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[bookmark: _Toc38852493]Abstract.
In this project, a web-based PC specification recommendation tool was created by constructing the front-end design and back-end code with Microsoft Visual Studio. Data was gathered by benchmarking various computers with varying types of hardware to gather a wide range of results. These benchmarks were conducted multiple times to ensure validity of the results. The benchmarks were conducted using a variety of software such as 3DMark, Cinebench R20, ATTO Disk Benchmark etc. These results were stored in a phpMyAdmin database which is connected to the web page and will subsequently be displayed on the web page. Ultimately, the tool allows users to choose types of hardware (of varying levels) from dropdown sections and then these choices will be gathered from the database, and the result will be displayed to the user. 
The aims of the project were successfully benchmark all chosen computers, create the functional and working web application, and finally gain a further understanding of the project subject area. The objectives for the first aim were research into appropriate benchmarking software, acquire said appropriate benchmarking software, perform the benchmarks and finally report and aggregate the benchmark data. The objectives for the second aim were research into the necessary languages and assets to build the web application, research into designs for the web application, enter the prototype design phase, enter the final design phase, complete work on the front-end design then finally complete work on the back-end code. The objectives for the third were research into appropriate subjects, implement these findings into the overall project and gain a further understanding of the subject area and finally provide future research suggestions for after project completion. 
The final research method that was chosen and used during the project was a custom research method which was built around the project’s goals, focusing on the gathering and analysis of data. The development methodology was the “Waterfall” methodology, with a few minor changes. 
At the end of the project, the were a few major findings. The first major finding was that hardware improvement are continually being made in the computer hardware industry. Performance differences between lower tier and higher tier, even newer generational hardware is substantial, providing more credence to Moors Law. Another major finding during the course of the project was that research and development methodologies have a key role and have great importance within a project of great magnitude. Researching and producing the current research methodology for the project proved to be a great boon to time management, software development and data gathering, as a clear path and necessary steps were made clear and followed throughout the majority of the project. 

[NOTICE] The project has been affected by the recent COVID-19 pandemic. Details are outlined in the report with the signification of [UPDATE]. 








1. [bookmark: _Toc38852494]Introduction. 
In this section, an introduction of the projects Aims & Objectives will take place. [What are aims and objectives]. Secondly, a brief introduction to the structure of the project report will take place, describing how the report will be read, interpreted and how it will ‘flow’, so to speak.

1.1. [bookmark: _Toc38852495]Aims.
As the project consists of multiple parts, the aims and objectives have been separated into appropriate sections. The first aim of the project will be to successfully benchmarks all designated computers. The second aim of the project is to successfully implement the PC specification recommendation web application. The final aim of the project is to gain a further understanding of the project study area, these being computer benchmarking, computer hardware and web application language understanding.

1.2. [bookmark: _Toc38852496]Objectives. 
The objectives for the first aim consist of firstly, researching into appropriate benchmarking software. As there benchmarking will consist of benchmarking multiple types of hardware, such as CPU, GPU etc. Multiple types of benchmarking software are needed to benchmark said different types of hardware. The second objective to the first aim is after researching into the appropriate benchmarking software, the appropriate software will need to be acquired. This is a required objective as some benchmarking software may be free openly available to the public, however, some other software may be licenced and may need to be quired through purchasing the appropriate licences. The third objective to the first aim is to perform benchmarks up to 5 times. The reasoning behind this is to ensure validity of the results and rule out any abnormal results during the process. The final objective of the first aim is to record the results of said benchmarks and aggregate all results into an excel document for ease of storage and viewing. The average result of all benchmarks will be found and provides a reliable and verifiable result, which will be used in the data display of the web application.
 
	The objectives for the second aim of the project consists of firstly, research what languages, resources and assets are required to build and implement the web application. This is important as, for example, data will need to be stored and called from a database, however there are multiple methods on how this can be accomplished, therefore the most appropriate approach need to be researched. The second objective to the second aim is to research into designs which could affect the web application, such as ease of use, pleasant to view etc. The third objective to the second aim is to begin a protype design phase. This phase will commence after some appropriate web design have been researched. The fourth objective of the second aim is to enter the final design phase. All major finding will be collated into the final design and will be used in the final implementation. The fifth objective for the second aim is to begin and then complete production on the front-end design of the web application. The front-end design ideally will be completed first as this acts as the template/skeleton for the web application and any additions to the front-end design will purely be result of extra functionality of the back-end code. The final objective of the second aim is to subsequently complete the back-end code and obtain the minimal viable product. This was chosen as when adding back-end code, the code will slot in as the front-end will have already been completed. 


	The objectives for the third and final aim consists of firstly, as previously mentioned, throughout the project, subjects will be researched into, this leads into the second objective, in which these findings will be implemented into both the implementation and the project report, this will enhance knowledge of the subjects through research and practical implementation. The final objective of the final aim is that future research section will be implemented into the Conclusions and Recommendation section of the project report. This will encourage further study and research into project subject area after the project conclusion. 

1.3. [bookmark: _Toc38852497]Report Structure. 
The structure of project report will follow a linear structure, intended to provide a smooth reading flow and each section to transition smoothly from one to another. An abstract has been included to provide a brief overview of the project, which then leads into the projects aims and objectives, literature review and methodology*. This then leads into background research section. Which then leads into design research and implementation*. Which then leads into final design and implementation*. Which then finally leads into evaluation, conclusions, and reflection.  
2. [bookmark: _Toc38852498]Literature Review. 
In this section of the project report, a literature review will be conducted. A literature review is a document where a search and evaluation of literature in a subject/topic area, in this case being computer hardware and benchmarking. The purpose of a literature review is to survey the literature in the area of study, to synthesise said information into a summary, to critically analyse the information by identifying gaps in current knowledge and identify areas of further study within the topic, and finally to present the information in an organised manner [1]. 
	The structure of the literature review will read in the following order, the source will be described, the source will be checked if it is peer reviewed, the authors credentials will be checked, the sources relevance to the subject area will be mentioned, both strong and weak points of the source will be mentioned, the reasoning of why the source was chosen and what insights the source brings the project. Then, sets of sources will be combined to show the similarities and/or differences between them and what they achieved.

2.1. [bookmark: _Toc38852499]Sources. 
In this section, research will be conducted into computer benchmarking methods and computer hardware information. A variety of sources will be gathered and collated, and in turn will be dissected for information and the sources validity and reliability will be detailed.  
2.1.1. [bookmark: _Toc38852500]Books.
The first book source that was chosen is a book that details the topic of computer hardware, specifically upgrading and repairing computers. The book is titled “Upgrading and Repairing PCs, 22nd edition”. The author of the book is Scott Mueller. Briefly, a quick overview, the book covers topics such as development of the PC, PC components, features and system design and specific hardware types and specifications such as processors, memory, storage, graphics processors etc [2]. The book itself is not peer reviewed, as detailed by the University of Toronto, books undergo a different editorial process before the book is published, therefore any published books are not peer reviewed however are still strong scholarly sources [3]. The authors credentials, as detailed by Pearson, Scott Mueller is the president of his own research firm, known as Mueller Technical Research. The company specialises in international research and corporate training. Since the publication of his first edition of this current book, he has sold more than 2 million copies of the book [4]. The book itself is extremely relevant to the project as it contains a vast amount of information about computer hardware, which encompasses the entire project. The book itself has few strong and weak points. One of its strong points is that is a recently published book, therefore it contains fairly recent information. Another strong point is that the book contains 1000+ pages, which contains very large quantities of information, however this can be a weak point as well, as the book would not be easy to skim through for quick information. The book was chosen as it provides detailed information about computer hardware which will come useful into what hardware will be tested. 

	The second book source that was chosen is a book that, again, details the topic of computer hardware, specifically the underlying logic of a computer. The book is titled “Principles of Computer Hardware”. The author of the book is Alan Clements. Briefly, a quick overview, the book covers topics such as topics such as gate and circuit logic, computer arithmetic, buses etc [5]. As previously mentioned, books are innately not peer reviewed. This will not be exempt from further findings but will be simplified to prevent repetition. With information provided by AdvanceHE (Previously Higher Education Academy), Professor Alan Clements was the professor of computing within the University of Teesside School of Computing. Alan Clements had worked at the university for over 30 years before his retirement in 2008 [6]. The book holds relevance to the project as bus speeds will need to be understood before commencing with benchmarks. The book contains some strong and weak points. One of the strong points being that book is written by a professor in computing with 30 years of experience within the field. Another strong point being that there are few subjects in the book, however they are highly detailed, which would prevent information overload [7]. However, a weak point to the book is that it was released in 2006, this means there may have been newer developments within the subject area which the book may not cover. The book was chosen because it provides useful insights into motherboard bus speeds which will prove useful to the benchmarking aspect of the project. 

	The third book source that was chosen is a book that, yet again, details the topic of computer hardware, specifically covering the basics of computer hardware and all the technical jargon associated with hardware and computing. The book is titled “Essential Computer Hardware: The Illustrated Guide to Understanding Computer Hardware (Computer Essentials)”. The author of the book is Kevin Wilson. Briefly, a quick overview, the book covers topics such as general hardware concepts, hardware components, computer ports and computer peripherals [8]. The book is not peer reviewed. With information gathered from Elluminet Press, Kevin Wilson holds 15 years of experience within the computer industry. He also holds a master’s degree in computer science, software engineering and multimedia systems. Kevin Wilson currently serves as Elluminet Press’s senior writer and director [9]. The book is relevant to the project as it contains general information for computer hardware which will be helpful in the event of needing to re-check general information. A few strong points to this book are that information is presented in a very easy to understand manner, accompanied with graphs and figures. Another strong point is that the key information is primarily displayed without superfluous information added, to maintain its simplicity, however this raises a downside to where if for more detailed information is needed, other sources will have to be read. This book provided insight into the project as it contains information about computer hardware but also contains extra information about ports and peripherals, which are not necessary to the project, but will used for further reading in the future. 

	The fourth book source that was chosen is a book that details the topic of computer benchmarking, specifically an introduction to computer benchmarking. The book is titled “The Science of Computer Benchmarking (Software, Environments and Tools)”. The author of the book is Roger W. Hockney. Briefly, a quick overview, the book covers topics such as the basics of computer benchmarking, performance parameters, new ideas based on dimensional analysis etc [10]. The book is not peer reviewed. After thorough research, there is a miniscule amount of information regarding Roger W. Hockney. The inly information available that adds to his credentials is that he studied Stanford University and he has also co written other works such as “The graphical benchmark information service” journal alongside Mark Papiani and Anthony J. G. Hey [11]. The book is relevant to the project as it contains an introduction to benchmarking and presents new ideas which could be incorporated into the project. The book contains strong points and weak points. One strong point being that the book contains 143 pages, which means the information is concise and can be read easily. However, one drawback to the book is that it was published in 1996, which means the information is more than 20 years old (at the time of writing) and could contain outdated information. The book provides some insight to the project as it introduces computer benchmarking which will help in the process of benchmarking. 

	The fifth book source that was chosen is a book that details the topic of computer benchmarking, specifically performance analysis and techniques. The book is titled “Performance Evaluation and Benchmarking”. The book is written by two authors, these being Dr. Lizy Kurian John and Dr. Lieven Eeckhout. Briefly, a quick overview, the book covers topics such as performance modelling and measurement techniques, benchmarking, aggregating performance metrics etc [12]. The book is not peer reviewed. One author, Dr. Lizy Kurian John, according to The University of Texas in Austin, holds a PhD in computer engineering which was acquired in The Pennsylvania State University. Her research has been supported many organisations such as DARPA, AMD, Huawei, IBM and Intel just to name a few [13]. The second author, Dr. Lieven Eeckhout, according to the Ghent University, obtained his PhD in computer architecture in 2002 from Ghent University. He currently works within Ghent University as a full professor. He has released software known as “Sniper”, which is a x86 multi-core simulator [14]. The book is highly relevant to the project as it provides evaluation methods and benchmarks suites, while also considering their strengths and weaknesses. The book has some strengths and weaknesses. One strong point to the book is that it was published in 2019, which means it contains highly up to date information with very little chance information is out of date. Another strong point to the book is that both authors specialise in performance analysis, therefore the information provided is highly reliable. However, one drawback to the paper is that there are few visual breaks for the information, which means information overload could occur. The book provides insight to the project as previously mentioned, it provides a variety of benchmarking methods which may be or adapted into the project. 
	
	The sixth book source that was chosen is a book that details the topic of computer benchmarking, specifically general benchmarking. The book is titled “Computer Performance Evaluation and Benchmarking”. The author of the book is Dr. David R. Kaeli. Briefly, a quick overview, the book covers topics such as CPU benchmarking, thermal benchmarking, sampling techniques etc [15]. The book is not peer reviewed. With information provided by Northeastern University, Dr. David R. Kaeli is a distinguished Professor at said university. He received his PhD in Electrical Engineering in Rutgers University in 1992. Alongside his research, he teaches computer architecture and performance analysis [16]. The book is relevant to project as details benchmarking and performance analysis. There are some strong and weak points to the book. One strong point is that the information is presented in an easy to understand manner with suitable code listings and diagrams to demonstrate the methods used. However, one downside to the book is that it primarily focuses on CPU benchmarking, there it does not show benchmark methods for other types of hardware. The book provides insight into the project as it provides useful information regarding thermal consideration while benchmarking. 

2.1.2. [bookmark: _Toc38852501]Journals.
The first journal source that was chosen is a journal that details the topic of computer hardware, specifically the general basics of computer hardware. The journal article is titled “Basics of Computer Hardware and Software”. The author of the journal is Frederick M. Frankenfeld M.S. Briefly, a quick overview, the book covers topics such as computer hardware, peripherals, output, system software etc [17]. Journals, compared to books, do in fact go through a peer review process, as stated by Angelo State University [18]. The journal is published by The American Journal of Health-System Pharmacy (AJHP). Each journal published by them is peer reviewed [19]. According to AJHP, Frederick M. Frankenfeld is manager of drug data processing systems and services at the American Society of Hospital Services [20]. The journal is relevant to the project as it contains information pertaining to processors, which may provide insight into what to take into consideration when benchmarking. One strong point to the journal article is that the article itself contains only a few subjects, therefore information is kept brief and easy to read/understand. One weak point to the journal article however is that it was published in 1993, which means some information may be out of date. The journal provides insight into the project, as, previously mentioned, the journal contains information about processors, which is relevant to the project as the project is heavily centred around computer hardware benchmarking. 

	The second journal source that was chosen is a journal that details the topic of computer hardware, specifically discussing key components of a computer from a historical perspective. The journal article is titled “Computer Hardware - An Overview”. The author of the journal is M. Manikandeshwar. Briefly, a quick overview, the journal covers topics such as the history of general computer hardware, such as memory, graphics processing units, processors etc and peripheral hardware [21]. All journals published by the International Journal of Science & Researched is peer reviewed [22]. There is little information pertaining to M. Manikandeshwar, however he was written journals for many peer reviewed sources such as the previously mentioned IJSR and International Journal of Engineering and Technical Research (IJETR) [23]. The journal article is semi relevant to the project as it contains historical information about computer hardware. The project focuses on current information of computer hardware and benchmarking, however historical information will used for further project reading and understanding. One strong point to the journal article is the information is presented in the IEEE format, which is very easily understandable. Another strong point is that the journal was published in 2015, this means that the information is recent and all historical information is verified as of the peer review. One aspect which could possibly be a weak point is that, as previously mentioned, it does not directly affect the project, as its primary purpose is for further reading. However, the journal does bring some direct insight into the project as it contains information regarding the basic operations of computer hardware.  



	The third journal source that was chosen is a journal that details the topic of computer hardware, specifically novice information pertaining to computer hardware. The journal article is titled “Computer and information technology: Hardware”. The author of the journal is Denice D. O’Brien. Briefly, a quick overview, the journal covers topics such as computer hardware basics and internet technologies for the advanced [24]. The Journal of PeriAnesthesia Nursing is a peer reviewed journal [25]. The author, Denice D. O’Brien is the education nurse coordinator at the University of Michigan Health System. She has also published other articles such as “Intraoperative risk factors associated with postoperative pressure ulcers in critically ill patients: A retrospective observational study” and “Leaving a Legacy of Caring” [26]. This journal article is relevant to the project and also provides insight to the project as it contains information computer hardware and further reading information pertaining to web technologies, which may be implemented into the project. One strong point is that the article is very short, and information is densely packed into a readable format, however the stark difference in experience and knowledge required between sections is very noticeable, and this is a weak point. 

	The fourth journal source that was chosen is a journal that details the topic of computer benchmarking, specifically providing frameworks for benchmarking. The journal article is titled “A framework for computer performance evaluation using benchmark sets”. The authors of the journal are U. Krishnaswamy and Isaac D. Scherson. Briefly, a quick overview, the journal covers topics such as providing a novel benchmarking methodology, discussing a geometric model which defines system behaviour and analysing the proposed methodologies [27]. All journals published by IEEE are internally peer reviewed [28].  U. Krishnaswamy is currently affiliated with Juniper Networks, which is in California, USA. The current journal is the only U. Krishnaswamy has published (at the time of writing) [29]. Isaac D. Scherson is currently affiliated with the University of California. He was published a total of 45 works between the years 1986 to 2019. This paper is relevant and provides insight to the project as it relates to computer benchmarking and provides a useful benchmark methodology. One strong point about the journal article is that it is highly reliable as IEEE is the world’s largest association dedicated to the advancement of technological advancement [30] and the authors have decades of experience with large subset of publications behind them. One weak point to the journal however is the terminology is advanced and the paper is targeted to people more adept in the field of benchmarking. 

	The fifth journal source that was chosen is a journal that details the topic of computer benchmarking, specifically an introduction to benchmarking. The journal article is titled “A synthetic benchmark”. The authors of the journal are H. J. Curnow and B. A. Wichmann. Briefly, a quick overview, the journal covers topics such as introductory benchmarking and comparing this to other methods of accessing a computers power [31]. The Computer Journal is peer reviewed, according to Oxford Academic [32]. As the authors have aged significantly since the journal articles publication and the article was published significantly before the internet became a standard, information pertaining to the two authors is very scarce, there is next to no information regarding H. J. Curnow other than the publication of the current journal article. B. A. Wichmann has more information available however, he holds a doctorate of philosophy and is currently retired with no affiliation to an organisation, however he has researched 134 topics during his tenure [33]. This paper is relevant and provides insight into the project as it contains information about the basics of benchmarking and comparisons to other forms of computer power testing. One strong point to the journal article is that it is presented in the IEEE format which is easily readable and there are plenty of graphs available which display the workings of the benchmarks used in the journal article. However, one downside to the journal article is that it was published in 1976, which means there is a high chance information within could be outdated by todays methods and standards, however it could provide further reading into the history of benchmarking.  

	The sixth journal source that was chosen is a journal that details the topic of computer benchmarking, specifically the evolution of benchmarking. The journal article is titled “The Evolution of Benchmarking as a Computer Performance Evaluation Technique”. The authors of the journal are Byron C. Lewis and Albert E. Crews. Briefly, a quick overview, the journal covers topics such as the evolution of benchmarking through the years, discussions of benchmark problems and advantages and disadvantages of various benchmark techniques [34]. MIS Quarterly is a peer reviewed journal [35]. Again, as the publication date of the current journal article predates mainstream use of the internet, information regarding both authors is very scarce. The only information regarding Byron C. Lewis is that over his tenure, he had successfully published 7 works [36]. Also, the only information available regarding Albert E. Crews is that over his tenure, he published 5 works [37]. The journal article is relevant to the project as it contains information regarding computer benchmarking. One strong point to the journal article is that is a short paper and is presented in a format like IEEE, meaning it is easy to understand. However, one downside to the paper is that it was published in 1986, which means some information could be outdates. The journal article provides some insight into the project as it contains information regarding benchmarking, however the journal article will primarily be used for the further reading as it contains information regarding the history of benchmarking.

2.1.3. [bookmark: _Toc38852502]Other. 
However, while there is a large amount of reliable information regarding computer hardware and benchmarking available, there is a vast amount of information regarding said subjects available from sources seen as “unreliable”. A few examples of these being message/disccusion boards such as Reddit, TomsHardware and LinusTechTips. These discussion board websites are websites which allow users to provide articles, news, benchmarks, reviews and more which relate to computer hardware and technology [38]. Another example being content creation websites with creators such as Linus Tech Tips, Gamers Nexus and Bitwit. These type of websites offer the same the same functionality to message/discussion forums, however the information is presented in a video format [39]. Video sharing could be far more reliable as the methods used are physically displayed within the video. However, without peer reviewing or any other verification methods, these sources can never be fully reliable. 
	As information gathered from these sources are “un-reliable”, a specific methodology will be used to make use of said information. Firstly, any specific information gathered, such as benchmark data from a specific CPU, will be compared to other sources regarding the same information. 5-6 sources will be gathered regarding the same subject and then correlations and similarities will be searched for within the information, if the data seems consistent across all sources, the information will be used. However, as the information is still gathered from “non-reliable” sources, this data will be marked as “other” to signify this trait of the information. 

*Note: References 34 and 35 are not academic sources, they provide validation of the purpose of said sources. No academic information is found in these sources.

2.2. [bookmark: _Toc38852503]Sets of sources.
As all the sources have been gathered, there are 3 primary sets of sources that can be grouped together, these being the set of sources which relate to computer hardware, which contains 3 books and 3 peer reviewed journal articles. The set of sources which relate to computer benchmarking, which also contain 3 books and 3 peer reviewed journal articles. Finally, the extra sources which can be deemed as “non-reliable” but contain a vast amount of information. The first set of sources share a common similarity of discussing some aspect of computer hardware. One difference between some of them being that some sources are targeted to individuals well versed in computer hardware and terminology whereas some others are targeted to teach novices within the subject area. This set of sources achieve providing basic information of computer hardware from the novice level to the adept and expert levels with a variety of sources. It also provides further reading to expand knowledge in the subject area. All will be useful for the project. 
The next set of sources of share a common similarity of discussing computer benchmarking. Another similarity is that all sources are peer reviewed and reliable. However, one difference between the sources is that some sources discuss the aspect of performance and analysis and provide metrics to adhere to, whereas some others do not discuss such topics. This set of sources achieve presenting information such of benchmarking by introducing benchmarking to providing performance analysis metrics, which will be extremely useful for the project. 
The final set of sources, in the general sense, also share a few similarities and differences. One similarity between them all is that they are all viewed as “non-reliable”. Another similarity between them is that it seems that some people who upload the information do not have a special or scholarly background in the area, however, through pure interest or professional work, they are well versed in the computer hardware and benchmarking subject area. However, one difference between these sources is how they are presented, as previously mentioned, some information is posted on forum boards in text format, whereas some other information is presented in video format, posted on content creation websites. What this set of sources achieve is a way to provide data and information in a non-formal way, however this is at the cost of validity.   

2.3. [bookmark: _Toc38852504]Conclusion. 
In conclusion, a variety of sources of sources have been gathered and analysed. These sources having been described, such as a brief overview, the name of the book/journal article, the authors name etc. The sources have been checked if they have been subjected to peer review, mainly journals, which were all peer reviewed, solidifying their reliability. Also, books are not peer reviewed however are still strong scholarly sources. The credentials of each author of every source has been checked to see if the information is reliable and trustworthy. This was done by checking the authors background and previous works. Most authors had an abundance of information about them which solidified their integrity, but some others had less information available, however all authors had a reliable background.  The relevancy of each source to the project was discussed by describing how each source related to the project, such as computer hardware or benchmarking. Strong and weak points for all sources were discussed by displaying aspects such as visual presentation, publication date etc. For example, some sources had great visual presentation but were published some years ago, and vice versa for some other sources. The insights each source brought to the project was discussed such as providing benchmark metrics, bus speeds, historical information etc. Extra sources were discussed, such as forum boards and content creation sites, by discussing how they were not seen as “reliable”, however, with enough information taken from these sources, aggregated together and a trend is seen within the information, this information will be used, however will be labelled as “other” to display the information came from non-reliable sources. Finally, these sources were put into sets were the information could be grouped together and compared, to show similarities, differences and what they achieved.
3. [bookmark: _Toc38852505]Methodology.
In this section, both the research and development methodologies to be used during the project will be discussed and the resources needed to complete the project will be detailed. Briefly, a methodology is a set of techniques and/or procedures. These techniques are then used find, choose, process, and analyse the gathered information about any topic. The purpose of a methodology is to answer two questions. These being how the data will be gathered and/or created. And the other question being how the data will be analysed [40]. 

[bookmark: _Toc38852506]3.1 Research Methodology.
In this section, the overarching research methodology that will be used throughout the project will be detailed. Explaining and justifying the philosophy behind the methodology. Explaining and justifying the type of strategy behind the methodology. The potential risks and limitations to the project will be discussed and how these could be circumvented. The validity, reliability and generalisability of the research method will be discussed. Finally, data evaluation methods will be discussed by explaining how data will be collected and evaluated. 

[bookmark: _Toc38852507]3.1.1 Philosophy.
There are two types of philosophies behind a research methodology. These are a positivist philosophy and a phenomenological philosophy. The positivist philosophy is based purely around statistical fact. An example of how this form of philosophy works, is for example, our reality is based on laws of cause and effect, which means when an event happens, a proceeding event occurs. The relation between both cause and effect can be measured through numerous scientific methods. Therefore, positivism emphasises the objectivity of reality as whole. Phenomenological philosophy on the other hand is a contradiction to the former philosophy. Compared to emphasising the objectivity of reality, phenomenological emphasises objects and outcomes through the eyes of the researcher and individuals [41].
	As the project is based around gathering statistics from measurable sources and computer science, the philosophy which will be used for the project will be the positivist philosophy. During the project, the philosophy will be utilised in two primary areas, the gathering of benchmarking data and programming aspect of the implementation, such as mathematical equations and/or querying. The philosophy will prove advantageous to the project as it will help validate the utilisations. 

[bookmark: _Toc38852508]3.1.2 Strategy.
Similarly, to research philosophy, research strategy has two primary directions. These strategies being a deductive strategy and an inductive strategy. A deductive strategy primarily focuses on the testing of pre-existing theory. Deductive strategies are typically initialised with a hypothesis and throughout tend to focus on the causality of events in the project. Deductive research is also typically associated with quantitative research. On the other hand, there is inductive research. An inductive strategy primarily focuses on creation of new theory, which is derived from gathered data. Inductive strategies typically question data far more, however this is to narrow to the scope of the studies being undertaken. Also, comparatively, instead of focusing on causality, inductive research focuses on exploring new ideas and/or approaching previous studies from a different point of view [42].
	As previously mentioned, as the project is based off the gathering of data and utilisation of computer science, the chosen research strategy is a deductive strategy. This strategy was chosen as the emphasis on causality and testing theory fit apply to the project, whereas the generation of new theory does not line up with the project. 

[bookmark: _Toc38852509]3.1.3 Risks & Limitations.
	What external factors could prevent your project from being a success? How will you attempt to prevent this from happening? If things do go wrong, how do you plan to work around this? Are there any limitations on your project? If so, then what are they and how are you going to handle them?

As the project is computing based, there are fewer possible points of risk and/or limitations that could affect the project. However, there are a few notable risks and/or limitations that could potentially pose a threat to the project. 
	One possible risk to the project emerges from the software aspect of the project. The risk being loss of data in any shape or form. These could take shape from operating system corruption, project implementation file corruption, physical storage loss etc. In terms of danger, the risk poses a large threat as large amounts if not all relevant project data could be lost. However, with sophisticated modern programming, the risk is highly unlikely to happen, however it is not impossible. To counteract the risk, three-location backups (aka 3-2-1 Backup Strategy [43]) will be implemented to prevent the loss of data. Please see Appendix 1, 2, 3 of the three locations used for backups. In the event of data loss, the most recent backup from any of the available backup locations will be downloaded and work will continue from there. 
	One possible limitation to the project could manifest itself in the form of lack of knowledge in a field which would most likely affect the implementation/development aspects of the project. An example of this could be needing/wanting to implement a certain feature into the web application, however lack of understanding of a language or software development principle could halt progress. In terms of danger, the limitation poses a low threat to the project as familiar principles and languages will be used in the development of the web application. However, in the event of the limitation being met, extra research will be conducted on how to work around or learn pass the limitation. Also, asking lecturers for help is another method around this limitation. 
	Another possible risk which could affect the project does not derive from the project but is an outside risk. The risk itself is virus outbreak. As of writing [02/03/2020], there has been virus outbreak in China, the virus is known as COVID-19 (aka Coronavirus). However, cases of the virus have been rapidly spreading across the globe [44]. In terms of danger to the project, it is substantial as contracting the virus could result in time off and rest due to medical reasons from the virus. This could in-turn affect worktime on the project, which could reduce the quality of the project. However, the risk of this is low as news seems to be over exaggerated. However, in the event of contracting the virus, appropriate medical attention will be sought after, and if symptoms are severe, the universities extenuating circumstances will be contacted.
[UPDATE] March 15th, 2020. The university has declared closure of all campuses effective immediately. Classes will be moved online from March 23rd, 2020. This has caused some effect on the project. Details outlined in “Hardware Resources” section of “Resources” in “Methodology”. See Appendix 4 of screengrab of official university email.
Another possible limitation to the project could manifest itself in the form of monetary restrictions, which in turn could affect some of the benchmarking methods and results. The limitation itself is derived from the software aspect of the project, namely the acquisition of benchmarking software. As previously mentioned, some benchmarking software is licenced and has monetary value, in-turn, this would require a purchase or multiple purchases of licences for the programs. Which could limit the number of possible benchmarks available for the project. In terms of danger to the project, it is substantial as the project is based off the primary data gathering of benchmark data. However, one possible method to avoid this limitation is to apply for an official university departmental project grant, which allows the university to assist the project monetarily (to an extent).

[bookmark: _Toc38852510]3.1.4 Validity, Reliability & Generalisability.
3.1.4.1 Validity.
Professionally, benchmarking is the procedure of acquiring a measurement of data. Simply put, benchmarks are the results, and benchmarking is the “how it was done” [45]. With this definition in mind, it not only possible to apply benchmarking methods to the project field, benchmarking is also applicable to many other fields, for example job performance. As previously discussed in the literature review, computer benchmarking has been used for decades to acquire performance data of a computers. The methods and methodologies have evolved since the inception and early instances of computer benchmarking, however the general act of using a program to acquire data from a computer has remained relatively unchanged. 
In terms of building the implementation of the web app, technologies and languages are constantly evolving providing newer and more efficient ways of solving problems and building new programs. However, the concepts used behind the creation of web app are reliable to recreate the solution using different methods, such as using different programming design principles like [46]. 

3.1.4.2 Reliability.
As the benchmarking aspect of the project involves the gathering of specific data, a fellow researcher investigating the same problem would have general ease recreating the situation and producing the same results in theory. There are aspects which can be followed, and would it make easy, however there are a few aspects which could cause some trouble and cause slightly different results. One of the easier aspects to recreate (with enough monetary support), would be the recreation of the hardware. As the project involves benchmarking specific hardware, if a fellow researcher managed to acquire the primary benchmarking hardware, the results would most definitely be same, if not with minute differences.
However, one aspect which could cause differences in the data gathered would be background processes on the individual machine, every machine would have a variety of background processes which affects the amount of resources the machine can allocate to the benchmark. Please see Appendix 5 for a screengrab background processes on an individual machine.

3.1.4.3 Generalisability.
As the benchmarks would be conducted on specific hardware with specific power delivery configurations. The range of situations the results could apply to would be very slim. The only feasible situations the results could apply to would be to provide other researchers or individuals with the results for help or comparison reasons with similar systems. However, in terms of use, the results could be confidently used as the results would be primary data which and would be logged for documentation. In the event of organisations with having similar data sets, the results of the project could be reliably used as comparative data. 
[bookmark: _Toc38852511]3.1.5 Data Evaluation Methods.
3.1.5.1 Data Collection.
The types of data that will be gathered for the project will primarily be primary data and supportive secondary data. The primary data will be gathered from benchmarking computers. The secondary data benchmark data will be gathered from online sources, as mentioned in the literature review, the computer benchmarking community has made its home on online forums and content sharing websites. The primary data benchmarks on each component will be conducted at least 5 times to ensure validity of the data and to avoid any inconsistencies in the data. The secondary benchmark data will be gathered similarly, however with more caution. As the data is unverifiable under most circumstances, data sources will  be carefully considered, then when multiple sources have been gathered, trends within the data will be identified, if there is a noticeable trend, the data will be used. However, the data will be marked as non-primary. If less data is gathered than expected, this will be marked, with reasoning accordingly. 

3.1.5.2 Data Evaluation.
Inherently, from the project, the method of evaluation will be benchmarking and benchmark data evaluation. There are three primary types of data evaluation, goal based, process based, and outcomes based. However, the type chosen for the project will be goal based, as this form of data evaluation measures if objectives have been achieved. Please see Appendix 6 for an example of a goal-based data evaluation sheet. There are two primary forms of statistical analysis, these being descriptive statistical analysis and inferential statistical analysis. However, the former technique will be chosen for the project as descriptive statistical analysis summarises data from a sample using indexes [47]. This lines up perfectly with the data collection of the benchmarks as multiple benchmarks will be conducted and data will be summarised. The data will be presented with two methods, the first method being all available data and summarised will be inserted into a data management system, such as Microsoft Excel, which will be appended along with project implementation files. The second method the data will be displayed is through the web application implementation.

[bookmark: _Toc38852512]3.2 Development Methodology.
In this section, the overarching development methodology that will be used throughout the project will detailed. This will be done detailing a chosen software development methodology.

[bookmark: _Toc38852513]3.2.1 Software Development Methodology.
In web application/software development and design, there are several effective methodologies available to use, however, as the project implementation is more based than software based, more specific methodologies will be researched. There are many web application development methodologies such as “Waterfall”, “Lean IT”, “Agile”, “Scrum” etc. However, with final development methodology chosen was the “Waterfall” methodology. This methodology was chosen as it synergises well with the scope of the implementation of the web application. The design of the waterfall model is akin to stream, passing phases of the project one by one. However, a transition into the next phase can only occur upon completion of the previous phase. This means the Waterfall methodology is well suited to smaller sized projects where smaller projects where and where the requirements are clear. Another benefit to the Waterfall methodology is that is very simple to follow and understand [48]. Please see Appendix 7 for a diagram of the Waterfall methodology. 
[bookmark: _Toc38852514]3.3 Resources.
In this section, the variety of resources that will be needed to complete the project will be detailed. This will be done explaining what hardware resources will be required for the project and what software resources will be needed for the project. 

[bookmark: _Toc38852515]3.3.1 Hardware Resources.
The general hardware will resources required are all generality computers. However, the variety of the hardware inside all the available computers sources of the computers are vastly different. The first required hardware resource would be the authors personal tower computer, it contains high-end gaming and workstation hardware, which will provide top tier benchmark data. 
The second hardware resource required will also be the authors personal laptop, it contains mid-range gaming and workstation hardware, which will provide an excellent benchmark data set for both mid-range computers and laptops(as some hardware is mobile based hardware). 
The third hardware resource is a family members personal computer. The hardware inside the computer is low low-end gaming hardware, but great general use and work hardware. This will provide excellent benchmark results for the aforementioned use cases. 
The fourth set of hardware resources required are university computers, which are of varying power levels which will provide great comparative benchmark data, along with fellow classmate devices which are also of varying capabilities and will also provide great comparative data.
[UPDATE] This section of the project has been heavily affected by the COVID-19 pandemic. As the university has closed all campuses until further notice, and the UK government enacted quarantining laws. Benchmarking fellow classmates’ devices and benchmarking university computers has been rendered impossible. 

[bookmark: _Toc38852516]3.3.2 Software Resources.
This section will be split into two parts. Software requirements for computer benchmarking and secondly software requirements for web application implementation. After thorough research, there is a large variety of benchmarking software available, some free to use, however some are payed and require expensive licences. The final was chosen and has been acquired. The first software resource being for disk benchmarking, known as ATTO Disk Benchmark. The latest version has been downloaded (version 4.01.0f2). The software is a freely licenced program. [49]. The second software resource required for general PC statistics and RAM benchmarking, known as CPU-Z. The latest version of the software has been downloaded (version 1.91).The software is a freely licenced program [50]. An additional piece of software needed to test RAM is known as “RAM UserBenchmark”. The current version of the software is installed. The software is freely licenced [51]. The third software resource required is for GPU benchmarking, known as 3DMark. The latest version has been installed from the Steam Store (version 5.26). Unlike the previous software, this software is licenced, and purchase is required. The license is £60 [52]. The final benchmarking program that was acquired was for CPU benchmarking, named Cinebench R20. The version installed is the current version (version 20.0.6.0). Like most of the other software, this software is freely licensed [53]. 




	The first software requirement for production of the web application is for development of both front-end and back-end development, known as Visual Studio Code. This software was chosen as it has native PHP support, which is the chosen back-end language. The version installed is the latest version and is automatically updated (version 1.44.1). This software license is free [54].
The final software requirement for development of the implementation is to store and edit the benchmark data that will be displayed on the front-end of the web app, known as WAMP Server. The installed version is (version 3.1.4). The software has a free to us licence [55]. 

[bookmark: _Toc38852517]3.4. Conclusion.
In conclusion, the projects chosen research methodology was chosen. The research methodologies chosen philosophy was positivism. The strategy for the research methodology was chosen as a deductive research strategy. The risks and limitations which could oppose the project was identified. The validity, reliability and generalisability of the project was identified and discussed. The data collection and evaluation methods were discussed by pinpointing how the data would be collected, how much data would be collected etc. The projects development methodology was identified by choosing an appropriate development methodology, which is the “Waterfall” software development methodology. Finally, the required resources of the project were discussed by detailing the hardware requirements and software requirements, some of these being personal computers, computers of friends and family, 3DMark, Cinebench R20, CPU-Z etc. With the research methodology researched and finalised, these methods can now be implemented on pre liminary research of the project and lead into the Design and Implementation of project. All information gathered during this section will be used during the benchmark data gathering and web application development. 
4. [bookmark: _Toc38852518]Design and Implementation. 
In this section of the report, the design and implementation processes of web application implementation aspect of the project will be discussed. This will be done by detailing by detailing the processes behind both the design and implementation. The design will be discussed by detailing the reasoning and factors behind the initial design, the methods used to create the initial design, the requirements and analysis of the requirements will be detailed, and the protype/initial designs will be shown. The web application implementation has been created, the implementation will be discussed by detailing any problems that occurred during development and how they were overcome, any aspects of the implementation that were modified or removed will be justified, 

4.1. [bookmark: _Toc38852519]Design.
This section of the report outlines the design principles and methods that will be used before commencing production on the web application.

4.1.1. [bookmark: _Toc38852520]Requirements Sheet.
Before producing the initial prototype design, there are a few steps that must be followed. This step being producing a requirements sheet. A requirements sheet is the starting point for a project. The requirements sheet provides an outline for the purpose of the project, the target audience of the project, how the end-product should be used and any required features [56]. As seen in the produced requirements sheet, the purpose of the implementation is to provide an easy method of accessing verifiable and reliable benchmark data from a variety of hardware sources. The target audience of the implementation (in a commercial sense) would be computer hardware enthusiasts and companies and/or organisations searching for reliable data for their purposes. The web application should be used by allowing users to enter a page where they are able to choose which hardware specifications they would like to view through choice. The requirements are as follows:
	
· Must provide a familiar and easy to use design.
· Must allow users to view extra information oh hardware, such as description, benchmark score etc.
· Must allow users to see the purpose of web application.
· Must have a professional design.
· Must allow users to select which hardware information they would like to see at a time.
· Must allow users to navigate multiple pages.
 
The requirements sheet as a baseline for the Minimal Viable Product. If the criteria of the requirements sheet are met, the implementation will be deemed a success. Please see Appendix 8 to view project implementation requirements document. Full requirements document is included with code submission. File location “Project Append -> Project Implementation Requirements Sheet”.

4.1.2. [bookmark: _Toc38852521]Methods.
The last step that must be taken before producing the protype design is identifying the design methods that will be used when producing the prototype design. Commonly, when building and/or designing web pages/applications, there is an 8-step process that should be followed. These steps being Project definition, Project scope, Wireframes and site architecture, Visual Design, Site Development, Site testing, launch and finally maintenance [57]. Firstly, the projects definitions and scope have been handled due to the creation of the requirements document. This defines the projects purpose and outlines the minimal viable product of the implementation to prevent scope creep [58]. 
Wireframes and site architecture will be followed as this ensures all key pages within the web application have been considered and all relationships between pages have been considered. 
The next step that will be followed closely is visual design, this is an important step. After the wireframe of the site has been completed, the design can be built around that. Inspiration will be taken from a variety of web pages and notable companies. The list of researched web pages are as follows. Google [59], Microsoft [60], YouTube [61], Apple [62] and Wrike [63]. One of the design aspects that all of these web pages have in common is the styling of a three-section layout, this being a header section, a main body section and a footer section. The header sections across all sites seem to follow a layout of having the brand logo on the left and the navigation of the site on the right. The body of all of the sites contain all the focused/relevant content of the site. The footer sections of all the sites seems to contain legal information and site-mapping. Another design aspect that seems to be common among most of the sites is that they provide visual lightness mode switcher, for instance the ability to switch between a light mode and a dark mode. Another similarity all the sites share is that they use a tile design, this is for the presumed purpose of providing information in small sections as to not overwhelm users with information. All of these aspects will be taken into consideration when producing the early prototype design. The next steps after visual design involve the process of development and post launch development, which are not relevant to the design section of the report. NOTE* references [58-62] serve no academic purpose, however they serve as a reference to the design of each page.

4.1.3. [bookmark: _Toc38852522]Prototype Design.
Please see Appendix 9, 10 and 11 to view prototype designs for the web application implementation. The prototype designs are improvements of the early concept designs shown in the interim viva. Firstly, as seen in all prototype designs, the header and footer sections have implemented the patterns found in the researched web page designs, where the brand logo located in the middle right of the header and the navigation bar is located in the middle left of the header. The main bodies of each page each page also include the desired main, focused content of the page, however, each main section implements the tile design found in the researched web page designs. The footer section also contains legal information pertaining to the project. However, sitemap content was foregone as the relation of each page is progressive. Finally, the prototype designs implement a mixture of both light and dark modes, however, the lightest colour adopts a darker tone to prevent too harsh of a contrast between the colours. 

4.1.4. [bookmark: _Toc38852523]Factors and Reasoning.
Each decision behind the choices around the design of the prototype design has valid reasoning. The reasoning behind the design of the layout of the pages, such as branding on the left and the navigation located on the right of the header, tool starting capability located further down the left and copyright information being centred left is due to the “Reader F Pattern”. In web design, it has been documented that readers and visitors to a web page scan from left to right in sections. For example, a reader will scan from left to right on the header, then move down to the left of main section and repeat the same actions until attention is lost by the visitor [64]. Please see Appendix 12 for an example of the “F Pattern” [65]. 
	The reasoning behind the semi hybrid dark mode and light mode, however the focus is on the dark mode, is that, from a study conducted by Harvard University Medical School, screens emit a subtle blue light into people’s eyes people use devices of any kind, and in this study it was found that blue light emitted from screens supress the creation of a bodily hormone known as melatonin. Among other properties, melatonin is one of the primary hormones which determine how tired a person feels. As blue light supresses melatonin, prolonged exposure to blue light can cause sleep deprivation through interfering with people’s natural sleep schedules [66].  

4.2. [bookmark: _Toc38852524]Implementation. 
This section of the report discusses notable events that happened during the production of the web application implementation. Testing will also be performed and discussed.

4.2.1. [bookmark: _Toc38852525]Problems and Overcoming.
During the production of the web application implementation, there were little problems that had to be faced, as the implementation was built using knowledge gained from the time at university. However, there were a few that rose. One of these problems being a lapse of judgement in SQL data querying and PHP/HTML mixing. During the production of the web application, PHP was used to create an IF statement that contained HTML code to display information cards for the amount of data entries found in the database. This in turn would reduce the amount of code used in the project, reducing file size, and increasing efficiency. However, as Visual Studio code uses colouring systems to differentiate programming languages and types of code, the colour coding for HTML and PHP are almost identical, this meant while trying to display the HTML, the IF statement was placing the information cards outside of the current section. Also, a similar situation arose with SQL statements where the data could not be fetched from the database. These problems were eventually overcome by re tracing the “steps” in the code so to speak, after carefully looking through the code and identifying misspelt statements and wrongly placed code, the problems were rectified. 
Another problem arose during the design of the web application. While developing the front-end design of the website, a 3rd party class library known as Bootstrap too enhance to fluidity and design of the web application. However, as the library is class library, that means it contains a vast quantity of pre-defined CSS classes to be used on HTML elements. The classes are pre-definitively named, and this did cause conflicts with back-end CSS styling as class names such as “card” and “btn” are pre-defined and overwrote any styling attempted on the class. This problem was eventually discovered and rectified by searching document wide for keywords, such as the aforementioned class name, then the personally created class name were changed to avoid any further conflicts. 

NOTE* Use of these 3rd party libraries have been acknowledged in the implementation files of the project. However, references shall be included in the report for full accreditation. Bootstrap [67]. Hover.css [68].

4.2.2. [bookmark: _Toc38852526]Testing.
In relation to the 8-steps of web design, site testing is the sixth step of the process. The testing of the web application was separated into 4 different sections, these being Unit testing, System testing, Usability testing and Acceptance testing. Firstly, unit testing was performed by creating a separate testing document along with a test database. Blocks of code were then copied into the testing document and intentionally changed and broken to create an error. The errors were then understood, and the code was slowly fixed and while still keeping track of errors to see if the final working code was the correct way of implementing. 
	System testing as a whole was performed by performing micro unit testing throughout the development of web application. This is a technique derived from white box testing in software development [69]. However, when the implementation was completed. Test data was inserted into the database and the web application was launched. All code-based implementation was tested individually if any errors arose, these problems would be dealt with individually. 
	Usability testing was conducted personally by author. The interface was tested by visiting each page individually and attempting to spot any flaws in asset positioning, colour differences and by looking at the flow of the design (relating to the F Pattern). Usability testing was also conducted by attempting to view the web application on mobile and/or smaller devices. This test came back severely. To rectify this, bootstraps library of container, rows and column system was retroactively added to the code. Also, pixel parameters for styling the front-end were modified from definite pixel sizes to percentages. 
	Finally, acceptance testing was performed during the prior testing phases of the implementation. As bugs were being found and visual problems were occurring, these problems were being fixed as they were identified. At the end of the prior testing phases, one more final observation of the web application was conducted to try and identify any more problems. No problems were found during the acceptance test.  

4.3. [bookmark: _Toc38852527]Conclusion. 
In conclusion, the overall design process of the web application was discussed by creating a requirements document, the methods behind the design were detailed, a prototype design of the web application was created using the previous discussions and finally the factors and reasoning behind each choice of the prototype design were detailed. The Implementation of the final web application was discussed by discussing the problems that occurred during development and how these problems were overcome. Testing of the implementation was also discussed by detailing the 4 steps of testing performed on the final implementation. Now that the implementation has been completed and the ability to add hardware information has been implemented into the web application. The next objective is to gather both the primary and secondary benchmark data. The secondary benchmark data will be gathered first. 
5. [bookmark: _Toc38852528]Data Gathering (Benchmarks of non-accessible hardware.)
In this section of the report, research and/or data gathering will be conducted to gather benchmark data of hardware that is not accessible in the scope of the project. The hardware that will be researched will be CPUs, GPUs, RAM and Non-volatile storage devices (shortened to Disks for simplicity). Two pieces of hardware will be selected, afterwards, multiple sources of data will be gathered, and trends will be identified. If the trends are in close proximity (in terms of benchmark scores). The data will be gathered, averaged, and used for the project. 

5.1. [bookmark: _Toc38852529]Hardware.
5.1.1. [bookmark: _Toc38852530]CPUs.
As the primary benchmark data was gathered using Cinebench R20, the secondary data that will be collected will also need to be in Cinebench R20 format. Another requirement that would preferable be met, as that CPUs that were used for primary data gathering were air cooled and non-overclocked, the secondary benchmark should also be air cooled and be non-overclocked to maintain fairness. The first CPU that will be researched is the Intel Core i7 8700K. The results are gathered from a dedicated PC hardware enthusiast forum board known as Overclockers. Three air cooled, non-overclocked scores have been found, these being 3360, 3890 and 4150, these scores average out to 3800 [70]. 
	The second CPU that will be researched is the AMD Ryzen 7 2700X. The results are gathered from the most discussion forum, Reddit, however, the results are posted within an officially moderated “sub-reddit” specifically for AMD hardware. Three air cooled, non-overclocked scores were found, these being 3841, 4060 and 4111, these scores average to 4004 [71]. 

5.1.2. [bookmark: _Toc38852531]GPUs.
Like the CPU secondary data gathering, the GPU secondary data gathering must follow the same requirements. The primary benchmark data was gathered using 3DMark TimeSpy, therefore the data gathered should be derived from 3DMark TimeSpy. Also, the graphics cards should not be overclocked. The first GPU that will be researched will be the Nvidia GeForce RTX 2080Ti. 3DMark, unlike most benchmarking services, 3DMark allows users to upload the results files directly to their website and be searched, however this functionality is limited as the data is not averaged. All results are derived from the official 3DMark website. The results found for RTX 2080Ti are 17635 [72], 17538 [73] and 17210 [74]. These results average to 17461.
	The second GPU that will be researched is the Nvidia GeForce RTX 2060. As like the previous GPU secondary data gathering, the data will be gathered directly from 3DMark, to ensure reliability. There are only 2 results available, this could be down to many reasons, however the most probable reason is that Nvidia released an enhanced model of the RTX 2060 known as the RTX 2060 Super. As the card is more powerful and costs roughly the same price, this could be a possible reason due to far more Super variant secondary benchmarks are available from 3DMark. The 2 results are 7806 [75] and 8103 [76]. These results average out to 7954.


	NOTE* 3DMark TimeSpy uses three forms of scoring, an overall score, a graphics score and a CPU score, that data that has been gathered from both primary and secondary sources uses the graphics score, as the there is no interest in the CPU score or the overall score. 

5.1.3. [bookmark: _Toc38852532]RAM.
As previously mentioned, the benchmarking software that was used to gather the primary benchmark data for RAM was RAM UserBenchmark. However, unlike most benchmarking services, UserBenchmark records other users’ benchmarks, stores them, and adds them to the appropriate section. Afterwards, an average score of the hardware benchmark is created from the pool of available benchmark data. With this knowledge in mind, it is possible to search for specific hardware and acquire this data. The first RAM selection that will be researched is the Corsair Vengeance 32GB 3200mhz. With benchmark data gathered from over 33,462 unique benchmarks, the average percentile of this RAM selection is 87.3% [77]. 
The second RAM selection that will be researched will be the HyperX 16GB 3200MHz. With benchmark data gathered from over 2,711 unique benchmarks, the average percentile of this RAM selection is 82.4% [78]. How UserBenchmark scores are defined is by “UBM effective speed”. UBM effective speed is a measurement whereby performance is valued most with the de-emphasis on deep-queue depth data transfer [79]. 

5.1.4. [bookmark: _Toc38852533]Disks.
The final set of hardware that secondary data will be gathered Non-volatile storage. The requirements for the gathering of data simply should be, any secondary benchmark data gathered on Disks should be derived from ATTO Disk Benchmark. The first non-volatile storage device that will be researched is the Samsung 860 EVO 500GB SSD. The first source of information provides us with 537.82MB/s Reads and 512MB/s of Writes [80]. Unfortunately, there are no other sources which utilise ATTO Disk Benchmark, however another tool used is known as CrystalDiskMark, which is popular Disk benchmarking tool. One source which uses crystal disk mark displays 561.2MB/s reads and 525.9MB/s writes [81]. Together, these average 549.21MB/s reads and 518.95MB/s writes.  
	The second non-volatile storage device that will be researched is the Seagate ST2000LX001 2TB SSHD. Unfortunately, as with the previous storage device, the preference for disk benchmarking lies in Crystal Disk Mark, and not with ATTO, therefore, unfortunately, these results will be used. The first source provides read speeds of 141.4MB/s and writes of 130.0MB/s [82]. The second source provides read speeds of 127.4MB/s and write speeds of 120.5MB/s [83]. These average to a total of 134.4MB/s read speeds and 125.5MB/s write speeds.

5.2. [bookmark: _Toc38852534]Conclusion.
In conclusion, two pieces of hardware from each hardware category has been researched and the benchmark results have been collated. The two pieces of hardware researched in the CPU section are the Intel Core i7 8700K, which achieved an average score of 3800 and AMD Ryzen 2700X, which achieved an average score of 4004. The two pieces of hardware researched in the GPU section are the Nvidia RTX 2080Ti, which achieved an average score of 17461 and the Nvidia RTX 2060, which achieved an average score of 7954. The RAM researched is the Vengeance 3200Hmz 32GB, which achieved an average percentile of 87.3% and the HyperX 32GB 3200MHz, which achieved an average score of 82.4%. The two pieces of hardware researched in the Disk are the Seagate 2.5-Inch 2 TB FireCuda Internal SSHD, which achieved an average score of 134.4MB/s reads and 125.5MB/s writes.  The Samsung SSD 860 EVO, which achieved an average score of 549.21MB/s reads and 518.95MB/s writes. All collected data will now be stored in an Excel document, which will be appended along with project implementation. Now that all pre liminary secondary data has been gathered. The primary data will be gathered.
6. [bookmark: _Toc38852535]Analysis.
In this section of the report, analysis of the final aggregated benchmark data will be conducted, and analysis of the final web application implementation will be conducted. This is possible due to the completion of both benchmark data gathering and the web application implementation. 

6.1. [bookmark: _Toc38852536]Final aggregated benchmarking results.
Please see Appendix 13 and 14 to view project benchmark data. Full data sheet is included with code submission. File location “Project Append -> Project Benchmarks”. 
As seen for the CPU section, 5 CPUs benchmark data was gathered, these being the Intel Core i7 7700K, Intel Core i7 7700HQ, Intel Core i5 7400, Intel Core i7 8700K and AMD Ryzen 7 2700X. The Core i7 7700K managed to score and average of 2166.4, the Core i7 7700HQ managed to score an average of 1733, the Core i5 7400 managed to score an average of 1286.8, the Core i7 8700K managed to score an average of 3800, and finally, the Ryzen 7 2700X managed to score an average of 4004. 
Next, as seen in the GPU section, 5 GPUs benchmark data was gathered, these being the Nvidia GeForce GTX 1080Ti, Nvidia GeForce GTX 1060, Nvidia GeForce GTX 1050Ti, Nvidia GeForce RTX 2080Ti and Nvidia GeForce RTX 2060. The GeForce GTX 1080Ti managed to score an average of 8470.6, the GeForce GTX 1060 managed to score an average of 2915.8, the GeForce GTX 1050Ti managed to score an average of 2309.8, he GeForce RTX 2080Ti managed to score an average of 17461, and finally, the GeForce RTX 2060 managed to score an average of 7954.5. 
Next, as seen in the RAM section, 5 types of RAM benchmark data were gathered, these being the Micron 8GBx2 2400Mhz DIMMs, the Micron 8GBx2 2400Mhz SODIMMs, the Crucial 8GBx2 2133MHz DIMMs, the Corsair Vengeance 32GB 3200mhz DIMMs, and finally, the HyperX 16GB 3200MHz DIMMs. The Micron 8GBx2 2400Mhz DIMMs managed to place, on average, in the 76% percentile. The Micron 8GBx2 2400Mhz SODIMMs managed to place, on average, in the 74.30% percentile. The Crucial 8GBx2 2133MHz DIMMs managed to place, on average, in the 71.58% percentile. The Corsair Vengeance 32GB 3200mhz DIMMs managed to place, on average, in the 87.30% percentile. Finally, the HyperX 16GB 3200MHz DIMMs managed to place, on average, in the 82.40% percentile.
Finally, for benchmark data gathering, is Disk benchmarking. As seen in the DISK section, 6 non-volatile storage device’ data was gathered, these being the Seagate ST2000DM001 2TB HDD, the HYNIX SL308 HFS250G32TND-N1A0A 256GB SSD, the Samsung MZVLV256HCHP-00000 256GB SSD, the Seagate st1000dx002-2dv162 1TB SSHD, the Seagate ST2000LX001 2TB SSHD, and finally, the Samsung 860 EVO 500GB SSD. The Seagate ST2000DM001 2TB HDD on average manage to produce 145.34MB/s reads and 137.65MB/s writes. The HYNIX SL308 HFS250G32TND-N1A0A 256GB SSD on average, managed to produce 523.37MB/s reads and 468.97MB/s writes. The Samsung MZVLV256HCHP-00000 256GB SSD on average, managed to produce 1.21GB/s reads and 290.49MB/s writes. The Seagate st1000dx002-2dv162 1TB SSHD, on average, managed to produce 103.78MB/s reads and 134.26MB/s writes. The Seagate ST2000LX001 2TB SSHD, on average, managed to produce 549.21MB/s reads and 518.95MB/s writes. Finally, the Samsung MZVLV256HCHP-00000 256GB SSD, on average managed to produce 134.4MB/s reads and 125.5MB/s writes. 

6.2. [bookmark: _Toc38852537]Final web page design and Justification.
Please see Appendix 15, 16, 17 and 18 for screengrabs of the final design of the web application implementation. As seen in all images of the website. It is visible that the design was modified from the prototype design, however not by much. The first aspect that was changed from the prototype design is that a full dark mode was utilised for the final design, a hybrid design contrasted too much. Another change from the prototype design is that the flow of the web application was improved by simplifying the core tile design of the prototype design while enhancing a simpler and minified design. As going through multiple pages to reach a small amount of hardware information seemed counter intuitive. Also, referring back to the requirements document. All requirements were met. The design was inspired by many noteworthy companies; therefore, the experience and traversal of the web application should feel familiar and easy. Extra information for each piece of hardware was provided while also providing the key information. Users are able to see the purpose of the web page due to the creation of a “About Us” page. As previously mentioned, the design was heavily inspired by a number of high-profile companies. The design was kept minimal and professional while maintaining a familiar feeling. Users are able to choose which hardware information they would like to view through animated dropdown sections which only display the selected hardware. This enhances the user experience through providing a less cluttered interface. Users are able to navigate between pages through using the navigation bar.   

6.3. [bookmark: _Toc38852538]Conclusion.
In conclusion, through analysing the data gathered from the primary benchmark data and the secondary benchmark data, clear performance disparities can be seen. One example of this being lower tier GPUs with lower clock speeds, lower amount of VRAM etc, in gaming performance, cannot compete with higher GPUs with higher clock speeds and turbo speeds, higher amounts of available VRAM, higher memory speeds ETC. Another example if this being CPU performance continually increasing and, as like the GPUs, lower tier CPUs, such as older generations of CPUs, CPUs with lower core counts, CPUs without the ability to use hyperthreading etc, in terms of workstation load and daily, are unable to compete with higher tier CPUs with features such as newer generational architectures, higher core counts, higher IPC rate, higher thread count etc. 
	Also, through analysing the final design and functionality of the web application implementation, it was shown that the prototype design was followed, however aspects were changed in the final design to enhance the user experience, for example providing all the information on page and providing a full dark mode experience. It was also shown that the requirements sheet was followed, and the minimal viable product was achieved. 
7. [bookmark: _Toc38852539]Evaluation. 
In this section of the report, the outcomes of the project in both benchmarking and web application benchmarking will be compared to the aims and objectives created at the beginning of the project to determine if the project has been successful. Firstly, the first aim of the project was met (to an extent). Most of the desired computers were successfully benchmarked, however some computers were available to test and benchmark due to the COVID-19 pandemic. The first objective of the first aim was met successfully as all appropriate benchmarking software was researched, and subsequently quired, which in turn means the second objective was met. The third objective was met successfully as all benchmarks conducted on all computers and each individual hardware piece was benchmarked five times and the data was stored and averaged within an excel document, as evidenced by the benchmarking sheet, discussed earlier in the report. Which subsequently means the fourth objective was met successfully. 
	The second aim of successfully implementing the web application was also achieved. The first objective was met through the research conducted into the required resources necessary to complete the project, in the methodology section of the report. The second and third objectives were also met successfully as during the Design and Implementation section of the report, potential designs for the web application were researched by viewing web pages that belonged to notable companies such as apple, google etc. Subsequently, from the research, a prototype design of the web application was created. The fourth objective not met due to the pressures of the COVID-19 pandemic limiting potential design time. However, the final design was a close representation of the prototype design, albeit with a few changes which enhanced the overall design of the website. Both the fifth and sixth objectives were completed due to rigorous code testing and design testing, mentioned previously in the report. 
	The third and final aim of gaining a further understanding of the subject was met. The first objective of researching topics during the course was met primarily during the literature review where a vast amount of information was gathered, and possible future research was found. The second objective was partially due to implementing a substantial amount of information into the literature review, however a lot of subjects with relation to the project subject had to be quashed to ensure the project was not side-tracked. Finally, the third objective has been met due to subjects that were found during the course of the literature review will be researched after the conclusion of the project. 
8. [bookmark: _Toc38852540]Conclusions and Recommendations. 
In this section of the report, the project will be concluded and summarised by summarising all sections of the report and detailing the project findings. Also, recommendations for further research after project completion will be discussed. 

8.1. [bookmark: _Toc38852541]Summary and Conclusion. 
In conclusion of the project, the literature that was researched during the literature review found to be highly useful, relevant and mostly up to date, some literature was quite old but the information held within will prove useful for further study. A research methodology was created to aid in development of the project. This was done by identifying the aspects such as philosophy, strategy, the risks, and limitations that could upon the project, identifying project resources etc. The design of the project implementation was discussed by researching potential design ideas and creating a prototype design that based upon said research. The completed implementation of the project was also discussed, by detailing what problems occurred during development, how these problems were overcome and by detailing the testing methods after the conclusion of the implementation to ensure a working product. After the implementation was completed, the data gathering for the benchmark data began, firstly by researching into secondary data that could support the primary data that was gathered after the gathering of the secondary data. Upon conclusion of gathering the necessary secondary data, the primary benchmark data was gathered by following the research and data gathering methodology created earlier in the project. The data was stored in a document. Finally, both the web application implementation and data gathering processes of the project were detailed by outlining the final outcomes of both parts of the project. 

8.2. [bookmark: _Toc38852542]Recommendations for further research. 
Throughout the literature review, the methodology research and the design and implementation sections of the report, there were may subjects that brough attention and deemed further research. One of these subjects being effective benchmarking methodologies. Some aspects of benchmarking methodologies found within the literature review were used, however, there were a great many that were not used and these will be researched into further, as if a project of this subject arises in the future, the methodologies with more detail could be extremely useful. Another potential avenue of research that opened during the research into relevant literature was to learn how computer hardware is produced and what specifically makes up computer hardware. A Basic understanding of the subject is held however, with the additional knowledge, possibilities could open in the future, such as creating a benchmarking tool from scratch, which would not be possible current understandings of the subject. 

9. [bookmark: _Toc38852543]Reflection. 
After project completion, the project is deemed a success due to a few major factors. One of the primary factors being that the aims were fully met and the vast majority of the objectives within the aims were met. The project was completed on time, the projects purpose was served, and knowledge was gained throughout the course of the project. Aspects within the project that succeeded also added to the overall success of the project, such as requirements documents being created, and the requirements being met at the completion of the implementation. However, there are a few aspects of the project that could have been improved such as time management. As a whole, time management was not a detriment, however, some pitfalls occurred while not correctly anticipating the amount of work that was required to complete other assignments. This, in-turn, did chip away at the total available time that could be spent on the project. Another negative reflection comes in the form of the COVID-19 pandemic, with full understanding that nothing could be done to prevent the outbreak, it was highly unexpected and did affect the project greatly in some respects. The outbreak was mentioned during the risk identification phase of the project, however the scale of the damage the virus has caused was underestimated and the project was not fully prepared for the pandemic and the resulting consequences of said pandemic. 












10. [bookmark: _Toc38852544]Appendices. 
10.1. [bookmark: _Toc38852545]Appendix 1. 
[image: ]Current iteration of local backup.

10.2. [bookmark: _Toc38852546]Appendix 2. 
[image: ]Current iteration of external drive backup.











10.3. [bookmark: _Toc38852547]Appendix 3. 
[image: ]Current iteration of external cloud storage backup.

10.4. [bookmark: _Toc38852548]Retroactive Appendix 4.  
Official university email concerning COVID-19 campus closures. This appendix was added in retro actively and slotted in the correct position according to the report to maintain flow. 
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10.5. [bookmark: _Toc38852549]Appendix 5. 
Example of computer background processes shown through Task Manager.
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10.6. [bookmark: _Toc38852550]Appendix 6.
[image: Characterization of goal-based evaluation of IT-systems as such ...]Example of goal-based data evaluation sheet.







10.7. [bookmark: _Toc38852551]Appendix 7. 
Diagram of “Waterfall” software development methodology.
[image: Waterfall Methodology in Software Development]

10.8. [bookmark: _Toc38852552]Appendix 8.
Project implementation requirements document.
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10.9. [bookmark: _Toc38852553]Appendix 9.
[image: ]Prototype design for the Home page. 


10.10. [bookmark: _Toc38852554]Appendix 10.
Prototype design for the hardware selection page.
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10.11. [bookmark: _Toc38852555]Appendix 11. 
[image: ]Prototype design for the results page. 


10.12. [bookmark: _Toc38852556]Appendix 12.
[image: ]Example of the “F Reading Pattern” in web design.


10.13. [bookmark: _Toc38852557]Appendix 13.
Image 1 of completely gathered primary and secondary benchmark data.
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10.14. [bookmark: _Toc38852558]Appendix 14.
Image 2 of completely gathered primary and secondary benchmark data.
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10.15. [bookmark: _Toc38852559]Appendix 15. 
Image of home page with collapsed menus.
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10.16. [bookmark: _Toc38852560]Appendix 16.
Image of home page with un-collapsed menus.	
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10.17. [bookmark: _Toc38852561]Appendix 17. 
Image of testing page.
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10.18. [bookmark: _Toc38852562]Appendix 18.
Image of about-us page.
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Dear Al

We recognise that the coronavirus outbreak Is unprecedented and are therefore Implementing special measures to support our
students and staff. The University considers the safety and well-being of its learning community as the utmost prioriy.

The University has been closely monitoring the recommended advice from the UK government and public health authorities to
minimise the risk of potential spread of the virus within our leaming community. Our concer is the Safety of our students, staff
and visltors. We thank you for your support and patience during this dificult time.

Suspension of classroom-based teaching
Gampus delivery of teaching will be suspended with immediate effect until Monday 20" April n the first instance. The
University has asked Institutes to move to online elivery of programmes and assessment where possible from Monday 23"
March. Existing distance leaming classes will continue as scheduled

You will receive further information directly from your Institute or Leaming Centre about what this means for your programme of
study.

Please check Moodle regularly for updates on your modules and contact your tutors f you have questions. Where oniine
delivery is not possible, tutors will be in contact to inform you about the way forward,

‘Supervision and other one-to-one meetings wil continue through Skype for Business which is part of our Office 365 package
which you can download.

Unless otherwise advised, please continue to work on your assessments using the materials available online through Moodle
and the Online Library.

If you have concems about equipment or your ability to connect to the intemet, please contact the Hwb (nwh@uwisd.ac.uk).
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