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Von Neumann Architecture
[bookmark: _wvebvvefca6l][bookmark: _Toc53856968]Example of Von Neumann Architecture
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[bookmark: _4yjv8ytsuav9][bookmark: _Toc53856969]Computer Components and its impact
[bookmark: _r9m67gnt53y][bookmark: _Toc53856970]Memory
This is a physical hardware component which is attached to the motherboard and allows for information to be stored. Memory can allow for information to be stored temporarily (RAM) or permanently (HDD; SDD).
    There are many different types of memory, which all have different uses. There’s cache; virtual; DMA; RAM; ROM, among many others. 

Within memory, there are two different forms of data. Volatile and non-volatile.
	Volatile data is when you turn off your computer, what is stored is deleted. Such as RAM.
	Non-volatile data is when you turn off your computer, the data is still stored. Such as HDD.

[bookmark: _ors2xkjt9bmd]Fetch Execute Cycle
This is the process which is used to load; decode; and execute program files.
    During this process, the processor will load the program instructions from the main form of computer memory; take it to the registers; the location of the instruction is stored; the processor will decode the instruction into what it needs to do; then the instruction will be carried out.
    This cycle will then be repeated until there are no program instructions left to complete.



 Cache Memory
This is where cache memory becomes useful. This is a volatile form of memory which is stored within the CPU and the motherboard. Cache memory is high speed, fast processing. If you have a high cache memory size, this means that your PC can run faster.

Cache memory is used to be able to carry instructions from memory and into the processor. The processor only needs one instruction at a time. However, cache memory will carry multiple instructions at a single time. This means that instructions can be stored in cache memory. When the previous instruction is completed, the processor can go into cache memory and see if there is anything in there before requesting the next instruction. 

[bookmark: _w6jd0r90ay7e]DMA (Direct Memory Access)
This is a form of memory which allows for the transmission of data directly from the hard drive/solid state drive to the memory which is stored on the motherboard.
 
DMA is a form of memory which is mostly linked to video games. This is due to what the memory can do.
    When you are playing a video game, every game scene will be saved and will be stored ready to display on the screen. That process has two different ways of working. You can either use the standard way, which is by using the CPU, going through all the buses and then going through memory. Or you can use DMA.
    DMA memory and suitable software will be able to gain direct access to a video game and screen memory. This means the game scenes will go directly from the base location and be sent directly to the screen memory. In turn, the screen will change faster, and the game will go faster.

[bookmark: _htm5mcver2bk]ROM
This is a form of non-volatile memory. This means that when you turn your PC off, the contents remain within the ROM. With this form of memory, the contents cannot be modified. When removing power from the ROM chip and reapplying power, the contents will still be on the memory chip.
One of the things that you can store in this form of memory is BIOS software. The BIOS is firmware which allows for data to travel and flow between the operating system and components that have been connected to the motherboard (HDD; SDD; Graphics Card; Sound Card). 




[bookmark: _hznlwe42fbon]RAM
This is a form of volatile memory, which means that data is only stored when the PC is powered on. When the PC is turned off, the contents of RAM will be emptied.
    RAM is an important part of the fetch execute cycle. When instructions are being transferred by cache memory, they are stored in RAM.
    There are many different storage sizes of RAM that you can find in a computer. A computer can store from 2GB-32GB of RAM.
One of the most important processes of RAM, is what happens when RAM is full, and stuff needs to be moved to a different form of memory.
When RAM is full, stuff needs to be moved so that space is available. This is where virtual memory comes into play. 
[bookmark: _38apnwkkpo3z]Virtual Memory
This is a form of non-physical and only exists within a computer volatile memory which is stored within the hard drive. The allocation of virtual memory will take place upon the installation of Windows OS or whatever OS your PC will run. The size of virtual memory will be the same size as your RAM. If you have 16GB of RAM, you will then have 16GB of virtual memory.
    Within a computer, it is not called “virtual memory”. The proper Windows OS file name is “TSFile”, which stands for ‘Temporary Swap File’.
In this process RAM will be scanned and the least used programs will be identified. The least used program(s) will then be moved from RAM into virtual memory. Space will then be available in RAM.
Moving programs from virtual memory back into RAM can also be done. However, HDD is slow, and it can take a few seconds of minutes depending on HDD speed for the programs to be loaded back into RAM from virtual memory. If your RAM is full, then the same process will happen. 
[bookmark: _qklu2wp8e73d]Flash Memory
This is a form of non-volatile temporary memory. With this form of memory, the contents will remain within the memory, even if power is removed from/or turned off the PC.
	Flash memory has fast read and write speed. Due to it having not a lot of required power and parts within the device not moving, this is a form of memory which is used predominantly within hardware such as phones; tablets; cameras; usb memory sticks; and solid state drives.   






[bookmark: _8ja7wzxow4bd][bookmark: _Toc53856971]Interfaces
This is hardware within or attached to a computer which helps to complete certain tasks. 
    There are four interfaces. CPU; ALU; Memory Unit; and Input/Output devices.

The CPU (Central Processing Unit) stores the control unit which is what processes information. It also sends data and operations to the correct sections of the processor; it also controls the process of the fetch execute cycle.

ALU is split into two sections. Arithmetic and Logic. This section of the CPU will act as a travel line of data between main memory (HDD/SSD) and secondary memory (RAM). 
    The arithmetic section of the unit will handle all operations which involve calculations. The logic section of the unit will handle all operations which are to do with program logic, and logic gates. 
    Many processors will hold two arithmetic units. One AU will be used for floating point numbers. The other will be used for fixed-point numbers. 

The memory unit is where information is held and stored. It stores program instructions when they have been decoded and are waiting to be executed. 
Input/Output devices are physical peripheral hardware which you can attach to the motherboard via slots which match the device (USB slot) or are attached to a computer via the motherboard itself.
    There are two different types of peripheral devices. Input and output.
Input devices are what the user will use to be able to tell a computer what to do.
    Input devices include keyboard; mouse. 
Output devices are how the computer can respond to what the user asks them to do.
    Output devices include monitors.
Some peripherals are both input and output. This means that someone can use it to be able to tell the computer what to do, but it can also be used for the computer to be able to respond to the user. 
    Output/input devices include joystick; hard drive; USB external memory devices; soundcard. 
[bookmark: _bnhxqxz5t4rg][bookmark: _Toc53856972]Clock
This is the speed in which the processor and the PC work at.
    Every processor will have a base clock speed and a maximum recommended speed. 
    Many people will overclock their CPU. This means that you are pushing the clock speed and are forcing the processor to work at a faster speed. 

A higher base clock speed or maximum recommended clock speed is good for fetch execute cycle. This is because the speed in which program instructions are fetched; decoded; and executed is based on the CPU clock speed. 
    The faster the CPU is working and the more you overclock it, the faster it will execute program instructions. This can be bad because if your CPU is working at a high clock speed and is going fast, it will not be able to complete the execution of instructions before they must execute another one. They are receiving too many instructions at one time. Your PC will then crash. 
[bookmark: _pzardwosgg48][bookmark: _Toc53856973]Bus
This is used for components to be able to transfer data between them. Busses can either be parallel (have multiple wires and transfer data through them); or serial (use a format called bit-serial to be able to transfer data).

Within a computer there are four buses. Address; Data; Control; and System bus.
[bookmark: _98viyjcqhmlr]Address Bus
This bus is used for pinpointing the location of an address, which will be somewhere in main memory or within cache memory. 
    After locating the address location, the address bus can only send and receive from two locations, from CPU to RAM and from RAM to the CPU. 
[bookmark: _iyam0den6pbc]Data Bus
This bus will use the address that has been collected by the address bus and send/receive data. It is also used for transmitting information/data from the processor to the main source of memory. This process happens in vice versa. 
[bookmark: _ew492apjgo10]Control Bus
This bus is used for allowing the CPU the ability to communicate with internal & external hardware components. 
    A control bus has signals which are what the CPU wants the components to do. 

The control bus will work along six lines. Read; Write; Clock; Interrupt; Non-Maskable; and Reset line. 
    The read-line is a one of the control operations where read commands will be executed.
Write line is when write operations are executed. 
    The clock line is powered on and off. This is so the processor can use synchronized pulses when transmitting data.
    Interrupt line is used for modifying the state of the CPU. It does this by modifying the values within registers. Registers are used when switching programs.
    Non-maskable is also used for modifying the state of the CPU. This line allows for the CPU to be modified, even when there are requests for another program to be executed.

System Bus
This bus is used for moving data between the microprocessor and main memory. It is compiled of various connecters attached to cables, in which the data will be sent through. 
    System bus is used for allowing the signals from the CPU and data to communicate. When data is travelling to and from its destination, the data will be able to communicate with the control signals that are both moving from/to different components.

System bus functions by merging the functionality of the three busses, data; address; and control. 
    The individual busses will all each have its own role; need; and ability. This means that they all have different sorts of tasks that they need to complete. 
[bookmark: _wwqmgx34bcyq]Control Unit
This part of the CPU will keep track of any form of communication that happens between computer components; dictates where data is sent to be processed and where it goes after it has been processed.
    The control unit will also ensure that data has been successfully reached the correct destination,                                                                                                                                                                                                                                     
[bookmark: _n7r60vs9slqu]Arithmetic & Logic Unit
The ALU is split into two sections, the arithmetic section and then the logic unit.
    The arithmetic section is in control of computer operations which involve arithmetic. It will make calculations.
    The logic section will complete all the tasks which are to do with logic. Such as logic gates and the logic within a program itself.
[bookmark: _5bz0h5pac6k6]General Purpose Registers
This type of register is used because it has the function of being able to store volatile data. It can also store an address location which has previously been held by the address bus. 
    General Purpose Registers have more than 1 purpose and use. This register allows for either a user or the computer to be able to use it.
    One of the general-purpose registers is accumulator, which is mostly used by programmers and programming software. There are two types of level of programming and programming software. Low-level and high-level. 
    Low-level software uses an accumulator, while high-level programming does not.  
[bookmark: _gfwdqdpjyo0m]Special Purpose Registers
This form of register is tiny chops of RAM, which is not stored within a chip, but is stored in the computer's processor. These registers a like variables, which have a specific purpose and functionality; they work faster than RAM does

There are only four special registers. Instruction; Program Counter; Memory Address; and Memory Data Register. 
    The instruction register will store a copy of the programs instruction which the CPU is currently executing.
    Program Counter will direct you to a location within RAM. The location will be where the next program instruction will be. That instruction is the one which must be executed next.
    Memory address will lead to the location of where the next instruction is within main memory. 
    Memory Data is what stores the data that the memory address register has taken from main memory. This register also stores data which must be moved back to the PCs main memory. 
[bookmark: _w97iybomgwad]Cores
Every processor will have a core. The core will dictate how many tasks can be completed at a single time. 
    Two types of core that you can find are single and dual. 

Single core is when a computer can only complete one task at a single time. This means that if you want to do something else, you first must pause the task that you are currently on.
    With single core, there is something called “multi-tasking”. The processor would queue tasks. This means that the processor would do a tiny bit of one task; pause that task; and then do a tiny bit of another task. The processor would cycle loop this until all the tasks were complete.    Due to the speed of this being done, it would look like the PC was multitasking. Many tasks are heavy-duty, and PCs can crash. 

Dual core is when a computer can do two things at a single time. The processor will also have two ALUs. You will also have the single control unit. 
    This was kind of like multitasking but with more tasks. The processor would do a bit of two tasks and then do something else.

Then there is also parallel processing. This is a process which is used because it uses more than 1 processor to be able to complete a single task. 

There are different levels of parallel processing. 
There are five levels of parallel processing. Bit; instruction; data; task level; and then there is also shared memory.
    Bit-Level use from 8/64bit processing. This is also involved with the fetch execute cycle. You can only carry one program instruction at a time from RAM. If there are 4 instructions in RAM, you must go to RAM and back four times. The bigger the bit size, the more instructions that can be carried at a single time. Once the instruction is taken to the CPU, processing becomes faster.
Instruction level is more to do with programmers. This level is program instructions being carried out in parallel. 




The only way for instructions to be carried out, is because of the programmer. The programmer will have to decide what instructions are to be carried out. 
This is also connected with superscalar, which studies instructions before they are executed; sees which instructions use parallel; decides to which part of the processor the instruction is sent to; uses two ALUs, one for integer and one for real numbers; all of the arithmetic is sent to ALU.

Data level is used for when lots of data must be processed. Information will be given to different parts of the CPU and will each process data, then all the mini data processing will be combined into one thing. 
    This is when using parallel, more than one set of data will process a single set of information. 

Task Level is when different sections of a processor can execute a single task on the same data set while another processor is doing a different task which is on the same data set. 
    Different sections of the CPU will each complete a single task which is on the same data set. When that part of the processor has finished their part of that task, it will be passed onto another part of the processor.

[bookmark: _reu3n6j5i463][bookmark: _Toc53856974]Polling & Interrupting 
[bookmark: _fwegkuvqtlxf][bookmark: _Toc53856975]Printer
There are two methods to a printer doing its job. There is polling and then there is interrupt. 
    Interrupt is a mechanism within hardware. When the processor sends a request, interrupt will recognize this and then complete the task the processor wants it to. 
    If interrupt is already in the middle of a task, it will stop what it is doing and go to complete the new task.

Such as with a printer. If you were to send a print job to a printer, the interrupt mechanism would be requested. The interrupt would then stop any task that it is doing. It will then complete the printer job. 
    Behind the scenes, the tasks that were stopped will be waiting for interruption to finish the print task. In which interrupt would then return to complete the rest of its tasks. 

The other method would be polling, which is always checking to see if something needs to be complete. 

This can happen with a printer. Instead of waiting for a printer job request, polling will always be asking and looking to see if the printer has any jobs that need completing. 
    This means that when a printer job needs completing, no other tasks will be dropped and must wait to be completed.
In terms of which method is more efficient, interrupt is the most efficient.
    This is because when there are no printer jobs to complete, interrupt will be completing other jobs. While polling will not be doing anything and will just be waiting until there is a job to complete. This means that the interrupt mechanism will compete more jobs than polling does.
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