Your PC Computer Hardware and How it Works

Von Neuman Architecture : The idea for the architecture was the factory/warehouse model, where the work was done in the factory on material that was stored in the warehouse. The diagram on the next page shows the modules of this computer architecture.

·  Main Memory (RAM) is like the warehouse, storing the instructions (program) to be executed and also the data the program uses.  

· The computer consists of the CPU & Main Memory (RAM)  and the bundle of wires (bus) connecting these modules  to allow the CPU and RAM to exchange data (bit patterns).
· RAM is a type of main memory constructed so that (1) the CPU can access any byte at any time without first accessing any other byte, and (2) the time it takes the CPU to access any byte of memory is the same no matter which byte it is accessing.

· Dynamic RAM requires a charge to keep the capacitors (the state devices) properly charged. (Hence, when you turn off the computer, the charge disappears, causing your data, like your term paper, to disappear.  Thus, save often!)
· The Central Processing Unit (CPU) is like the factory, where programs are executed.
· The only tasks the CPU knows how to execute are in the Arithmetic Logic Unit (ALU), consisting of some electrical circuits, each of which is responsible for doing one specific task.
· CPU uses a special circuit, the Machine Cycle, to call on the ALU circuits as needed to execute programs that have been stored into RAM. (Ex. For your computer to execute MS Word, this program must first be stored into RAM, which is done when you click its icon on the desktop or start menu)
External Devices: To this computer are connected Input/Output devices (i.e., mouse, monitor, printer, microphone, keyboard) and external storage devices (i.e., hard drive, flash drive).  The built-in hard drive is really “external” to the computer (whose job is to compute, not deal in long term storage).

· When you “save” your work (e.g., term paper created in MS Word), you are saving to an external storage device that you selected. (Ex. C:drive is your built in hard drive.  F: Removable Device might be your flash drive.)

Asking the Computer to Copy  Programs and Data into RAM
· Windows: When you turn on the PC...
· The CPU causes Hardware circuits in the CPU to copy a basic part of the Operating System (Windows) to be into RAM.  A specific part of RAM is reserved for the operating system. (No other software can be stored in this reserved part of main memory.) 

· The CPU (hardware) starts the machine cycle with the first instruction of the operating system. The first instructions involve detecting connected external devices and displaying the user interfaces (desktop and tool bars).
· Other Programs: 
· When you click on the icon for a program, the Operating System copies the program from the external storage device containing it (like your hard drive or CD) into RAM and asks the Machine Cycle to execute it.

· When you click on the icon for a data file (like term.doc, which might be a term paper you wrote in MS Word), the Operating System copies the contents of TWO files into RAM: the data file and the associated application program (if there is one).
· Example: Left Clicking on term.doc will cause both term.doc and MS Word to be copied into RAM, because Windows views MS Word as the default associated application to handle all files whose names end in .doc.
· Example: Left Clicking on a dog.jpg file will cause its contents to be copied to RAM.  If Windows has no default application AND you have not selected a default application, Windows will display a popup window from which you are prompted to choose a default application for files with the .jpg extension.
· Example: Right Clicking on the background of your desktop (which is also an icon) causes a utility program to execute, allowing you to change your desktop preferences.  (When you click OK, these new preferences are saved eventually to the hard drive for Windows to use next time you turn on the computer.)
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BOTTOM LINE:  

· The machine cycle (in the CPU) causes software (a set of instructions expressed as bits) in RAM to be executed properly. The last instruction executed is “Halt”, a circuit in every ALU.
· The CPU (central processing unit) can use data and execute software (like Operating System, Word, and RealPlayer)  ONLY AFTER  these are first stored into main memory (RAM). 

· The CPU uses the machine cycle repeatedly to import an instruction in proper sequence from RAM , decode it (selects the proper circuit in the ALU), and ask the chosen circuit to execute the instruction. The machine cycle stops this repetition once “Halt” is executed, a circuit in every ALU.
Software You Create: 

· If you write a program in an English-like programming language like C++ or JavaScript, the instructions you wrote need to be changed into bit patterns that correspond to machine instructions that directly call on the circuits in the ALU. 

· A compiler or translator changes your code into such bit patterns. (The browser runs a translator on the .html file you created, for example.)
· When you see a file name with the ”exe” extension, the software has already been compiled ready for execution).
· To see such files on your PC, Click START( SEARCH(Files or Folders, and fill in the text area for “extension” with EXE.  You will see a list of the executable (compiled) files stored on your hard drive.
· The programs (software) you write and save to the hard drive must be copied to RAM before the CPU can execute it, whether the files are executable or not.

· Software is a sequence of instructions for the computer to carry out expressed in a language the computer understands and can carry out. 
· When you write software (a program), you are in effect teaching the computer how to do a task by using ONLY the instructions it understands and can execute.
· Example: Your web page (your html file) consists of instructions in the html language (tags) that teach the browser how to show your “stuff” .
For more on architecture, see http://computer.howstuffworks.com/hardware-channel.htm, 

  http://en.wikipedia.org/wiki/Computer_architecture., and http://www.pcmech.com/article/von-neumann-architecture/
For info on the man, Von Neumann, see http://www.redfish.com/dkunkle/vonNeumann/
