



Introduction
GPU Programming is the process of developing software that utilizes a Graphical Processing Unit aka (GPU) to perform tasks that mainly revolves around parallel computations and rendering graphics. [1] Doing this by using thousands of small, specialized cores GPU programming can accelerate intensive tasks such as AI, scientific simulations and image processing. For example, 3D animation companies use powerful GPUs to render movies.
The concept behind GPU Programming
The general concept behind GPU programming is the use of a specialised piece of hardware/processor that is designed with its own dedicated memory to manage multiple different threads at once. [2] With each core or multiprocessor uses the same mechanism as CPU’s but hosted thousands of times simultaneously. [3]
Shaders
With Shaders they are used as a small program that runs on the graphics processing unit in how it controls the data about graphics. [4] These graphics are then processed and rendered doing the work that the CPU usually does. While letting the GPU handle highly parallel tasks like drawing pixels, lighting and Geometry. [5]
Application of Shaders
The Application of shaders involve small programs that rely on the GPU with it being the key aspect of GPU programming. [6]  They control how data especially graphics data is processed and rendered rather than the CPU handling graphical calculations. These shaders let the GPU do this work in parallel to the CPU. Which is way more efficient for GPU programming. [7]
The Type of shader applications in the pipeline include:
1. Input assembler
2. Vertex Shader
3. Tessellation
4. Geometry shader
5. Rasterization
6. Fragment shader
7. Colour Blending
8. Framebuffer
[image: ] [8]
GPU vs CPU rendering
In regard to how a GPU vs CPU renderings visual data its always dependant on how the work is processed through parallel and sequential computing. It’s important for game developers through rendering workflows.
The biggest difference between the two includes:
· CPU(Central Processing Unit) it uses less cores than a GPU and it’s intended for a sequential workflow. Its also seen as the brain of the computer. Game Developers tend to use the CPU for physics simulations or high-end simulations because of how the CPU architecture is designed.  [9]
· GPU(Graphics Processing Unit) GPU uses thousands of cores and instead of working in a sequential fashion. They all work/render at the same time. This is why its works well for real time rendering and its ideal for use in gaming. It also handles shaders very efficiently. [10]
SDK’s
A software development kit  SDK’s is a set of tools used by developers and when it comes to GPU programming there are many types of development kits which are a collection of tools, libraries, compilers and documentation that allows for developers to write programs intended to be used on the GPU rather than the CPU. Regarding real time simulations as mentioned in the GPU vs CPU section. [11]
API’s
API’s (Application Programming Interface) are seen as frameworks that allows developers to directly communicate with the GPU and these types of tasks include rendering graphics, running shaders etc.  There are many types of API’s that developers use and below are the 3 most popular ones used in games development. [12]
Vulkan
The Vulkan API is developed by a team known as the “Khronos Group” and it’s a modern low-level API giving a more precise control over the GPU. It is more complex however it is made up for a faster and more efficient workflow. Plus, a huge advantage that game developers need to consider is that its cross platform as it works on Operating Systems like Windows or Linux or Android. [13]
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OpenGL
[image: ]OpenGL is a cross platform and widely supported API that game developers have been using for decades. While being older it’s still a legacy system that is heavily used in education. It also uses a pipeline model with programmable shaders, and it is also easier to learn compared to other API. Its best used to learn how GPU rendering. [16]
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DirectX
[image: ]DirectX is an API developed by Microsoft and unlike other API’s this is an API used exclusively on windows it won’t work on Linux or Android without some modification. Its allows for a strong performance and it’s used in AAA games and it uses legacy systems like Direct3D (graphics) and DirectCompute (GPU compute) etc. Its best used for Windows games development. [18]





[image: ]








[19]


Compute-Focused API’s
Used for non-graphical tasks for a GPU with stuff like AI, Physics and simulations allowing a GPU to act like a CPU. [20]
CUDA
Cuda is developed by NVIDIA so it can only be used on its own line of GPU like the GeForce GTX or RTX series of cards and it’s a very powerful API used for scientific computi9ng and AI. With its main language being C/C++. Its used in areas that are utilize machine learning or scientific simulations. [21]
OpenCL
OpenCL is developed by the Khronos Group the main developers behind the Vulkan API and it’s designed to be cross platform so it can work on CPU’s, GPU and FPGAs. And because of that it is more portable than a CUDA but it’s also harder to optimize. Its best used on hardware-independent compute tasks. [22]
DirectCompute
DirectCompute is part of DirectX, and it allows for a general-purpose GPU task on windows, and it also works alongside with Direct3D. It is designed to be used on windows-based engines. [23]
Practical application
The intent of this document is to demonstrate the practical application of various GPU rendering techniques with showcasing the technology behind stuff like Shaders which include Blur, Sharpen and Bloom. [24]
Blur
In graphical applications the blur effect have multiple uses for things like:
· Depth of Field (which blurs the background creating a more striking cinematic image)
· Motion Blur (Blurs the movement creating the illusion of smooth and fluid movement)
· Softening the UI in the background
· Post Processing (enhances the final image)
Sharpen
When it comes to the sharpen effect this is also used in graphical renderings with examples including:
· Enhancing image clarity and making the image look more crisper
· Post processing after you blur or upscale.
· And it improves the detail and clarity of in game or in graphical textures
Bloom
Regarding graphical applications the bloom effects allow for these effects to occur:
· Simulating the glow of light
· HDR Rendering (High-Definition Range)
· Emphasising bright areas on an objects or spots making the object in game look real.
[25]
Code Demonstration
Overview
As demonstrated in this section the code displayed can properly portray the shader technology powered by the GPU alongside a texture being displayed also.
Shaders
Here are the Shaders
Textures
Here are the textures
Output
The final output


Conclusion
To conclude this document the aim is for this project is to showcase the design and implementation of a GPU processing application using shader techniques like Bloom or Blur or Sharpen. This would show how flexible and efficient the process of translating these shaders is using the right API. Furthermore, the effects is also used in so many games and this document hopefully showcases the kind of technology that make all kinds of games not just 3D look up to standard.
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Further Appendances 
image4.png




image5.gif




image6.png
Microsoft®

DirectX




image7.jpeg
LIONHEAD
STUDIOS




image1.png
INNENEN
T
IINERENI
T

Vertex/index buffer
Input assembler
Color blending
Framebuffer




image2.png
(Vu likan.




image3.jpeg




