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5 Components

Processing Unit
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In MIPS,
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2 - GPR -
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ALU

ALU Draw an ALU

>> performs

>> e.g.

Registers

Flip flop Draw a flip flop
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>>

Register Draw a 4 bit register

>> composed of

>>

>> Stored in a
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Control Unit
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I/0

>>

>>

>> PB&J analogy -

Memory

Post Office Analogy

ADDRESS

DATA

Address Space

# address bits

Addressability
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Example: 8 byte memory space

1-byte addressable

word addressable (1 word = 4 bytes)

ADDRESS

DATA

ADDRESS

DATA

address?

address?

How many bits are needed for the

How many bits are needed for the
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Example: 32 byte memory space

2-byte addressable word addressable (1 word = 8 bytes)
ADDRESS DATA ADDRESS | DATA

How many addresses do we have (What is How many addresses do we have (What is
the size of the address space)? the size of the address space)?

How many bits are needed for the How many bits are needed for the
address? address?

Powers of 2

219 220 239 240 259

Example: 32KB byte memory space

Assume a 32KB memory is 8 byte addressable. What is the size of the address space?
How many bits are needed for the address?
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Example: 256GB byte memory space

Assume a 256GB memory is 64 byte addressable. What is the size of the address
space? How many bits are needed for the address?
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	von Neumann Model 
	John von Neumann 
	Born in 1903, in Hungary, became one of the most prominent mathematicians by his 20s  
	Proposed a computer model for processing programs 

	Instruction 
	simplest function executed by a computer, encoded as bits 
	e.g. add, addi, xor, load, store 

	Word 
	basic unit of data used by the processing unit - MIPS is 32 bits 

	von Neumann Model 
	PB&J Analogy 
	                                 --------------- 
	                                |               | 
	                           ---->|   ctrl unit   |- - - 
	                          |     |    (brain)    |     | 
	                          |     |               |                
	                          |      ---------------      | 
	                          |        /|\     |           
	                       (information)|       (ctrl signals) 
	                          |         |     \|/         | 
	 ---------------          |      ---------------                 --------------- 
	|               |         |     |               |     |         |               | 
	|     input     |=============> |  processing   |=============> |    output     | 
	| (ingredients) |  (food) |     |     unit      |     |         |  (sandwich)   | 
	|               |         |     |(tools / hdwr) |               |               | 
	 ---------------          |      ---------------      |          --------------- 
	        |                 |       /|\     |                            /|\ 
	        |                 |        |      |           |                 | 
	        |                 |        |     \|/                            | 
	        |                 |      ---------------      |                 | 
	        |                  -----| inst    data  |< - -                  | 
	        |                       |               |                       | 
	        ----------------------> |      mem      |----------------------- 
	                                |               | 
	                                 --------------- 
	 

	5 Components 
	    processing unit - carries out instructions 
	 
	    control unit - sequences and interprets instructions 
	 
	    input - external information into the memory 
	    e.g. keyboard, mouse 
	    output - produces results for the user 
	    e.g. monitor, printer 
	    memory - holds both data and instructions 
	 


	Processing Unit 
	    Does the actual work - can have many sub-units 
	                   utensils, hands, plate 
	    Generally operates on words of data 
	    In MIPS, 1 word = 32 bits = 4 bytes 
	    At minimum, has 2 components: 
	    ALU - arithmetic and logic unit 
	    GPR - general purpose registers 
	 
	ALU 
	   performs basic arithmetic and 
	   logic operations 
	   e.g. add, sub, and, not, shifts 

	Registers 
	   smallest form of computer storage 
	   stores 1 bit 
	   composed of multiple flip flops 
	   quick access local variable 
	   / intermediate data storage during processing 
	   --- 
	   Stored in a register file 
	   MIPS has 32 general purpose registers 


	Control Unit 
	    Fetches and decodes instruction 
	    Coordinates actions from memory, processing unit and I/O 
	    needed to execute the instruction 
	    Communicates with memory via program counter (instruction pointer) 
	    And instruction register 
	                   cook's brain 

	I/O 
	    Known as peripherals 
	    External to the CPU 
	                   Ingredients, sandwich 

	Memory 
	ADDRESS 
	DATA 
	111 
	0x00 
	110 
	0xEF 
	101 
	0xCD 
	100 
	0xAB 
	011  
	0x78 
	010  
	0x56 
	001  
	0x34 
	000  
	0x12 
	Memory is like a post office w/PO boxes 
	There are fixed PO box #s 
	 
	The contents are continuously changing 
	 
	 
	Address Space 
	# uniquely identifiable memory locations 
	# address bits define # mem locations 
	e.g. 28-bit address => there are 2^28 memory locations  
	e.g. MIPS - 32 bits 

	Addressability 
	# of bytes of memory referenced at a given address 
	 
	Example: 8 byte memory space 
	ADDRESS 
	DATA 
	0x7 
	0x00 
	0x6 
	0xEF 
	0x5 
	0xCD 
	0x4 
	0xAB 
	0x3  
	0x78 
	0x2 
	0x56 
	0x1  
	0x34 
	0x0 
	0x12 
	3 
	ADDRESS 
	DATA 

	0x1  
	0xABCDEF00 
	0x0 
	0x12345678 
	1 

	 
	Example: 32 byte memory space 
	ADDRESS 
	DATA 
	0xF 
	0X3333 
	0xE 
	0x2222 
	... 
	 
	0x1  
	0x5678 
	0x0 
	0x1234 
	16 
	4 
	ADDRESS 
	DATA 

	 
	 
	0x3 
	0x9999AAAABBBBCCCC 
	0x2 
	0x5555666677778888 
	0x1 
	0x1111222233334444 
	0x0 
	0x12345678ABCDEF00 
	4 
	2 


	Powers of 2 
	kilo 
	mega 
	giga 
	tera 
	peta 
	1 KB = 1024 B 
	1 MB = 1024 KB 
	1 GB = 1024 MB 
	1 TB = 1024 GB 
	1 PB = 1024 GB 

	Example: 32KB byte memory space 
	32KB = 32  * 1024 
	     = 2^5 * 2^10 = 2^15 
	 
	8 = 2^3 
	 
	# addresses = 2^15 / 2^3 = 2^12 => 12 bits needed for the address 

	Example: 256GB byte memory space 
	256GB = 256 * 1G 
	      = 2^8 * 2^30 = 2^38 
	 
	64 = 2^6 
	 
	# addresses = 2^38 / 2^6 = 2^32 => 32 bits needed for the address 


	 

