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This project dissertation paper is dedicated to the research and development of a system monitor program for Windows. 
The research portion will cover various existing examples of system monitor utilities with overviews for each example as well as touching upon their positive traits and negative traits too. Such examples include Conky, CPU-Z by CPUID, Windows Task Manager, and Speccy by Piriform. After this, a conclusion has been written up to determine what has been learnt from the examples researched and how what has been learned can be applied to the project itself. From this. Reasonable conclusions can be made to determine what a new system monitoring program will need to be successful and what features such a program needs to be considered useful.
After this, the development section of the dissertation paper will begin. This chapter will disclose the initial plans for the program, how is it going to be developed? What IDE will be used? What coding language will be used? Are there any prerequisites that need to be taken into account before full-scale development is started? In addition to this introductory piece will be the code overview discussing how the program was written. 
After this section has been written up, there will be an evaluation process to sum up how the project went and what was learned throughout the experience followed by a final conclusions section to wrap up anything else that warrants mentioning.



[bookmark: _Toc112832832]CONTENTS PAGE   

ACKNOWLEDGEMENTS	2

ABSTRACT	3

CONTENTS PAGE	4

INTRODUCTION	5
	Overview & Objectives
	Project Structure
PROJECT RESEARCH	7
	A Brief Introduction
	Overview - What is a System Monitor?
	Relevant Examples – An overview of Existing Options Already Available
	Conclusion – What can be learnt from these examples?
DEVELOPMENT OVERVIEW	16
	Prerequisites – What is the plan of action (coding languages, inspirations, and layouts)?
	Design Methodology – An overview of each program file and what they do
PROJECT EVALUATION	17
	Post-reflection – How did the project go?
	Potential Improvements
FINAL CONCLUSIONS	18

APPENDICES	19
	Program Code Sample
REFERENTIAL INFORMATION	33




[bookmark: _Toc112832833]INTRODUCTION

OVERVIEW AND OBJECTIVES
The project, as the name of it implies, is to develop a utility that monitors the status of a computer’s hardware. This includes real-time statistics on CPU & GPU names, temperatures, clock speeds, usage, etc. The idea is to make a utility that the average end-user will be able to understand and use without much in the way of confusion or irritation. The end program needs to be of a standard that any end user with basic knowledge of a computer system and its components can boot up the program and understand what is being presented to them.
The first objective of this project is to conduct research into what constitutes as a “System Monitoring Utility”. What SHOULD a program like this one contain exactly? Should they be in-depth & substantial offerings or something of a smaller scale? what is expected of such a program in the current year? What do current offerings from other companies already offer? What could a new utility bring to end users which previous attempts/offerings have not managed to do in the past and is it even feasible and worthwhile to make a simplistic utility program like the one being envisioned here? These are all questions that will hopefully be answered properly through the research conducted.
The second objective once the main research is taken care of and concluded, is to actually make the program itself. From here, several more questions need to be pondered upon: What programming language should be used to develop this program? Will third party resources be required in order to aid the development of this utility? What environment (Integrated Development Environment or IDE for short) will this program be developed in? What skills, experience, and knowhow will be required and how long will this development endeavour take?
From this summarisation, two primary objectives can be put into place in order to help direct and organise this project. Those are:
1. Research into current market trends to determine what a current monitoring utility may need in today’s world.
2. Look into what is required to develop a program such as this. Are any third-party resources needed in order to help the program along for example and what coding language is needed to develop this program?
The idea for this program is to display a user’s computer data in a simple and easily read format. Information such as the CPU clock, temperature, details like its CPU codename, CPU name, GPU clock, memory capacity, GPU name, RAM solution & amount, clock, etc. Something of a combination between CPU-Z and HWMonitor is the ballpark idea here in regard to UI design but a bit more streamlined and easier to read.






PROJECT STRUCTURE
This project report will be split into several sections: 
· The Introduction and overview of the project 
· The Research component 
· The Development overview of the project 
· Evaluation
· Final Conclusions
· Appropriate References
A prelude to the project includes both the acknowledgments and the abstract for the project which both of which should have been read at this point. The abstract gives a general description of the project and what it is about to get readers up to speed before starting.
The first section is dedicated to the summarisation of the project itself and what it is about. From here, the reader can gather an idea of what steps are going to be taken in order to get development off the ground and running. The kind of research that is going to be explored and discussed is touched upon here. There is also a description of what types of programs this project will come to resemble (HWMonitor and CPU-Z specifically). Also included is a couple of objectives have been laid down to clearly describe what needs to be done for the project to succeed as a whole.
The second section is dedicated to the research portion of the project. From here, all of the relevant information that needs to be compiled and looked into to gain a better understanding of the project’s objective will be here. This includes some research into existing examples of hardware monitoring programs and benchmarking tools, taking a look into competing company’s offerings and what they provide in their own programs, what they do well, what they don’t do as well, and what can be learnt from these examples when developing this project’s competing solution. More specifically, what can be sourced from these examples to help make this project’s solution even better. A decent variety of sources and information needs to be collected here in order to have an adequate amount of information to make a well-informed and directed decision on what needs to be done when developing the program for this project.
The third section of this report will be based on the development of the program itself and the thought and technical process that guided this development. This will be an overview so this section will discuss decisions made when designing the program, what opinions and thoughts allowed for that decision to be made, and screengrabs of the development process that would be good to talk about.
The next section of the project report will be on the evaluation of the project. From here, there will be a discussion on how the project itself went, what was learnt during the development process, and to determine if the project itself was an overall success. Things discussed will include the research turnout, the coding process and development of the utility program and any other relevant topics worth discussing.
Finally, after the evaluation section is complete, the next part will focus on any final conclusions that need to be made to close off this dissertation. Following this a section dedicated to the appendices and all of the referential information that point to all of the information sourced throughout this entire endeavour will be provided.
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A BRIEF INTRODUCTION
This chapter of the dissertation comprises all of the research conducted to help reach a better understanding of what a hardware or a system monitor is and what such a program would need before setting out to develop one from scratch. The first section of this chapter will include an overview of what a system monitor is and what types are available (software and hardware). Following that will be a section dedicated to various examples of system monitors available already. What does these offerings give end-users, what do they potentially lack in their services and what can be taken from them when developing a new system monitor from scratch? References will be provided of course in the references section of this dissertation.
OVERVIEW – WHAT IS A SYSTEM MONITOR?
A system monitor is a small piece of software that gives users real-time information on the current status of the hardware in their computers or related devices. This information can include things like CPU status (CPU name, architecture, codename, etc), clock speed, temperatures, usage. This information can also apply to the GPU too. Other information displayed can include statistics on the system memory (or RAM). This information can include things like the capacity of the memory, the current usage, and clockspeeds. In addition to this, information pertaining to connected storage devices including their capacity and read/write capabilities can also be included in the system monitor. One can also expect to find some information relating to the system motherboard too which holds all of this hardware together. Another piece of hardware that system monitors can keep tabs on are the devices keeping system temperatures at bay: Case fans and heatsinks. Through the software, users can see how these cooling solutions are performing and troubleshoot any potential issues that may arise. In addition to this, information pertaining to what tasks are running on the user’s system can also be displayed which can help in solving performance issues or issues causing input delay and sluggishness. A good example of this is the Windows Task Manager. These types of utility programs can usually be found pre-installed on a user’s operating system although various other standalone options also exist on the internet for people to download and use too. There are usually two types of system monitors available to use: Software and hardware monitors. Software monitors are found installed on the computer directly and provides real-time information on a screen connected to said computer, typically a user’s monitor. A hardware monitor is a physical device that plugs into a computer system, typically this device connects via USB. The information it keeps tabs on is displayed via a small digital display. Regardless of which type of system monitor is used by the user, it will return the same hardware diagnostic information.[endnoteRef:1]  [1:  Wielsen, G., 2022. What is a System Monitor? [online] EasyTechJunkie. Available at: https://www.easytechjunkie.com/what-is-a-system-monitor.htm [Accessed 24- August- 2022].
] 









RELEVANT EXAMPLES – AN OVERVIEW OF EXISTING OPTIONS ALREADY AVAILABLE
This section of the research chapter will discuss several notable system monitor programs that are available to use. Each example will have an overview of what they offer, their popularity, and what they potentially lack that other offerings provide.
[image: CPU-Z report]CPU-Z by CPUID –CPU-Z’s interface

CPU-Z is a piece of freeware software, developed by CPUID, that has been in active development since the late 1990s. CPU-Z main purpose is that it detects information about a computer’s CPU, motherboard, GPU, and Memory. The software gives detailed information and reports relating to these component’s current condition and status.  This information can prove invaluable when diagnosing potential issues and performance hiccups. A unique feature to CPU-Z is that users can submit their system specifications and performance results via a file upload to CPU-Z’s online database. From this database, users can compare their computer’s performance and status to other users who upload their own computer’s performance for references and comparison. CPU-Z also hosts a hall of fame for the best performing computers.[endnoteRef:2] [2:  Computerhope.com. 2020. What is CPU-Z? [online] Available at: https://www.computerhope.com/jargon/c/cpu-z.htm [Accessed 25 August 2022].
] 

One of CPU-Z’s main draws for users is the in-depth information that it provides on the individual components of one’s system. Everything down to the nanometre technology, instructions sets, and even the code name of the CPU for example is provided here which can give users more insight into the nitty-gritty details of their systems. One potential drawback that could be noted is that there is no sign of any temperature information which would render this system monitor sort of useless if one was hoping to diagnose any issues pertaining to overheating or any related issues. Another slight criticism although it can be considered subjective is the strictly utilitarian based interface. The UI serves its purpose but doesn’t do anything else to potentially spruce up its appearance to make it more pleasing to the eye.


[image: How to Use GPU-Z in Windows]GPU-Z by TechPowerUp –GPU-Z’s interface

GPU-Z, although sharing a similar name to CPU-Z, is not developed by CPUID but a group called TechPowerUp. There is no connection between the two. It’s a small utility program designed exclusively to providing users with information pertaining to their installed graphics cards. This utility will provide the name of the currently installed graphics card, its architecture information, firmware details, VRAM capacity, clockspeeds, temperature information among other things.[endnoteRef:3] One of GPU-Z’s best features is the near real-time sensor information it provides on the second tab which also allows users to choose how frequently it updates from intervals ranging between 0.1 and 10 seconds. GPU-Z will also allow users to select which sensors are active and being monitored which helps when narrowing down what information needs to be shown. The tailoring options here are very impressive indeed.[endnoteRef:4] [3:  P. Dandumont, Roundup: The Best Overclocking Software, Tom's Hardware, 2008. [Online]. Available: https://www.tomshardware.com/reviews/overclocking-software,2059-2.html. [Accessed: 26- Aug- 2022].
]  [4:  G. Berry, How to Use GPU-Z in Windows, Glenn's SQL Server Performance, 2021. [Online]. Available: https://glennsqlperformance.com/2021/05/28/how-to-use-gpu-z-in-windows/#:~:text=Sensors%20Tab,sensors%20are%20active. [Accessed: 26- Aug- 2022].
] 

One point of contention could be that the UI, like CPU-Z’s, is a little basic and not very pleasing to look at but this doesn’t necessarily have to be a focus when the end goal is to provide the end user with information. Plus, it could be argued that the program is free to use too. Another point of criticism is that the program only focuses on GPU information which wouldn’t be ideal to anybody who wants a more versatile program capable of providing information on all of the components of one’s computer.

[image: Graphical user interface

Description automatically generated]Conky – An example of one of Conky’s interfaces

Conky is a system software monitor (a fork of torsmo, another system monitor that isn’t developed anymore) that’s more known in the GNU/Linux space as opposed to Windows which it doesn’t support. Conky can be compared to similar to CPU-Z in that it covers various system variables including CPU information, memory, storage and disk space, as well as temperatures and networking statistics too which is some that CPU-Z does not provide information on. However, Conky is built off a widget foundation which allows it to be so customisable. This is something at CPU-Z does not share. One of the biggest traits of Conky is that it is extremely customisable and can be tailored to every user’s preference although there can be a little bit of a learning curve.[endnoteRef:5]  These widgets can be displayed on one’s desktop as an overlay. The widgets themselves can be edited and customised through a CLI or through a manager program.[endnoteRef:6] [5: Conky - ArchWiki, Wiki.archlinux.org, 2022. [Online]. Available: https://wiki.archlinux.org/title/conky. [Accessed: 26- Aug- 2022].
]  [6:  A. Sawires, What is Conky? | Make your Desktop Amazing! Youtube.com, 2015. [Online]. Available: https://www.youtube.com/watch?v=XTkYUUfewck. [Accessed: 26- Aug- 2022].
] 

The main issue with Conky is its inaccessibility to most computer users who are likely using Microsoft Windows instead of undertaking the hassle of installing a Linux Distro onto their machines to try this program. A notable alternative which is available to users of Windows is RainMeter which offers similar features. In addition to this, setting up the program and customising it can be considered a little tricky for those not used to interfacing with a CLI although managing programs do exist that can control Corky too.
  

[image: CPUID HWMonitor]HWMonitor by CPUID –HWMonitor’s interface

HWMonitor is a piece of freeware that provides users with real-time information pertaining to their computer’s voltages, temperatures, and also fan speeds. It can be considered a more in-depth variant of CPUID’s very own CPU-Z utility. HWMonitor comes in two forms, a free to use version and then a pro variant which requires a licence to be purchased but offers additional features like remote monitoring, graph generators and an improved interface (Allows for editable sensor labels for example).[endnoteRef:7] HWMonitor features a treeline style interface which grows in size the more options the user clicks on to expand. This makes it easy to read and allows for the closing of hardware information that the user doesn’t need to check on.  [7:  HWMONITOR-PRO | Softwares | CPUID, Cpuid.com, 2022. [Online]. Available: https://www.cpuid.com/softwares/hwmonitor-pro.html. [Accessed: 26- Aug- 2022].
] 

Critically speaking, why a pro version exists is sort of confusing since it doesn’t seem to offer much more than what the free option provides. Paying 19.95 a year for the extra features doesn’t seem worth it in the long run too. Especially when other freeware offerings like Conky or RainMaker exists which allow for full customisability without paying a penny. Another point that could be criticised is that the system monitor provides reads of information which for certain users may be considered a little overwhelming and difficult to understand. Perhaps a more stripped back option offering more focused pieces of information on the most important pieces of hardware in one’s system would be preferable instead of giving readings on nearly every single component which wouldn’t be relevant or necessary to the average user.
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Description automatically generated]Speccy by Piriform –Speccy’s interface

Speccy is a system monitor by Piriform (Who also develops the popular CCleaner, Defragger, and Recuva). It provides detailed information on a user’s system through a tree branching style interface which expands as the user clicks on each hardware option. All of this information is provided neatly and the UI as a whole is very pleasing and thoughtfully presented and makes searching for specific information a breeze. The summery option is a highlight of this particular piece of software since it provides all the information an average user who wants to learn more about their computer all the information they should really need or want to know about although a lot more detail is provided in each subsection of the program. In addition to this, it provides temperature gauges in metric measurements (°C or Celsius) with the option available for imperial measurements (°F or Fahrenheit) too in the options menu. Speccy also supports S.M.A.R.T. checks on mechanical hard drives which provides information on the health of any install HDD devices like temperature levels, spin-up times, read error rates, power-on hours and even more. Another handy feature is being able to save all provided information to either XML or text files, making exporting the data a breeze.[endnoteRef:8] [8:  Download Speccy | Find your computer specs, free! Ccleaner.com, 2022. [Online]. Available: https://www.ccleaner.com/speccy. [Accessed: 26- Aug- 2022].
] 

Another benefit of Speccy is its portability which allows it to be installed onto a memory stick for example and then loaded onto any computer it comes into contact with. This makes it an ideal tool for technicians or those with frequent experience in diagnosing or maintaining computers. The installation of the program itself is very quick with minimal fuss which is good for those with limited computing experience if this is their first time installing anything of this sort. One potential downside to Piriform’s Speccy is that it doesn’t support the ability to create reports of specific pieces of hardware. In addition to this, the program updates very infrequently which means any bugs or issues with the program itself is unlikely to be fixed for a long period of time (provided the bug is even reported to Piriform in the first place).[endnoteRef:9] [9:  T. Fisher, Not Sure What's Inside Your Computer? Find Out for Free with Speccy, Lifewire, 2022. [Online]. Available: https://www.lifewire.com/speccy-review-2625770. [Accessed: 26- Aug- 2022].
] 

Without a doubt, Speccy is the go-to program since it provides an intuitive interface to read information from, provides several options to extract that information for external use, it’s portability makes it a staple of any on-the-go technician’s memory stick, and doesn’t overwhelm users with the information it provides while still providing in-depth information that more experienced users would benefit from.
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Description automatically generated]Task Manager for Microsoft Windows –Task Manager’s interface

Task Manager is a utility that comes with Microsoft Windows that allows user to see what processes are currently running in the background of their systems. In addition to this, Task Manager provides insight into the available amount of resources plus how much of those resources are being used by these processes. Task Manager originally began as a side project by Microsoft employee David Plummer in the early to mid-1990s. Originally wishing to sell it as a piece of shareware, encouragement by co-workers convinced Plummer to merge the project with Windows in 1995 where it made its debut in Windows NT 4.0 in 1996 under the name ‘Windows Task Manager (TaskMgr)’.[endnoteRef:10] [10:  L. Tung, "Windows 10: The developer who wrote Windows Task Manager reveals its secrets", ZDNET, 2020. [Online]. Available: https://www.zdnet.com/article/windows-10-the-developer-who-wrote-windows-task-manager-reveals-its-secrets/. [Accessed: 26- Aug- 2022].
] 

Task Manager is a useful asset when purging the system of any troublesome programs that refuse to shutdown properly or to determine if something is using too much of the computer’s available resources and power. One of the other main points of merit (and also the reason why Task Manager is included in this research section) for Task Manager is the Performance tab which provides information relating to the user’s main system components including information on the CPU, GPU, storage devices, and system memory. This information includes utilisation, current clock, memory capacity (For the system memory and GPU video memory) and also provides statistics on the user’s network connection.[endnoteRef:11] [11:  T. Fisher, Task Manager: What It Is & How to Use It, Lifewire, 2021. [Online]. Available: https://www.lifewire.com/task-manager-2626025. [Accessed: 26- Aug- 2022].
] 

This utility can be accessed by pressing CTRL+SHIFT+ESC on one’s keyboard. Task Manager can also be typed into the start menu if this shortcut proves awkward to input where users can pin a shortcut to the taskbar or the start menu if they wish. Another way is by opening the Windows Security Screen by pressing CTRL+ALT+DEL. 
Task Manager warrants mentioning due to it being included in Microsoft Windows by default and comparable counterparts existing on MacOS and Linux too (either preinstalled or with third-party options existing to fill that void). It provides users with the basic information they would need to identify what is in their system and how it is performing. It could be argued that Task Manager’s focus isn’t that of a system monitor but of a resource monitor instead, but a counter point is that the same information found in other offerings can also be found here, if less detailed.
[image: Diagram

Description automatically generated]RainMeter –An example of one the many 
RainMaker skins available

RainMeter is a desktop customisation tool that has been developed for Windows. It was originally a small project started by Kimmo ‘Rainy’ Pekkola in the early 2000s and is written in C++ whereas RainMeter’s plugins are written in either C++ or C#. It allows users to activate and display widgets on their desktop that displays various pieces of information and tools for the user’s convenience. These widgets are known as “skins” and come in many variations and designs. In addition to making one’s desktop look more personalised and fancier it can provide things like weather reports, audio players, application launchers and, most importantly, system monitoring statistics like CPU, GPU, and memory usage, and temperatures without having to open up a program. RainMeter is also designed to be as economical and efficient as possible by taking up as little resources as possible which makes it a feasible option for most PCs running Windows 7 to Windows 11.[endnoteRef:12] [12:  Rainmeter.net. n.d. RainMeter, desktop customization tool. [online] Available at: https://www.rainmeter.net/ [Accessed: 27- August- 2022].
] 

RainMeter is a useful program as it can provide various features and information usually tucked away in separate programs or menus in one location to be displayed at the user’s convenience. In addition to this, All of this information is able to be customised and tailored to however one wishes it to be displayed and organised and this extends to what system information the user wishes to keep tabs on. A good merit of RainMeter is that it is frequently updated and has a detailed list of release notes plus news of upcoming releases so anyone using the tools can be kept in the loop of upcoming features and releases. Another good point to mention is that RainMeter is completely open source which means anybody can contribute to the code development, fork off and make their own variants of the program, modify existing and create custom skins to be used. All of this makes RainMeter a very robust toolkit. And to top that off, the community is very active and friendly which makes troubleshooting or getting involved that much easier. The main drawback is that if all the end user wishes to have displayed on their desktop is basic software information, then maybe something like RainMeter is a little overkill since it provides all of these extra features on top of that functionality which will likely go to waste. Perhaps something more directly focused on providing software monitoring tools instead of fancy looking desktop designs and excess widgets would be more preferable to the user.
CONCLUSION – WHAT CAN BE LEARNT FROM THESE EXAMPLES?
This concluding part of the research chapter focuses on what has been learned throughout the examples compiled and studied. This reflection will then hopefully be used to better the end product being developed for this project. 
One of the immediate things that can be taken is that a lot of the big offerings available have a very similar visual design and UI setup. GPU-Z and CPU-Z look virtually identical to each other. Speccy is a more refined and professional looking program in comparison and is much more pleasing to the eye. It’s organisation makes the information easy to take in and the summery page is a highlight since it showcases each hardware component and summarises all of the information so that anyone with basic computing knowledge is going to be able to understand what they’re reading. Several of the more abstract examples also worth mentioning here. RainMeter and Conky are broader in their scope and use case, providing widget-based interfaces which can be placed on one’s desktop for their convenience. The one thing which makes this offering a little less palatable is that Conky and RainMeter are not system monitors traditionally and offer a lot more than hardware sensor readings. RainMeter and Conky can provides its users with weather reports, audio player interfaces, news updates and calendar data too. Windows Task Manager is a bit more focused in that regard, offering users real-time statistics on what resources are being used to run what processes or applications in addition to the usual run down of what installed hardware resides in the system. It also offers the ability to terminate these processes forcefully too if necessary although this project’s program doesn’t strive for this functionality.
Each example listed above offers at least some ideas of what can be adapted for the new program being developed. These ideas will be discussed in an upcoming section under the “Development Overview” chapter.

[bookmark: _Toc112832835]DEVELOPMENT OVERVIEW

PREREQUISITES – WHAT IS THE PLAN OF ACTION (CODING LANAGAUGES, INSPIRATIONS, AND LAYOUTS)?
After taking into consideration the examples discussed above and what their layouts entailed, it decided to take inspiration specifically from Speccy and various helpings of CPU-Z and GPU-Z. They all utilise tree view-style dropdown menus, which when played around with was found to be very intuitive and ideal for an informational-based program. The colour scheme would be again based on that which was used in Speccy. That being a dark and computer-like looking colour scheme consisting of greys and blacks although this project’s solution needs to stand out from the competition, so a lighter shade of grey was decided upon to be used instead. 
It was decided to write this program in C# (C-Sharp). C# is a general-purpose and object-oriented language developed by Microsoft in 2000. It is a high-level coding language which complies to CLR. CLR stands for ‘Common Language Runtime’ which is interpreted by JIT in ASP.NET. C# was designed to be a simple, easily understood and general-purpose coding language capable of programming most things which made it an easy choice for the development of the program. C++ was an early consideration but C#’s ease of use and more current support won out overall.[endnoteRef:13] The IDE used to write this program in will be Microsoft’s own Visual Studio Community Edition. This is because using the community edition is free and it offers the vast amount of functionality that is needed to help bring this program to life. [13:  "C# Vs. C++: Difference Between C++ and C# (Sharp)", Simplilearn, 2021. [Online]. Available: https://www.simplilearn.com/tutorials/cpp-tutorial/c-sharp-vs-cpp#:~:text=whereas%20C%23%20is%20a%20high,CLR%20(Common%20Language%20Runtime).&text=C%23%20is%20a%20component%2Doriented,done%20by%20the%20programmer%20manually. [Accessed: 30- Aug- 2022].
] 

In order to have the library needed to setup and call the information needed to make this program, a sample taken from the LibreHardwareMonitor project found on GitHub was used so that project’s feature set was available to utilise in this project although all of the code written was original. 
The link for LibreHardwareMonitor can be found in the ‘Referential Information’ chapter of this dissertation paper.[endnoteRef:14] [14:  LibreHardwareMonitor GitHub project page: https://github.com/LibreHardwareMonitor/LibreHardwareMonitor
] 

DESIGN METHODOLOGY – AN OVERVIEW OF EACH PROGRAM FILE AND WHAT THEY DO
[image: Graphical user interface, application

Description automatically generated]The following will be a talk through of all of the project files that were written for this program. This includes information like what each file does in the program. All of the code featured in each project file that was written to run the program has been sampled in the “Appendices” chapter of this dissertation paper.This is the interface of the program which has been called ‘SystemSpy’

MainWindow.xaml.cs –
This is the main file for the program. From here, all of the model files (more on those below) that were written for each hardware sensor are called to be used in the program. There is a screenshot of the unfinished program above.
PC.cs –
This is the model file designated ‘PC’. The main purpose of this model file is to create lists for each model file which holds all of the hardware sensor code.
CPU.cs –
This is the model file designated ‘CPU’. In this model file, the main purpose is to setup each sensor for the CPU, so they are ready to be called for the program. These sensors include the name of the CPU, the socket type, architecture, core count, thread count, clock speed, temperature, base clock, and boost clock.
GPU.cs – 
This is the model file designated ‘GPU’. Like the other model files, this sets up each sensor for the GPU, so they are able to be called in the ‘MainWindow.xaml.cs’ file to be included in the program. These sensors include information pertaining to the GPU name, load, temperature, memory, and clock speed.
Memory.cs –
This is the model file designated ‘Memory’. This sets up each sensor for the memory which allows the information it holds to be called into the program. This information includes values like the name, memory usage, reserve amount, clock speed, and capacity. The memory or more specially the banks (slots on the motherboard simply put) has been set up with data templates in the program’s XAML code. This allows each module to be displayed in the program dynamically depending on if the modules are detected to be installed by the program. This code can be viewed in the ‘Appendices’ section of this dissertation paper.
Storage.cs –
This is the model file designated ‘Storage’. This sets up each sensor for the storage devices installed in the system which allows for the data to be called and then used in the program. The information called by the code includes the name of the drive, it’s usage and the temperature. There are two reasons why the capacity of the drive was never implemented. First reason being that the names of the SSD drives included the capacity already which made implementing that information sort of redundant another reason being that the value is not easily found in the first place. This is something that could be incorporated if more time was given to fleshing out and refining the program.
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POST-REFLECTION – HOW DID THE PROJECT GO?
The project as a whole has been a very mixed bag. It took a very long time for anything to get any traction due to various reasons pertaining to the project itself and also external factors too. Frankly speaking there was no clear direction to take the project in and any idea of how to proceed once everything like the project title, proposal and interim viva had been completed and passed off on. Because of this, the project sat dormant for the best part of 6-7 months with no work done on it apart from brief additions made here and there over the first half of 2022. 
The question really is why and how did this happen? Several reasons can be given really although the biggest of all is likely a lack of motivation and burnout paired with a lack of technical knowhow on how to write such a program like a system monitor. The problem was choosing a project which was geared around programming. The idea of programming was an instant turn off due to the difficulty surrounding it. The lack of motivation and burnout are only some of the personal reasons that negatively affected this project although those details will not be divulged here. 
The project, with support from university resources and several friends, finally took off in the mid-summer of 2022 and from here things started to move forward albeit with some difficulty still. Despite this, the project was never a walk in the park and there were moments where things came to a standstill once again although with assistance and motivation this was bypassed and fixed.
What was learnt throughout the entire project? Most importantly, keeping track of time and conforming to self-made deadlines as this was another failing of the project. By pushing it back constantly and focusing on other things, the project suffered a lot as a result and contributed to it being such a difficult task to perform as there wasn’t much time to do important research or take the time to properly layout the project structure which led to it being rushed and cobbled together.
The coding process was another hurdle that took a lot of willpower and assistance to do. Another misstep which would have likely been foreseen had the proper pre-production and research been performed was how much there was to program and configure so that the program worked properly. Add to this the lack of experience with writing in C# and the development process only got more complicated and more drawn out which wasn’t good considering the lack of time already being a concern.
POTENTIAL IMPROVEMENTS
If this project was to be undertaken once more, in order to better the project the second time around there are three improvements that would hopefully improve the program and the project as a whole.
The first improvement would be geared towards the pre-production side of things. In order to have a better understanding of what the project requires and how to make the best possible start, time should be given to researching all of the criteria of the project. What does the project need to be successful for example? How does the project need to be organised, what resources are available to be used? The resources part of that is most paramount as little of the utilities and documents provided by the university were consulted when tackling this project which led to a lot of confusion, uncertainty and various other mistakes which could have been avoided most likely by looking up the handbook provided and seeing what was required.
The second improvement would be to make sure the project isn’t too ambitious or complicated. Earlier on in the project, there was a lot of scaling down and readjustments that had to be made to allow the project to be made within a reasonable amount of time. Originally the project was supposed to be a benchmarking tool akin to programs like 3DMark and Cinebench although it quickly became apparent that making such a program would be way too much of an endeavour for somebody with very limited coding ability and more importantly limited time. With consideration to these limiting factors, the project was shifted to be based more on the development and evaluation of a system monitor akin to Piriform’s Speccy or CPUID’s CPU-Z. A program that provides users with information on their computer systems. The plan was to make this program more inviting and usable for a common user who was simply curious about the inner workings of their computer and how each component inside was being utilised by the various processes of the operating system.
The third improvement and arguably the most important change/improvement to help improve the project as a whole would be to not be afraid to ask for assistance or guidance when tackling such a project. Although this is a solo endeavour it doesn’t mean one is completely alone in undertaking it and this is why supervisors are assigned to assist and help keep the project on track. In retrospect more meetings with the supervisor and total honesty over the state of the project and the lack of progress would have been a good call as a lot of the delays and stalling could have been resolved a lot sooner.
With these improvements implemented, it is possible that the project could have gone a lot smoother and been completed a lot sooner and is something to perhaps be considered in the future if such an endeavour was undertaken once more. 
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To conclude, the project has been a major struggle but there have been several lessons learnt throughout all of it which are worth taking away. Such an undertaking like this one bring to mind how important it is to have performed substantial pre-production and research before diving headfirst into a project. This way, hopefully it would mean that one won’t come to a screeching halt partway through with no viable direction to go in. In addition, it would be wise to speak up about any issues pertaining to the project instead of keeping quiet and trying to push on alone as this only causes more issues and disruption throughout the entire process and will in most cases result in delays and issues with getting any work done.
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PROGRAM CODE SAMPLE
The following is all of the code samples sourced from the program itself. This is explained in detail in the ‘Development Overview’ Section of this dissertation paper.
MainWindow.xaml.cs –
using System.Windows;
using LibreHardwareMonitor.Hardware;
using System.Collections.Generic;
using Models;
using LibreHardwareMonitor.Hardware.Motherboard;
using System;
namespace Hardware_Monitor
{
    public partial class MainWindow : Window
    {
        //The following declare the hardware models that will be populated below
        public PC pc = new PC()
        {
            CPUs = new List<CPU>(),
            GPUs = new List<GPU>(),
            Memory = new Memory(),
            Storage = new List<Storage>(),
            mainboardName = ""
        };
        CPU cpu = new CPU();
        private Computer c = new Computer()
        {
            IsGpuEnabled = true, //Reports GPU
            IsCpuEnabled = true, //Reports CPU
            IsMemoryEnabled = true, // Reports System Memory (RAM)
            IsMotherboardEnabled = true, //Reports Motherboard
            IsStorageEnabled = true, //Reports HDD
        };
        private void ReportSystemInfo()       
        { 
            // The follow lines call the hardware data used in the program
            foreach (IHardware hardware in c.Hardware)
            {
                if (hardware.HardwareType == HardwareType.Cpu) //Calls CPU information
                {
                    hardware.Update();

                    cpu.Name = hardware.Name; // Calls CPU name (For example: Ryzen 7 3700X or Intel Core i7 7700K)
                    foreach (ISensor sensor in hardware.Sensors) 
                    {
                        if (sensor.SensorType == SensorType.Temperature) //Sensor that handles CPU temperature information
                        {
                           cpu.Temperature = (float)Math.Round((float)sensor.Value, 2);
                        }
                        if (sensor.SensorType == SensorType.Load && sensor.Name == "CPU Total") //Sensor that handles CPU values/information
                        {
                            cpu.Load = (float)Math.Round((float)sensor.Value,2); //Lists current CPU load
                            cpu.Min = (float)Math.Round((float)sensor.Min, 2); //Lists CPU minimum clock
                            cpu.Max = (float)Math.Round((float)sensor.Max, 2); //Lists CPU maximum clock
                        }
                        if (sensor.SensorType == SensorType.Clock && sensor.Name == "Core #1") //Sensor that handles CPU clockspeed
                        {
                            cpu.Clockspeed = (float)Math.Round((float)sensor.Value, 2);
                        }
                    }
                    pc.CPUs.Add(cpu);
                }
                if (hardware.HardwareType == HardwareType.GpuAmd || hardware.HardwareType == HardwareType.GpuNvidia || hardware.HardwareType == HardwareType.GpuIntel) //Calls GPU information
                {
                    hardware.Update();
                    GPU gpu = new GPU(); 
                    gpu.Name = hardware.Name; //Calls GPU name (for example: NVIDIA GeForce GTX 1080 or AMD Radeon RX 6700 XT)
                    foreach (ISensor sensor in hardware.Sensors)
                    {
                        if (sensor.SensorType == SensorType.Temperature && sensor.Name == "GPU Core") //Sensor that handles GPU temperature information
                        {
                            gpu.Temperature = sensor.Value.ToString();
                        }
                        if (sensor.SensorType == SensorType.Load && sensor.Name == "GPU Core") //Sensor that handles GPU load information (Current utilisation)
                        {
                            gpu.Load = sensor.Value.ToString();
                        }
                        if (sensor.SensorType == SensorType.SmallData && sensor.Name == "GPU Memory Total") //Sensor that handles GPU memory information
                        {
                            gpu.Memory = sensor.Value.ToString();
                        }
                        if (sensor.SensorType == SensorType.Clock && sensor.Name == "GPU Core") //Sensor that handles GPU clockspeed information
                        {
                            gpu.Clockspeed = sensor.Value.ToString();
                        }
                    }
                    pc.GPUs.Add(gpu);
                }
                if (hardware.HardwareType == HardwareType.Memory) //Allows memory information on system to be called
                {
                    hardware.Update();

                    
                    foreach (ISensor sensor in hardware.Sensors)
                    {
                        if (sensor.SensorType == SensorType.Data && sensor.Name == "Memory Used") //Sensor that handles memory that is in current use by the system
                        {
                            pc.Memory.Usage = Math.Round((double)sensor.Value, 2).ToString();
                        }
                        if (sensor.SensorType == SensorType.Data && sensor.Name == "Memory Available") //Sensor that handles memory in reserve or memory still available
                        {
                            pc.Memory.Reserve = Math.Round((double)sensor.Value, 2).ToString();
                        }
                    }
                }
                if (hardware.HardwareType == HardwareType.Motherboard)
                {
                    Motherboard m = hardware as Motherboard;
                    pc.mainboardName = m.Name; //Provides Motherboard name
                    if (pc.Memory.Modules != null)
                    {
                        foreach (MemoryDevice mem in m.SMBios.MemoryDevices)
                        {
                            if (mem.Size != 0) //Displays memory modules actually installed (Empty DIMM slots are not included)
                            {
                                Modules mod = new Modules();
                                mod.Name = mem.ManufacturerName + " " + mem.PartNumber;
                                mod.Bank = mem.BankLocator; //What BANK or slot the memory module is located in
                                mod.Clockspeed = mem.Speed.ToString(); //The clockspeed of the memory
                                mod.Capacity = mem.Size.ToString(); //The capacity of the memory
                                pc.Memory.Modules.Add(mod);
                            }
                        }
                    }
                    cpu.Architecture = m.SMBios.Processor.Family.ToString(); //Lists CPU archtiecture
                    cpu.Socket = m.SMBios.Processor.Socket.ToString(); //Lists CPU socket
                    cpu.CoreCount = m.SMBios.Processor.CoreCount; //Lists CPU core count
                    cpu.ThreadCount = m.SMBios.Processor.ThreadCount; //Lists CPU thread count
                    cpu.BaseClock = m.SMBios.Processor.CurrentSpeed; //Lists current CPU speed
                    cpu.BoostClock = m.SMBios.Processor.MaxSpeed; //Lists maximum CPU speed
                }
                if (hardware.HardwareType == HardwareType.Storage) //Allows storage devices on system to be called
                {
                    hardware.Update();
                    Storage storage = new Storage();
                    storage.Name = hardware.Name; //Calls storage device name
                    foreach (ISensor sensor in hardware.Sensors)
                    {
                        if (sensor.SensorType == SensorType.Load && sensor.Name == "Used Space") //Sensor that handles amount of storage used
                        {
                            storage.Usage = Math.Round((double)sensor.Value, 2).ToString();
                        }
                        if (sensor.SensorType == SensorType.Temperature && sensor.Name == "Temperature") //Sensor that handles storage device temperature
                        {
                            storage.Temperature = sensor.Value.ToString();
                        }
                    }
                   pc.Storage.Add(storage);
                }
            }
        }
        //The following initialises the Main Window or the front-end of the program
        public MainWindow()
        {
            InitializeComponent();
            c.Open();
            pc.Memory.Modules = new List<Modules>();
            ReportSystemInfo();
            DataContext = pc;
        }
    }
}



PC.cs –
using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Runtime.CompilerServices;
namespace Models
{
    public class PC : INotifyPropertyChanged
    {
        public event PropertyChangedEventHandler PropertyChanged;

        private void NotifyPropertyChanged([CallerMemberName] String propertyName = "")
        {
            PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
        }
        private String _mainboardName;
        public String mainboardName
        {
            get { return _mainboardName; }
            set
            {
                if (_mainboardName != value)
                {
                    _mainboardName = value;
                }
                NotifyPropertyChanged();
            }
        }
        private List<CPU> _cpus;
        public List<CPU> CPUs
        {
            get { return _cpus; }
            set
            {
                if (_cpus != value)
                {
                    _cpus = value;
                }
                NotifyPropertyChanged();
            }
        }
        private List<GPU> _gpus;
        public List<GPU> GPUs
        {
            get { return _gpus; }
            set
            {
                if (_gpus != value)
                {
                    _gpus = value;
                }
                NotifyPropertyChanged();
            }
        }
        private Memory _memory;
        public Memory Memory
        {
            get { return _memory; }
            set
            {
                if (_memory != value)
                {
                    _memory = value;
                }
                NotifyPropertyChanged();
            }
        }
        private List<Storage> _storage;
        public List<Storage> Storage
        {
            get { return _storage; }
            set
            {
                if (_storage != value)
                {
                    _storage = value;
                }
                NotifyPropertyChanged();
            }
        }
        public PC() { }
    }
}



CPU.cs –
using System;
using System.ComponentModel;
using System.Runtime.CompilerServices;
namespace Models
{
    public class CPU: INotifyPropertyChanged
    {
        public event PropertyChangedEventHandler PropertyChanged;
        private void NotifyPropertyChanged([CallerMemberName] String propertyName = "")
        {
            PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
        }
        private int _id;
        public int id
        {
            get => _id; set => _id = value;
        }
        private string _name;
        public string Name
        {
            get { return _name; }
            set
            {
                if (_name != value)
                {
                    _name = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _architecture;
        public string Architecture 
        {
            get { return _architecture; }
            set
            {
                if (_architecture != value)
                {
                    _architecture = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _socket;
        public string Socket
        {
            get { return _socket; }
            set
            {
                if (_socket != value)
                {
                    _socket = value;
                }
                NotifyPropertyChanged();
            }
        }
        private float _temperature;
        public float Temperature
        {
            get { return _temperature; }
            set
            {
                if (_temperature != value)
                {
                    _temperature = value;
                }
                NotifyPropertyChanged();
            }
        }
        private int _coreCount;
        public int CoreCount
        {
            get { return _coreCount; }
            set
            {
                if (_coreCount != value)
                {
                    _coreCount = value;
                }
                NotifyPropertyChanged();
            }
        }
        private int _threadCount;
        public int ThreadCount
        {
            get { return _threadCount; }
            set
            {
                if (_threadCount != value)
                {
                    _threadCount = value;
                }
                NotifyPropertyChanged();
            }
        }
        private int _baseClock;
        public int BaseClock
        {
            get { return _baseClock; }
            set
            {
                if (_baseClock != value)
                {
                    _baseClock = value;
                }
                NotifyPropertyChanged();
            }
        }
        private int _boostClock;
        public int BoostClock
        {
            get { return _boostClock; }
            set
            {
                if (_boostClock != value)
                {
                    _boostClock = value;
                }
                NotifyPropertyChanged();
            }
        }
        private float _load;
        public float Load
        {
            get { return _load; }
            set
            {
                if (_load != value)
                {
                    _load = value;
                }
                NotifyPropertyChanged();
            }
        }
        private float _min;
        public float Min
        {
            get { return _min; }
            set
            {
                if (_min != value)
                {
                    _min = value;
                }
                NotifyPropertyChanged();
            }
        }
        private float _max;
        public float Max
        {
            get { return _max; }
            set
            {
                if (_max != value)
                {
                    _max = value;
                }
                NotifyPropertyChanged();
            }
        }
        private float _clockspeed;
        public float Clockspeed    
        {
            get { return _clockspeed; }
            set
            {
                if (_clockspeed != value)
                {
                    _clockspeed = value;
                }
                NotifyPropertyChanged();
            }
        }
        public CPU()  
        {

        }
    }
}


GPU.cs – 
using System;
using System.ComponentModel;
using System.Runtime.CompilerServices;
namespace Models
{
    public class GPU: INotifyPropertyChanged
    {
        public event PropertyChangedEventHandler PropertyChanged;
        private void NotifyPropertyChanged([CallerMemberName] String propertyName = "")
        {
            PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
        }
        private int _id;
        public int id
        {
            get => _id; set => _id = value;
        }
        private string _name;
        public string Name
        {
            get { return _name; }
            set
            {
                if (_name != value)
                {
                    _name = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _temperature;
        public string Temperature
        {
            get { return _temperature; }
            set
            {
                if (_temperature != value)
                {
                    _temperature = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _load;
        public string Load
        {
            get { return _load; }
            set
            {
                if (_load != value)
                {
                    _load = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _memory;
        public string Memory
        {
            get { return _memory; }
            set
            {
                if (_memory != value)
                {
                    _memory = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _clockspeed;
        public string Clockspeed
        {
            get { return _clockspeed; }
            set
            {
                if (_clockspeed != value)
                {
                    _clockspeed = value;
                }
                NotifyPropertyChanged();
            }
        }
        public GPU() {}
    }
}


Memory.cs –
using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Runtime.CompilerServices;
namespace Models
{
    public class Memory: INotifyPropertyChanged
    {
        public event PropertyChangedEventHandler PropertyChanged;

        private void NotifyPropertyChanged([CallerMemberName] String propertyName = "")
        {
            PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
        }
        private string _usage;
        public string Usage
        {
            get { return _usage; }
            set
            {
                if (_usage != value)
                {
                    _usage = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _reserve;
        public string Reserve
        {
            get { return _reserve; }
            set
            {
                if (_reserve != value)
                {
                    _reserve = value;
                }
                NotifyPropertyChanged();
            }
        }
        private List<Modules> _modules;
        public List<Modules>? Modules
        {
            get { return _modules; }
            set
            {
                if (_modules != value)
                {
                    _modules = value;
                }
                NotifyPropertyChanged();
            }
        }
        public Memory() {}
    }
    public class Modules : INotifyPropertyChanged
    {

        public event PropertyChangedEventHandler PropertyChanged;

        private void NotifyPropertyChanged([CallerMemberName] String propertyName = "")
        {
            PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
        }

        private string _name;
        public string Name
        {
            get { return _name; }
            set
            {
                if (_name != value)
                {
                    _name = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _clockspeed;
        public string Clockspeed
        {
            get { return _clockspeed; }
            set
            {
                if (_clockspeed != value)
                {
                    _clockspeed = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _capacity;
        public string Capacity
        {
            get { return _capacity; }
            set
            {
                if (_capacity != value)
                {
                    _capacity = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _bank;
        public string Bank
        {
            get { return _bank; }
            set
            {
                if (_bank != value)
                {
                    _bank = value;
                }
                NotifyPropertyChanged();
            }
        }
        public Modules() {}
    }
}

Storage.cs –
using System;
using System.ComponentModel;
using System.Runtime.CompilerServices;

namespace Models
{
    public class Storage: INotifyPropertyChanged
    {
        public event PropertyChangedEventHandler PropertyChanged;

        private void NotifyPropertyChanged([CallerMemberName] String propertyName = "")
        {
            PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
        }
        private int _id;
        public int id
        {
            get => _id; set => _id = value;
        }
        private string _name;
        public string Name
        {
            get { return _name; }
            set
            {
                if (_name != value)
                {
                    _name = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _usage;
        public string Usage
        {
            get { return _usage; }
            set
            {
                if (_usage != value)
                {
                    _usage = value;
                }
                NotifyPropertyChanged();
            }
        }
        private string _temperature;
        public string Temperature
        {
            get { return _temperature; }
            set
            {
                if (_temperature != value)
                {
                    _temperature = value;
                }
                NotifyPropertyChanged();
            }
        }
        public Storage() {}
    }
}
MainWindow.xaml –
<Window x:Class="Hardware_Monitor.MainWindow"
        xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
        xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
        xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
        xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
        xmlns:local="clr-namespace:Hardware_Monitor" xmlns:models="clr-namespace:Models" d:DataContext="{d:DesignInstance Type=models:PC}"
        mc:Ignorable="d"
        Title="SystemSpy" Height="450" Width="800"
       >
    <Grid Background="DarkGray">

        <TreeView Grid.ColumnSpan="2" Background="Transparent" VerticalAlignment="Center" BorderThickness="0" HorizontalAlignment="Left">
            <TreeView.ItemContainerStyle>
                <Style TargetType="TreeViewItem">
                    <Setter Property="Focusable" Value="False"/>
                </Style>
            </TreeView.ItemContainerStyle>

            <TreeViewItem Header="Mainboard" FontFamily="Corbel" FontSize="36" FontStyle="Italic" >
                <Grid>
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="100"/>
                        <ColumnDefinition Width="50"/>
                        <ColumnDefinition/>
                    </Grid.ColumnDefinitions>
                    <Label Grid.Column="0" FontSize="16" FontFamily="Corbel Light">NAME:</Label>
                    <Label Grid.Column="2" Content="{Binding mainboardName, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                </Grid>
            </TreeViewItem>

            <TreeViewItem Header="CPU" FontFamily="Corbel" FontSize="36" FontStyle="Italic" DataContext="{Binding CPUs[0]}" >
                <Grid>
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="100"/>
                        <ColumnDefinition Width="50"/>
                        <ColumnDefinition/>
                    </Grid.ColumnDefinitions>
                    <Grid.RowDefinitions>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                    </Grid.RowDefinitions>
                    <Label Grid.Column="0" Grid.Row="0" FontSize="16" FontFamily="Corbel Light">NAME:</Label>
                    <Label Grid.Column="2" Grid.Row="0" Content="{Binding Name, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="1" FontSize="16" FontFamily="Corbel Light">ARCHITECTURE:</Label>
                    <Label Grid.Column="2" Grid.Row="1" Content="{Binding Architecture, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="2" FontSize="16" FontFamily="Corbel Light">SOCKET TYPE:</Label>
                    <Label Grid.Column="2" Grid.Row="2" Content="{Binding Socket, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="3" FontSize="16" FontFamily="Corbel Light">CORE COUNT:</Label>
                    <Label Grid.Column="2" Grid.Row="3" Content="{Binding CoreCount, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="4" FontSize="16" FontFamily="Corbel Light">THREAD COUNT:</Label>
                    <Label Grid.Column="2" Grid.Row="4" Content="{Binding ThreadCount, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="5" FontSize="16" FontFamily="Corbel Light">BASE CLOCK:</Label>
                    <Label Grid.Column="2" Grid.Row="5" Content="{Binding BaseClock, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} MHZ" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="6" FontSize="16" FontFamily="Corbel Light">BOOST CLOCK:</Label>
                    <Label Grid.Column="2" Grid.Row="6" Content="{Binding BoostClock, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} MHZ" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="7" FontSize="16" FontFamily="Corbel Light">LOAD:</Label>
                    <Label Grid.Column="2" Grid.Row="7" Content="{Binding Load, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} %" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="8" FontSize="16" FontFamily="Corbel Light">MINMUM LOAD:</Label>
                    <Label Grid.Column="2" Grid.Row="8" Content="{Binding Min, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} %" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="9" FontSize="16" FontFamily="Corbel Light">MAXIMUM LOAD:</Label>
                    <Label Grid.Column="2" Grid.Row="9" Content="{Binding Max, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} %" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="10" FontSize="16" FontFamily="Corbel Light">CURRENT CLOCK:</Label>
                    <Label Grid.Column="2" Grid.Row="10" Content="{Binding Clockspeed, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} MHZ" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="11" FontSize="16" FontFamily="Corbel Light">TEMPERATURE:</Label>
                    <Label Grid.Column="2" Grid.Row="11" Content="{Binding Temperature, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} °C" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                </Grid>
            </TreeViewItem>

            <TreeViewItem Header="GPU" FontFamily="Corbel" FontSize="36" FontStyle="Italic" DataContext="{Binding GPUs[0]}" >
                <Grid>
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="100"/>
                        <ColumnDefinition Width="50"/>
                        <ColumnDefinition/>
                    </Grid.ColumnDefinitions>
                    <Grid.RowDefinitions>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                    </Grid.RowDefinitions>
                    <Label Grid.Column="0" Grid.Row="0" FontSize="16" FontFamily="Corbel Light">NAME:</Label>
                    <Label Grid.Column="2" Grid.Row="0" Content="{Binding Name, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="1" FontSize="16" FontFamily="Corbel Light">LOAD:</Label>
                    <Label Grid.Column="2" Grid.Row="1" Content="{Binding Load, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} %" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="2" FontSize="16" FontFamily="Corbel Light">MEMORY (VRAM):</Label>
                    <Label Grid.Column="2" Grid.Row="2" Content="{Binding Memory, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} MB" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="3" FontSize="16" FontFamily="Corbel Light">CURRENT CLOCK:</Label>
                    <Label Grid.Column="2" Grid.Row="3" Content="{Binding Clockspeed, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} MHZ" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="4" FontSize="16" FontFamily="Corbel Light">TEMPERATURE:</Label>
                    <Label Grid.Column="2" Grid.Row="4" Content="{Binding Temperature, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} °C" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                </Grid>
            </TreeViewItem>

            <TreeViewItem Header="Memory" FontFamily="Corbel" FontSize="36" FontStyle="Italic" DataContext="{Binding Memory}" >
                <Grid>
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition MaxWidth="100"/>
                        <ColumnDefinition MaxWidth="50"/>
                        <ColumnDefinition/>
                    </Grid.ColumnDefinitions>
                    <Grid.RowDefinitions>
                        <RowDefinition/>
                        <RowDefinition/>
                        <RowDefinition/>
                    </Grid.RowDefinitions>
                    <Label Grid.Column="0" Grid.Row="0" FontSize="16" FontFamily="Corbel Light">LOAD:</Label>
                    <Label Grid.Column="2" Grid.Row="0" Content="{Binding Usage, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} GB" FontSize="16" FontFamily="Corbel Light"/>
                    <Label Grid.Column="0" Grid.Row="1" FontSize="16" FontFamily="Corbel Light">RESERVE:</Label>
                    <Label Grid.Column="2" Grid.Row="1" Content="{Binding Reserve, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} GB" FontSize="16" FontFamily="Corbel Light"/>

                    <TreeViewItem x:Name="ModulesList" Grid.ColumnSpan="3" Grid.Row="2" Header="Modules" FontFamily="Corbel" FontSize="20" FontStyle="Italic"  >
                        <TreeView Background="Transparent"  ItemsSource="{Binding Modules}">
                            <TreeView.ItemTemplate>
                                <DataTemplate >
                                    <TreeViewItem Grid.ColumnSpan="3" Grid.Row="2" Header="{Binding Bank}" FontFamily="Corbel" FontSize="20" FontStyle="Italic" >
                                        <Grid>
                                            <Grid.ColumnDefinitions>
                                                <ColumnDefinition Width="100"/>
                                                <ColumnDefinition Width="50"/>
                                                <ColumnDefinition/>
                                            </Grid.ColumnDefinitions>
                                            <Grid.RowDefinitions>
                                                <RowDefinition/>
                                                <RowDefinition/>
                                                <RowDefinition/>
                                            </Grid.RowDefinitions>
                                            <Label Grid.Column="0" Grid.Row="0" FontSize="16" FontFamily="Corbel Light">NAME:</Label>
                                            <Label Grid.Column="2" Grid.Row="0" Content="{Binding Name, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" FontSize="16" FontFamily="Corbel Light"/>

                                            <Label Grid.Column="0" Grid.Row="1" FontSize="16" FontFamily="Corbel Light">CLOCK:</Label>
                                            <Label Grid.Column="2" Grid.Row="1" Content="{Binding Clockspeed, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} MHZ" Width="500px" FontSize="16" FontFamily="Corbel Light"/>

                                            <Label Grid.Column="0" Grid.Row="2" FontSize="16" FontFamily="Corbel Light">CAPACITY:</Label>
                                            <Label Grid.Column="2" Grid.Row="2" Content="{Binding Capacity, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} MB" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                                        </Grid>
                                    </TreeViewItem>
                                </DataTemplate>
                            </TreeView.ItemTemplate>
                        </TreeView>
                    </TreeViewItem>

                </Grid>
            </TreeViewItem>

            <TreeViewItem Header="Storage" FontFamily="Corbel" FontSize="36" FontStyle="Italic" >
                <TreeView Background="Transparent"  ItemsSource="{Binding Storage}">
                    <TreeView.ItemTemplate>
                        <DataTemplate >
                            <TreeViewItem Grid.ColumnSpan="3" Grid.Row="2" Header="{Binding Name}" FontFamily="Corbel" FontSize="20" FontStyle="Italic" >
                                <Grid>
                                    <Grid.ColumnDefinitions>
                                        <ColumnDefinition Width="100"/>
                                        <ColumnDefinition Width="50"/>
                                        <ColumnDefinition/>
                                    </Grid.ColumnDefinitions>
                                    <Grid.RowDefinitions>
                                        <RowDefinition/>
                                        <RowDefinition/>
                                    </Grid.RowDefinitions>
                                    <Label Grid.Column="0" Grid.Row="0" FontSize="16" FontFamily="Corbel Light">USAGE:</Label>
                                    <Label Grid.Column="2" Grid.Row="0" Content="{Binding Usage, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} %" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                                    <Label Grid.Column="0" Grid.Row="1" FontSize="16" FontFamily="Corbel Light">TEMPERATURE:</Label>
                                    <Label Grid.Column="2" Grid.Row="1" Content="{Binding Temperature, Mode=OneWay, UpdateSourceTrigger=PropertyChanged}" ContentStringFormat ="{}{0} °C" Width="500px" FontSize="16" FontFamily="Corbel Light"/>
                                </Grid>
                            </TreeViewItem>
                        </DataTemplate>
                    </TreeView.ItemTemplate>
                </TreeView>
            </TreeViewItem>

        </TreeView>
    </Grid>
</Window> 
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