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Question 1 (10 marks)

Part A (5 marks):

For the function,


f(w1, w2, w3) = ∑ m(0, 2, 3, 6) 

Use Shannon’s expansion to derive an implementation using a 2-to-1 multiplexer and any other necessary gates. 

Question 1 Part B (5 marks)
Using a conditional signal assignment, write VHDL code for an 8-to-3 priority encoder. 
Question 2 (20 marks)

Part A (10 marks)

An n-bit counter functions as a modulo 2n counter.  Suppose that we wish to have a counter that counts modulo to some base that is not a power of 2.  For example, we may want to design a modulo-6 counter for which the counting sequence is 0, 1, 2, 3, 4, 5, 0, 1 and so on. 
Show two methods to design such a counter and show the waveform for each one of them.  Indicate if there is any problem associated with your design and suggest a solution (briefly explain). 

Question 2 part B (10 marks):

Write VHDL code that represents a modulo-12 up-counter with synchronous reset. 
Question 3 (20 marks):

Part A (10 marks)

This question deals with the synthesis of synchronous sequential circuits. 
Using the method of portioning minimization procedure minimize the state table below, and show the sets P1 to P5 and your reduced table (hint: the reduced table contains 5 states). 

	Present

State

y2y1y0
	Next states
	Output Z

	
	X = 0
	X = 1
	X = 0
	X = 1

	
	Y2Y1Y0
	Y2Y1Y0
	
	

	A
	B
	C
	0
	0

	B
	C
	D
	1
	0

	C
	B
	E
	0
	0

	D
	F
	E
	0
	0

	E
	G
	A
	0
	0

	F
	F
	H
	1
	0

	G
	A
	D
	1
	0

	H
	D
	F
	1
	1



P1 = (ABCDEFGH)

P2 = 


P3 = 


P4 = 


P5 = 

	Present

State

y2y1y0
	Next states
	Output Z

	
	X = 0
	X = 1
	X = 0
	X = 1

	
	Y2Y1Y0
	Y2Y1Y0
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Question 3 Part B (10 marks)
For the reduced table in part A, determine the implementation equations for the next state and output variables by using a sequential state assignment. 

Compare the output equation with that of an output generated by using a Gray state assignment (avoiding two variable changes). Use the circuit cost measure for your comparison.
Question 4 (30 marks):

Part A (10 marks)

For the following flow table:
	Present

States
	Next state
	Output

Z

	
	[image: image5.emf]w2w1 = 00
	01
	10
	11
	

	A
	A
	G
	E
	-
	0

	B
	K
	-
	B
	D
	0

	C
	F
	C
	-
	H
	1

	D
	-
	C
	E
	D
	0

	E
	A
	-
	E
	D
	1

	F
	F
	C
	J
	-
	0

	G
	K
	G
	-
	D
	1

	H
	-
	- 
	E
	H
	1

	J
	F
	-
	J
	D
	0

	K
	K
	C
	B
	-
	0


1. Show the reduced table using portioning procedure.
2. Show the merger diagram for the table.
Question 4 Part B (10 marks)
1. For the reduced table of part A, convert the table into the form of Mealy model. 

2. Show the merger diagram.
3. Show the complete reduced table. 

Question 4 Part C (10 marks)

1. For the reduced table of part B, show the original transition diagram. 

2. Modify the transition diagram to avoid any diagonals.
3. Show the final excitation table, using a suitable state assignment.
Question 5 (20 marks):

Part A (10 marks)

All transitions between stable states in the following flow table have a Hamming distance of 2, since we are utilizing a one-hot state assignment for the table rows.  We can add unstable states to try and reduce the Hamming distance by 1 for each transition from a stable state to another, passing through an unstable state.  Your task is to determine the encodings of the unstable states, and the new values for the next state and output variables to reflect the addition of the unstable states.  Complete the table below with your answers.
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Question 5 Part B (10 marks)
For the following logic circuit f(a, b, c, d) determine the static hazards. Redesign the circuit to be hazard-free and having the same output gate. Show the final circuit.  Note that the * in the figure indicates the complemented form of the variable.
[image: image3.jpg]



Bonus Question (5 marks):

Convert the Mealy machine in the following figure into a Moore machine.  Show the resulting finite state machine.

