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[bookmark: _Toc59042999]Computer Architecture
[bookmark: _Toc59043000]Introduction 
Computer architecture according to Hennessy and Patterson (2011, p. 3) is the branch of computer engineering that describe implementation, function and organization of computer systems to produce the desired capability. There are various considerations in computer architecture. Different aspects of computer are organized in three categories; system design, Instruction set architecture (ISA) and microarchitecture. Hardware components and data processing is considered in the systems design class. Other minor details like CPU cache are determined in the microarchitecture. Data types, machine codes and processor register are defined in the ISA (Hennessy and Patterson, 2011, p. 4-8). 
[bookmark: _Toc59043001]Review
[bookmark: _Toc59043002]4K videos 
4K resolution uses around 4000 pixels for the horizontal display. There are various resolutions in 4K and 4K UHD is the most dominant. Editing 4K videos requires special specs such as RAM above 32 GB. Storage is useful in 4K video tasks because the data must be accessed by the CPU and RAM as fast as possible (Andrews, 2020). A fast CPU is necessary for better productivity and having multiple CPUs through dual sockets can reduce the rendering time greatly (Intel 2015, p. 2). The recommended features for large format video editing by intel are as follows: 
[bookmark: _Toc57846995]


Table 1 Best features for large format editing (Intel, 2015, p. 4)
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[bookmark: _Toc59043003]RAID
Redundant Array of Inexpensive Disks (RAID) as stated by Chen et al. (2014, p. 146), is technology in data storage, which integrates several disk drives to form a more redundant logical unit. The key factor in the technology is RAID levels, which represents the level of redundancy or performance. Each specific RAID level has different level of performance, reliability, availability and capacity. In RAID 0, there is similar volume in the drives with data striping, but there is no data mirroring. In RAID 2, there is data mirroring in the drives, but no striping. Byte-level striping and Hamming-code parity is the unique specification in RAID level 2. The byte-level striping in RAID 3 has dedicated parity, while in level 4 there is block-level striping. In RAID 5 there is block-level striping with distributed parity and in level 6 the parity distribution is doubled (Chen et al., 2014, p. 145-185).
[bookmark: _Toc59043004]Internal Storage 
There are various storage solutions for data in computers. The most common currently are Solid State Drives (SSD) and Hard Disk Drive. Solid State Drive technology has shown promising results in fast and large data storage solutions.  A study on SSD and HDD performance was carried by running the CPU at full occupancy with 8 users. The study validated, that SSD has better performance of up to 8 times the performance of HDD (Panitkin et al., 2010, p. 4). 
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[bookmark: _Toc57846907]Figure 1 Performance comparison between HDD and SSD (Panitkin et al. 2010, p. 4)
[bookmark: _Toc59043005]External Storage 
There are various ways of connecting the external storage to the computer. The Thurbolt connection type is the fastest with up to 40 Gbps, followed by USB 3.1 at 10 Gbps, eSATA at 6 Gbps and USB 2.0 at 480 Mbps. The choice of connection type is determined by the required transfer rates (Kishore, 2016)
[bookmark: _Toc59043006]Scenarios
[bookmark: _Toc59043007]Scenario 1
The following are the requirements for computer system in scenario 1:
a) Small form factor 
b) Low cost
c) Big monitor 
d) Average CPU, Motherboard and RAM (4 GB)
e) Small storage of up to 500 GB
[bookmark: _Toc59043008]Motherboard
There are various motherboards available in the market, every component has to communicate and work with the motherboard. Requirements for the computer is a simple and a cheap motherboard, because the computer will be used for simple applications. 
The search was narrowed to three motherboards; 
The micro motherboard has a maximum memory of 32 GB and a AM4 socket/CPU. 
[bookmark: _Toc57846996]Table 2 Mother specifications comparison for scenario 1
	Brand 
	Socket 
	Form factor
	Memory type
	Max Memory 
	Price 

	ASRock B450M

	AM4
	Micro
ATX
	DDr4
	32 GB
	£60 (amazon)

	ASUS PRIME A320M-K
	AM4
	Micro ATX
	DDrr4
	32 GB
	£55 (amazon)

	Gigabyte B450 AORUS ELITE ATX AM4

	AM4
	ATX
	DDR4
	64 GB
	£95 (BH)


 
The requirements for the computer are very basic and therefore, the ASUS PRIME A320M-K was selected. 
[bookmark: _Toc59043009]CPU
[bookmark: _Toc57846997]Table 3 CPU specifications comparison for scenario 1
	Brand 
	Core clock 
	Boost clock
	TDP 
	
	Price 

	AMD Ryzen 5 3600 3.6 GHz 6-Core
	3.6 GHz
	4.2 GHZ
	65 W
	
	£200 (Best buy)

	AMD Ryzen 3 2200G 3.5 GHz Quad-Core
	3.5 GHz
	3.7 GHZ
	65W
	Radeon Vega 8 graphics
	£260 (amazon)

	Intel Core i3-8100 3.6 GHz Quad-Core
	3.6 GHz
	
	65W
	
	£119 (Best Buy)



Looking at the specifications on the table, Intel core i3 was selected as the CPU. It is cheap and reliable to deliver reliably. 


[bookmark: _Toc59043010]RAM
[bookmark: _Toc57846998]Table 4 RAM specifications comparison for scenario 1
	Brand 
	speed 
	size
	Price 

	G. Skill Ripjaws V Series 8 GB
	DDR4-3200
	8 GB
	£40 (Best buy)

	Crucial CT4G4DFS824A 4 GB
	DDR4-2400
	4 GB
	£17 (amazon)

	Corsair Vengeance LPX 8 GB
	DDR4-2400
	8 GB
	£33 (amazon)



4GB RAM is enough for the desktop, as very light software will be installed on the computer.  The Crucial CT4G4DFS824A, was selected as the Ram of choice
[bookmark: _Toc59043011]Storage 
Samsung 970 Evo 500 GB M.2-2280 NVME was selected as the best option for storage due to its known reliability and good speed. The price for the drive is £60 on amazon and being a solid-state drive, it would be suitable for older people since it can handle falling. 
[image: ]
[bookmark: _Toc57846908]Figure 2 Samsung 970 Evo (amazon)
[bookmark: _Toc59043012]Input/Output 
The desktop is a simple, computer with very little inputs and outputs needed. The desktop requires just 2 USB ports. 
[bookmark: _Toc59043013]Case and Power Supply
Rosewill RANGER-M MicroATX Mini Tower Case is a basic case with an elegant design. It is very affordable, considering it is just £25 on Newegg. 
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[bookmark: _Toc57846909]Figure 3 Rosewill RANGER-M MicroATX Mini Tower Case (Newegg)
For power supply, the search was minimized to the final 2. EVGA BQ (£64) and the SeaSonic S12III (£39). The EVGA has a wattage of 600W, while SeaSonic has 550W.The EVGA power supply was selected due to its higher redundancy compared to the SeaSonic model. 
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[bookmark: _Toc57846910]Figure 4 EVGA BQ power supply (Newegg)
[bookmark: _Toc59043014]Monitor and Keyboard
Acer SB220Q bi 21.5" was selected as the monitor for the desktop based on its wide - 21.5", for £94 on Amazon. The monitor is cheap compared to other monitors averaging at £200.The 16:9 aspect ratio is very impressive for the purpose of having better display for problems with eyesight. 
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[bookmark: _Toc57846911]Figure 5 Acer SB220Q bi 21.5" (amazon)
[bookmark: _Toc59043015]Graphics Card
The Intel Core i3-8100 3.6 GHz Quad-Core has an integrated UHD graphics 630, which will be enough for the computer since not lots of resolution software will be installed. 
[bookmark: _Toc59043016] Budget
[bookmark: _Toc57846999]Table 5 Total budget for Scenario 1 
	Item 
	Purpose
	Cost (£)

	Samsung 970 Evo 500 GB M.2-2280 NVME
	Storage 
	60

	ASUS PRIME A320M-K
	Motherboard 
	55

	Rosewill RANGER-M MicroATX
	Case 
	25

	EVGA BQ
	Power supply
	64

	Acer SB220Q bi 21.5"
	Monitor 
	94

	Intel Core i3-8100 3.6 GHz Quad-Core
	CPU
	119

	Crucial CT4G4DFS824A 4 GB
	RAM
	17

	
	
	

	Total 
	
	£ 434





[bookmark: _Toc59043017]Scenario 2
The computer requires bulk software programs to be installed. A powerful CPU, motherboard and memory must be considered to ensure the computer can handle processing 4K video content. Other requirements for the scenario are fast and big internal storage, external storage with most efficient RAID mechanism. 
a) Average form factor 
b) Cost budget 2500
c) Big monitor 
d) High performance CPU, Motherboard and RAM (4 GB)
e) Small storage of up to 500 GB
[bookmark: _Toc59043018]Motherboard

[bookmark: _Toc57847000]Table 6 Motherboard specification comparison for Scenario 2
	Brand 
	Socket 
	Form factor
	Memory type, slots
	Max Memory 
	Price 

	MSI MEG X570 UNIFY ATX AM4
	AM4
	ATX
	DDr4
	128 GB
	£300 (Newegg)

	NZXT N7-Z39XT-B1 ATX LGA1151
	LGA1151
	ATX
	DDR4, 4
	64 GB
	£250 (NZXT)

	Gigabyte B450M DS3H Micro ATX AM4
	AM4
	MicroATX
	DDR4,4
	64GB
	£65 (Newegg)



The MSI MEG X570 UNIFY ATX AM4 has RAID support, which will be necessary for the external storage. The unit also has Wi-Fi-6 networking, which is necessary for uploading the 4K videos. 
[bookmark: _Toc59043019]CPU
[bookmark: _Toc57847001]Table 7 CPU specification comparison
	Brand  
	Core clock 
	Boost clock
	TDP 
	Integrated graphics
	Price 

	AMD Ryzen 7 5800X 3.8 GHz 8-Core
	3.8 GHz
	4.7 GHz
	105W
	
	£450 (Best Buy)

	Intel Core i9-9900K 3.6 GHz 8-Core
	3.6 GHz
	5 GHz
	95 W
	Intel UHD graphics 630
	£ 340 (best buy)

	AMD Ryzen 7 3700X 3.6 GHz 8-Core Processor
	3.6 GHz
	4.4 GHz
	65W
	
	£329 (Adorama)



Intel Core i9-9900K was selected for the project, because of its added integrated UHD graphics. The computer will handle lots of bulk software and it is possible, that the graphics card might die at some point. It will be useful to have the integrated graphics on the CPU during troubleshooting (Hoffman 2014). 
According to Yousefi et al. (2013, p. 1956) CPU coolers prevent overheating of components on computers with lots of processing work. Therefore, for a 4K video editing computer it is very likely, that there will be overheating and thus a CPU cooler is necessary. NZXT Kraken Z73 73.11 CFM Liquid CPU Cooler with 1800 RPM and noise level of 21-36 dB at a cost of £280 (Amazon), compared to Corsair H100i RGB PLATINUM, which has a higher noise level of 37 dB and 2400 RPM, which means it consumes more power. 
[bookmark: _Toc59043020]RAM
[bookmark: _Toc57847002]Table 8 RAM specification comparison
	Brand 
	speed
	Modules 
	First word latency
	Memory 
	Price 

	G. Skill Trident Z RGB 32 GB
	4000
	4 * 8 GB
	7.5 ns
	32 GB
	£400 (Newegg)

	G. Skill Ripjaws V 32 GB
	3600
	2 * 16 GB
	8.9 ns
	32 GB
	£149 (amazon)



G. Skill Ripjaws V 32 GB RAM memory was selected for the project due to its lower price and lesser modules, which preserves slots, that can be used for later applications. 
[bookmark: _Toc59043021]Storage 
[bookmark: _Toc57847003]Table 9 Storage specification comparison
	Brand
	Type
	Form factor
	Memory
	Price

	Western Digital SN750 1 TB M.2-2280 NVME
	SSD
	M.2-2280
	1TB
	£155 (amazon)

	Western Digital 1TB WD Blue PC HD
	HDD
	
	1 TB
	£45 (amazon)



HDD lacks a storage solution that is cost effective. SSD on the other hand has faster ride/writes, requires no fragmentation and generate no heat due to the lack of rotating parts inside the drive. The SSD has better performance in vibrations compared to the HDD. For instance, an SSD can handle up to 2000 Hz vibrations, which lowers the chances of damage from crashes (Panitkin et al. (2010, p. 3). Therefore, for this particular project, the Western Digital SN750 1 TB M.2-2280 NVME was selected.
[bookmark: _Toc59043022]Graphics Card 
4K video editing requires a strong video card for seamless 4K video editing. Adobe Premiere, for example, requires a minimum of 8GB VRAM and therefore to ensure the computer can work with wide range of editing software, 8GB should be the minimum VRAM (Mister,2019). EVGA GeForce GTX 1070 8 GB (£876 on amazon) was selected over the Asus GeForce RTX 2060 6 GB TUF OC Video Card, because it has a larger memory of 8 GB, which is beneficial for high resolution particular display. 
[bookmark: _Toc59043023]Monitor 
Dell S2719DGF 27.0" was selected over other monitors due to its specifications. It has a 27-inch monitor with a 2560x1440 resolution. It has a refresh rate of 155 Hz and a response time of 1 ms. It costs £379 on amazon. 
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[bookmark: _Toc57846912]Figure 6 Dell S2719DGF 27.0" monitor (amazon)
[bookmark: _Toc59043024]Keyboard
Corsair K70 RGB MK.2 standard keyboard was selected for the project. It is a great standard keyboard costs £128 on amazon. 
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[bookmark: _Toc57846913]Figure 7 Corsair K70 RGB MK.2 standard keyboard (Amazon)
[bookmark: _Toc59043025]Case and Power Supply
Lian Li TU150 Mini ITX Desktop Case was selected. The cost of the case is £102 on amazon.
[image: ]
[bookmark: _Toc57846914]Figure 8 Lian Li TU150 Mini ITX Desktop Case (amazon)
For the power supply, Silverstone 700 W 80+ was selected as the best option based on its platinum rating and it is fully modular. The item costs £175 on amazon.  
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[bookmark: _Toc57846915]Figure 9 Silverstone 700 W 80+ power supply (Amazon)
[bookmark: _Toc59043026]External Storage 
The scenario requires a dependable external storage with fast transfer speeds. Seagate Backup Plus Hub 8 was selected, because it has used a USB 3.1 with speeds up to 10Gbps, which would be necessary for storing and editing 4K videos. The device has a reasonable price of £155 on Amazon.
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[bookmark: _Toc57846916]Figure 10 Seagate Backup Plus Hub 8 (Amazon)






[bookmark: _Toc59043027]Total Budget for Scenario 2
[bookmark: _Toc57847004]Table 10 Total Budget for Scenario 2
	Item 
	Purpose
	Cost (£)

	Western Digital SN750 1 TB M.2-2280 NVME
	Storage 
	155

	MSI MEG X570 UNIFY ATX AM4
	Motherboard 
	300

	Lian Li TU150 Mini ITX Desktop
	Case 
	102

	Silverstone 700 W 80+
	Power supply
	175

	Dell S2719DGF 27.0"
	Monitor 
	379

	Intel Core i9-9900K 3.6 GHz 8-Core
	CPU
	340

	G. Skill Ripjaws V 32 GB
	RAM
	149

	Corsair K70 RGB MK.2
	Keyboard 
	128

	Seagate Backup Plus Hub 8
	External storage
	155

	NZXT Kraken Z73 73.11 CFM Liquid CPU Cooler
	CPU cooler
	280

	EVGA GeForce GTX 1070 8 GB
	Video card
	576

	Total 
	
	£2739



[bookmark: _Toc59043028]Conclusion
In the first scenario, the aim of the project was to create a low-cost computer for basic applications. In the second scenario, the aim was to create a power computer with the capability to handle 4K video editing. A powerful CPU, Motherboard, Memory and External storage were the main considerations for computer. The aim of the study of exploring different aspects of computer architecture to create a computer with desired capability was achieved. 
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