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1. Introduction
In recent years graphics processing units (GPUs) have improved in performance massively from generation to generation. Recently Nvidia announced the GeForce RTX 40 series and the performance benchmarks for these cards display an increase in performance of anywhere from 50% to 70% over the previous generation [1]. With this in mind we can take a deeper look at the computational power of these new cards and explain some of the processes behind what makes them so vital to modern computer systems. With limitations of Central Processing Units (CPUs) becoming more of a bottleneck offloading some computations to the GPU has never been more vital to improve efficiency. This project proposal will be discussing a few of the key technologies that make GPUs so powerful in today’s computers and will go through the aims and objectives, as well as the proposed research methods to test performance benchmarks of GPU processing.

[bookmark: _Toc117194095]2. Background Research
This literature review will focus on what Compute Unified Device Architecture (CUDA) is, as well as some background on the technology used leading up to the creating of CUDA namely the introduction of General Purpose computation on Graphics Processing Units (GPGPU), what it has done for technology in terms of computational power, and some limitations of the framework. 
	At their first conception GPUs were used to decrease the time it would take to render 2D and 3D graphics. With gaming starting to get more popular in the 80s it become more and more apparent that a system would be needed in order to process these games images at a reasonable speed [2]. In the early 2000s CPUs were starting to reach a point in development where generational improvements where only yielding very small improvements compared to previous years. Around 2000 to 2006 CPU performance had stayed in a relatively similar state with processors struggling to get past 3.6 Gigahertz (GHz) clock speeds [3]. The combination of CPU development reaching a difficult point in it’s life and the success of the GPU in aiding games and other forms of 3D graphics with rendering times and increases in quality due to the GPUs ability to process texture maps and vertex shaders far quicker than the CPU, researchers began to look at ways in which they could utilise the GPU for tasks that were not necessarily graphics related [4]. GPGPU is essentially a way for software to use the GPU in order to assist the CPU with some processing. To write a GPU enabled application the developer will need a way to program their application with the correct algorithms for utilising the GPU. A plethora of Application Programming Interfaces (APIs) are available to developers in order to make their program GPU enabled [5]. This is where the creation and invention of CUDA by Nvidia becomes immeasurably useful for software developers and engineers.
The CUDA framework is an architecture that allows software to use GPUs for general purpose processing and not exclusively parallel computations. This allows the CPU to offload some of the processing tasks to the GPU speeding up processing times [6]. When talking about CUDA it is important to note the architectural differences between the CPU and the GPU that make CUDA such an efficient way of processing. Looking at figure 1 the major differences between the CPU and GPU can be seen. The GPU is comprised of hundreds of cores allowing it to carry out many parallel process much faster than the CPU is capable of [7]. 
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[bookmark: _Toc116439530][bookmark: _Toc116988108][bookmark: _Toc117196953][bookmark: _Toc117250401]Figure 1 Rough models of a CPU and GPUs Architecture
Nvidia are the creators of CUDA and have been a major part in the reason process such as CUDA and similar ones are popular today. In order to make CUDA accessible and easy to implement to projects Nvidia designed it using C/C++ languages and even provide a Software Development Kit (SDK) to aid with the process. The SDK is an incredibly useful tool for developers and is a huge bonus when looking to implement CUDA into a project [8]. When taking advantage of CUDA multithreaded applications and highly parallel algorithms yield the highest benefit in processing times [9]. Coding in C/C++ gives the program an edge when it comes to CUDA performance and allows for breaking down a program into thousands of threads. If a program can not be broken down into a large number of threads then it may be more beneficial to not use CUDA. This is something that can be explored and tested in more detail during the project. The CUDA API is an incredible invention and was a major breakthrough in computing, it allows the everyday developer to create GPU enabled software and improve computational efficiency without requiring extensive background knowledge on the inner workings of GPUs and coding. However, there are some shortcomings for CUDA, the major one being CUDA can only run on Nvidia graphics cards as it is of course created by Nvidia [10]. This means that a program designed only with CUDA would not work with GPUs from other manufacturers such as AMD or Intel. 
	In order to account for the variety of computers and systems the Open Computing Language (OpenCL) API was developed by Apple Inc and the Khronos Group. OpenCL provides a way for developers to code GPU enabled software that will work on a variety of systems regardless of the manufacturer of the GPU in the system. A group of large companies have also submitted conformance tests with OpenCL to ensure that the software create with OpenCL will work on the respective systems [11]. OpenCL generally provides a better standard if a developer wishes to have their app or program run on a plethora of systems, as CUDA is only available to work with Nvidia GPUs and on the major operating systems Windows, Linux, and MacOS. Because of the CUDA API and framework being owned by Nvidia they provide good support in order to make sure that the app or program a developer might be creating runs well on their devices [12]. Because of this using CUDA generally makes for a smoother and more efficient application. However, of course this is heavily reliant on the skills of the developer, if a developer is proficient with the OpenCL API and has made numerous apps or programs with it before then they may well create a better program than say a novice who chooses to use CUDA because of the support available to them.
	In summary CUDA has been and will be an incredibly useful tool for developers for the foreseeable future. Nvidia GPUs continue to grow in performance at an incredible rate and so do their manufacturing competitors namely AMD who were very close to having a GPU many would consider to be better than the 30 series from the previous generation of cards. OpenCL will always have limitations in how efficient you can optimise a program for such a wide variety of systems and has a long way to go in order to catch up to CUDA which has been such a vital addition in the world of modern technology.

[bookmark: _Toc117194096]3. Aims & Objectives
There will be four main aims with this project in order to help track progress and make sure the project stays on track.

1. Research and write the literature review – start finalizing review by 26/10/2022
a. Develop a background understanding of CUDA and related technologies
b. Review papers and developments made in the field of study
c. Write a brief summary of background info for project proposal – 21/10/2022
d. Write a more in-depth full literature review 26/10/2022

2. Create the program to test the algorithms 
a. Develop a piece of software that is able to test various GPU enabled algorithms
b. Add functionality for the software to output a set of results that can be used for analysis 

3. Run tests with the program and collect the results as data
a. Test the results of efficiency and run time of various algorithms
b. Tabulate results from tests

4. Report findings and discuss the results collected
a. Create data visualisations of results 
b. Analise the runtime and efficiency of each algorithm tested.
c. Report findings and write up final analysis and conclusion

[bookmark: _Toc117194097]

4. Project Design
4.1 Outline of Project Process
A relatively straightforward process will be followed in order to make sure the development of the project comes along smoothly. The first few weeks will be spent reviewing relevant literature and gathering a good understanding of the background in the related subject. Technologies that have led to the development of CUDA as well as some competitors or alternatives to CUDA will be looked at and research papers, journals, websites, and books where possible will be analysed and included in the final literature review with relevant reference. 
	Weekly meetings with the supervisor will provide for a way to track progress and make sure the deadlines are being hit. A few of the major deadlines in the project would be the initial project proposal being due 21st of October 2022. The majority of the full literature review is planned to be finished by the 30th of October 2022. Such a tight deadline has been chosen as the principal researcher and supervisor believe this date best suits the current schedule of the researcher. Having a beta version or early version of the program which will be used to test the algorithms is expected to be complete around 5th of January 2023. There are other major deadlines such as the collection of all data chosen, and review of the data collected throughout the project. However, these have not yet been set in stone at this point in the project.
	The hypothesis for this project is in what ways does the CUDA framework effect software efficiency and runtime? This was chosen so that the algorithm efficiency can be measured easily and the data can be reported and presented in a medium that is neat and easy to digest for the reader.

4.2 Data Collection
Data collection will involve adding some functionality to the software created for the project. At the end of running the software a breakdown of runtime and other elements required to analyse the effectiveness of the program will be displayed. These results will then be recorded and added to a document or database with all other results collected. Collected data will only be collected from the reports generated by the program. No human test subjects will be used, and no other programmers will be asked to develop a similar system of their own to compare results with. This could be a limitation of the project. However, the scope of this project is not big enough to warrant recruiting the help of other programmers who may want financial compensation in order to devote their efforts to creating useful data for this project.

4.3 Data Evaluation
Evaluation of the data will include the creation of a number of graphs and tables. Line graphs to compare execution times side by side will prove most useful in analysis of the results and allow for easy summary and comments. Each algorithm will be briefly talked about in the final report and then an overall conclusion will be drawn. Using the data collected some reasonable predictions and assessments can be drawn about the benefit of GPU enabled applications and software for computing. 

4.4 Risks & Limitations
There are minimal risks to this project in most aspects. One of the biggest risks the investigator may encounter is one of personal harm, eye strain, muscle soreness, bad posture, unhealthy eating schedules are the biggest risks. In order to mitigate all of these consistent reminds will be set at health intervals to make sure breaks of at least 5 minutes are taken to stretch, drink fluids, and give the investigators eyes a break. Another risk would be the possibility of the computer or short circuiting possibly because of a faulty part or even because of a power surge due to stormy weather. To minimize these risks extra care will be taken regarding not pushing the computer to any sort of limit in terms of power draw or consumption. The best way to mitigate the risk of external power surges is to use a surge protected wall socket or a surge protected extension cord. There are little to no environmental risks created from this project. However, to be on the safe side fire hazards from the computer have been acknowledged and to best combat this fire extinguishers will be near to each location of the computer and proper fire protocols will be studied and followed for places such as the UWTSD campus.
	Limitations on this project are mainly imposed by the investigators lack of expertise in the area. Although the investigator is competent with programming in the languages related to CUDA they do not have the experience of a person who may have been developing CUDA enabled applications for 3+ years as an occupation. The second limitation would be related to the first in that the level of program and depth of the algorithm written in order to test will be relatively low compared to an application or even a game that is developed professionally to be GPU enabled. 
 
4.5 Ethical Issues
This research project is very ethically low risk. There should be no cause for concern on any ethical fronts as the only participants are the chief investigator Sam Kelly and the computers involved in testing. No test subjects will be used to collect any data of any form.

[bookmark: _Toc117194098]5. Resources & Planning
5.1 The testing environment related to such a research project as this one is relatively simple and straightforward. No major specialist equipment will be needed and no specialist software will be needed

5.1.1 Hardware Resources
The main hardware resource needed for this project would be a somewhat modern computer with an Nvidia GPU. The investigator personally has access to a computer with a GeForce RTX 2060 which will allow for running CUDA based applications. Additionally there are in university resources at UWTSD Swansea campus with similar or better hardware available.

5.1.2 Software Resources
Similarly to the hardware resources for this project the software requirements are also very simple. Visual Studio Code is the main piece of software that will be used to code the software used in testing. The Nvidia CUDA Toolkit and CUDA Zone will also be used as there is a large library of resources available to aid in the development process of CUDA enabled software. Time permitting OpenCL may also be used to test and compare to the efficiency of CUDA based software.

5.1.3 Other Resources
In order to reach the university campus for testing on different computers a car will be needed to commute to and from the campus. However, should something happen to the car being used it is also possible to get a train or alternative mode of transport to the campus itself to carry out testing.

5.2 Planning
To aid with planning this project a Gantt chart will be used and update alongside the project to make sure the time used for the project is being managed carefully and effectively. The Gantt chart also provides a way for the investigator to see if any steps of the project are falling behind and need to be addressed or have more resources dedicated to them.
	The weekly meetings with the supervisor will also provide as a way to make sure the project stays on track as well as the interim viva to discuss the progress that has been made on the project so far at the point of interview.
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[bookmark: _Toc117196954][bookmark: _Toc117250402]Figure 2. Gannt Chart showing early stages of project
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1.1 Research CUDA and related
technologies - 12th October

1.2 Draft brief background for
project proposal - 16th October

1.3 Finalise background for project
proposal - 19th October

1.4 Write complete literature review
- 31st October

2. Deadline - 1st January 2023
Create program to

test and gather
results of CUDA
enabled algorithms

2.1 Write some pseudo code and/or
create code flowcharts - 17th
November

2.2 Begin to create the program
using CUDA library - 1st December

2.3 Polish out the program and do
some testing to make sure it works
as intended - 23rd December

2.4 Implement necessary algorithms
for testing - 1st January

3. Deadline - 18th February 2023
Test and gather

results of various
algorithms

3.1 Begin testing algorithms chosen
for analysis

3.2 Gather and tabulate findings
with comments useful for analysis
later

3.3 Check feasability of testing
other forms of GPU enabling

(OpenCL)

3.3.1If appropriate test with
OpenCL for comparison

3.4 Create some visualisations and
a brief comment on the data for use
in analysis later on - 18th February
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analyse findings
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4.2 State the findings gathered from
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analyse findings

4.4 Conclude the project and
results of testing - 8th March




