Revision 3
Q1
(i) For the functions  the    and .  
Answer the following.
(a) Show the truth tables for the functions  and 			
(b) Logic  Expressions							
(c) Show how  and 	can be implemented using one Decoder.	
(d) Design them using Programmable Logic Array (PLA)

SOLUTION
Truth Table for 
	A
	B
	C
	
	

	0
	0
	0
	0
	0

	0
	0
	1
	0
	1

	0
	1
	0
	0
	1

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	1
	0

	1
	1
	0
	1
	0

	1
	1
	1
	1
	0



Logic Expression
   			
   	

Decoder Diagram
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PLA Diagram
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Q2
(i) For a  3- input LUT of an FPGA Logic block and  determine the bits to be stored in its storage cell by using   the function   to realize by answering the following
(a) Truth Table								
(b) Design a  3- input LUT of an FPGA by assuming the value of inputs to be 001 respectively.	
SOLUTION	
	A
	B
	C
	f

	0
	0
	0
	1

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	0

	1
	0
	0
	1

	1
	0
	1
	0

	1
	1
	0
	0

	1
	1
	1
	1
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Q3
(i) Design the following function using PAL.
(a) and 
(b) + 		
SOLUTION
[image: Diagram
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Q4					
(i) Write short notes on Programming FPGA	
SOLUTION
· A field-programmable gate array (FPGA) is a programmable logic device that supports implementation of relatively large logic circuits.
· FPGAs can be used to implement logic circuits of more than a million equivalent gates in size. 
· Some examples of commercial FPGA products, from Altera and Xilinx.

[image: A diagram of a block
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· The storage cells in the LUTs in an FPGA are volatile, which means that they lose their stored contents whenever the power supply for the chip is turned off. Hence the FPGA must be programmed every time power is applied. 		
· Often a small memory chip that holds its data permanently, called a programmable read-only memory (PROM), is included on the circuit board that houses the FPGA. 
The storage cells in the FPGA are loaded automatically from the PROM when power is applied to the chips.						
(ii) Explain the operation of 3 input LUTs	
[image: A diagram of a computer code
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· A three-variable truth table has 8 rows, this LUT has 8 storage cells. 
· One cell corresponds to the output value in each row of the truth table. 
· The input variables x1, x2 and x3 are used as the select inputs of  multiplexers, which, depending on the valuation of x1, x2 and x3 select the content of one of the eight storage cells as the output of the LUT.					
Operation
· When x1 = x2 = x3=0, the output of the LUT is driven by the top storage cell, which represents the entry in the truth table for x1x2x3 = 000. 
· Similarly, for all valuations of x1, x2 and x3, the logic value stored in the storage cell corresponding to the entry in the truth table chosen by the particular valuation appears on the LUT output. 
· Providing access to the contents of storage cells is only one way in which multiplexers can be used to implement logic functions	
Q5
(i) Program FPGA for the functions  +   by considering 
[image: A diagram of a computer program
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(ii) Differentiate Programmable Array Logic and Programmable Logic Array.
	
	PLA
	PAL

	Structure
	The structure of a PLA is more complex, with both programmable AND and OR arrays. This allows for greater flexibility in implementing various logic functions.
	PAL has a simpler structure with fixed OR gates and programmable AND gates. It is more straightforward but may have limitations in terms of flexibility compared to PLA.     

	Programmability
	Offers a higher degree of programmability due to both the programmable AND and OR arrays. This flexibility allows for a wide range of logic functions.
	PALs have a more limited degree of flexibility compared to PLAs because only the AND array is programmable

	Speed
	PLAs can offer faster operation due to their more flexible structure, allowing for optimized implementations of logic functions.
	PALs may have slightly slower operation in comparison because of their more limited structure.
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AND plane

An example of a PAL.
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