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Lab 3: Basic Components of Computer

Objectives:

The main objective of this lab is to get you familiarized with basic components of computer.

Task 1: CPU Organization
Activity 1.1: Read Chapter 4 to understand how computers work, one must become familiar with the components and how they are organized. The CPU is a good component to start with as its operation is very easy to understand.
Activity 1.2: Find and write down definition for each of the followings:

Datapath 
	The datapath is a network of storage units (registers) and arithmetic and logic units connected by buses. 


Registers 
	Registers are used widely in computer systems as places to store a wide variety of data such as addresses program counters or data necessary for program execution.


ALU 
	The ALU carries out the logic operations (for example comparisons) and arithmetic operations (such as add or multiply) required by the instructions being executed by the computer system. 


Control Unit 
	The control unit is responsible for extracting instructions from memory decoding these instructions making sure data is in the right place at the right time telling the ALU which registers are to be used servicing interrupts and turning on the correct circuitry in the ALU for the execution of the desired operation.


Buses 
	Buses are the devices that allow various components in the system to communicate. In particular address buses and data buses are important.


Interrupts 
	Interrupts are events that alter the normal flow of execution in a computer system. They are used for I/O, error handling, and other miscellaneous events, and the system cannot function properly without them.


Activity 1.3: Explain what the CPU should do when an interrupt occurs. Include in your answer the method the CPU uses to detect an interrupt, how it is handled and what happens when the interrupt has been serviced.

	The CPU checks, at the beginning of the fetch decode execute cycle to see if an interrupt is pending. (This is often done via a special status or flag register.) If so, an interrupt handling routine is dispatched, which itself follows the fetch decode execute cycle to process the handler's instructions. When the routine is finished, normal execution of the of the program continues.


Task 2: Memory Organization and Addressing

Understand how a computer function requires not only an understanding of how memory is built, but also how it is laid out and addressed.

Activity 2.1: How many bits would you need to address a 2M ( 32 memory if

a. The memory is byte-addressable?
	There are 2M ( 4 bytes which equals 2 ( 220 ( 22 = 223 total bytes, so 23 bits are needed for an address.


b. The memory is word-addressable?

	There are 2M ( 2 words which equals 2 ( 220 ( 2= 222 so 22 bits are required for an address.


Activity 2.2: How many bits are required to address a 1M ( 8 main memory if 
a. The memory is byte-addressable?
	There are 1M ( 1 bytes which equals 220 total bytes, so 20 bits are needed for an address. 


b. The memory is word-addressable?

	There are 1M words which equals 220, so 220/2 = 219 ( 19 bits are required for an address. 


Activity 2.3: Suppose that a 16M ( 16 main memory is built using 512K ( 8 RAM chips and memory is word-addressable.
a. How many RAM chips are necessary?
	64 (32 rows of 2 columns)




b. How many RAM chips are there per memory word? 
	2




c. How many address bits are needed for each RAM chip? 
	512K = 29 210 = 219, so 18 bits




d. How many banks will this memory have? 
	32



e. How many address bits are needed for all of memory? 
	16M = 224, so 24 bits


f. If high-order interleaving is used, where would address 14 (which is E in hex) be located? 
	Bank 0 (000)


g. Repeat Exercise 6f for low-order interleaving. 
	Bank 14 (110) if counting from 0, Bank 15 if counting from 1


Activity 2.4: Assume a 220 byte memory:

a. What are the lowest and highest addresses if memory is byte-addressable?
	There are 220 bytes, which can all be addressed using addresses 0 through 220 ( 1 with 20 bit addresses -- 0 – 1048575.


b. What are the lowest and highest addresses if memory is word-addressable, assuming a 16-bit word?
	There are only 219 words and addressing each requires using addresses 0 through 219 ( 1 with 20 bit addresses -- 0 - 524287.




c. What are the lowest and highest addresses if memory is word-addressable, assuming a 32-bit word?
	There are only 218 words and addressing each requires using addresses 0 through 218 ( 1 with 20 bit addresses -- 0 - 262143.




Activity 2.5: Given a memory of 2048 bytes consisting of several 64 Byte x 8 RAM chips. Assuming byte-addressable memory, which of the following seven diagrams indicates the correct way to use the address bits? Explain your answer.
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