ELEC 2200-002 Digital Logic Circuits
Final Exam, December 12, 2008




Total 20 points
Broun 238, 4:00-6:30PM
Instructions: Please read all problems before writing your answers. Attempt all five (5) problems. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the exam as shown above, write your name and the total number of pages, and staple them before submitting. Thank you.
Problem 1:








5 points
Construct a state diagram from the following state table, which specifies the function of a three-state sequential circuit. The states are labeled A, B, and C, the input is X and output is Z.  The entries in the table are “next state/Z”. Assuming that the initial state of the machine is A, find the output sequence for an input sequence X = 0010110101 (read left to right). Also give the next state sequence generated by the machine.
	Present state
	Next state, Output (Z)

	
	Input, X  = 0
	Input, X = 1

	A
	B/0
	C/1

	B
	C/1
	B/0

	C
	A/0
	A/1


Solution: The state diagram is shown below.



The next state sequence and the output sequence are given below:

	Present state →
	A
	B
	C
	A
	B
	B
	B
	C
	A
	B

	Input X →
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1

	Next state →
	B
	C
	A
	B
	B
	B
	C
	A
	B
	B

	Output, Z →
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0


Problem 2: 








5 points

The following state diagram shows a four-state sequential machine. The states are A, B, C and D, input is X and output is Z.

(a) Construct the state table.
(b) The circuit is implemented with two D-flip-flops whose outputs are Y1 and Y2. Using the state assignment, A: Y1, Y2 = 00, B: Y1, Y2 = 01, C: Y1, Y2 = 11, and D: Y1, Y2 = 10, determine a truth table for output Z and next state variables, Y1* and Y2*.
(c) Synthesize combinational logic and show that, Z = Y1, Y1* = Y2, and Y2* = X. Give a schematic of the sequential circuit.
Solution:

(a) The state table is as follows:

	Present state
	Next state/output (Z)

	
	Input, X = 0
	Input, X = 1

	A
	A/0
	B/0

	B
	D/0
	C/0

	C
	D/1
	C/1

	D
	A/1
	B/1


(b) Substituting the given state assignment in the above state table, we get

	Present state: Y1, Y2
	Next state Y1* Y2*/output (Z)

	
	Input, X = 0
	Input, X = 1

	A: 00
	00/0
	01/0

	B: 01
	10/0
	11/0

	C: 11
	10/1
	11/1

	D: 10
	00/1
	01/1



The truth table is as follows:

	Combinational logic inputs
	Combinational logic outputs

	X
	Y1
	Y2
	Z
	Y1*
	Y2*

	0
	0
	0
	0
	0
	0

	0
	0
	1
	0
	1
	0

	0
	1
	0
	1
	0
	0

	0
	1
	1
	1
	1
	0

	1
	0
	0
	0
	0
	1

	1
	0
	1
	0
	1
	1

	1
	1
	0
	1
	0
	1

	1
	1
	1
	1
	1
	1


(c) Comparing the columns of the truth table, we observe:

Z = Y1
Y1* = Y2
Y2* = X

The circuit, as shown in the following schematic, is a two-bit shift register.

Problem 3:








5 points
 
(a) Using the implication table method, minimize the states for the following sequential circuit:
	Present state
	Next state/output (Z)

	
	Input, X = 0
	Input, X = 1

	A
	A/0
	E/1

	B
	E/1
	C/0

	C
	A/1
	D/1

	D
	F/0
	G/1

	E
	B/1
	C/0

	F
	F/0
	E/1

	G
	A/1
	D/1


(b) Construct the reduced state table.

(c) What are the minimum numbers of flip-flops the original and the reduced-state circuits will require?

Solution:

(a) The implication table is as follows:



Equivalent states are A = F, B = E, and C = G.
(b) The reduced state table is as follows:

	Present state
	Next state/output (Z)

	
	Input, X = 0
	Input, X = 1

	S0 = {A, F}
	S0/0
	S1/1

	S1 = {B, E}
	S1/1
	S2/0

	S2 = {C, G}
	S0/1
	S3/1

	S3 = {D}
	S0/0
	S2/1


(c) The minimum number of flip-flops are:

For original state machine, Nff = (log2 7 ( = 3
For reduced state machine, Nff = ( log2 4 ( = 2
Problem 4:








5 points
A traffic light controller circuit is designed as a Moore machine whose output is uniquely determined by the state of the circuit. It has three states:

(1) R: only red light is on
(2) Y: only yellow (or orange) light is on
(3) G: only green light is on
The circuit has two inputs:

(1) A: remains 0 and becomes 1 once every 60 seconds
(2) B: remains 0 and becomes 1 once every 5 seconds
States R and G are only sensitive to A. Input A = 1 changes the state from R to G and from G to Y. For A = 0 and for any value of B, states R and G remain unchanged. State Y is only sensitive to B. Input B = 1 changes state from Y to R. For any value of A, and B = 0, the state Y remains unchanged.
(a) Sketch a state diagram. Since the output is uniquely determined by state, you do not have to specify the outputs in the state diagram.
(b) Construct the state table.
(c) The circuit is implemented with two state variables Q0 and Q1 encoding the states as R: Q0, Q1 = 00; Y: Q0, Q1 = 11 and G: Q0, Q1 = 01. Include the state assignment in the state table and construct a truth table for the two next state variables Q0* and Q1* as functions of inputs A and B, and the present state variables Q0 and Q1. Show any unspecified next states as don’t care (().
(d) Use Karnaugh maps to derive the minimized Boolean expressions for Q0* and Q1*. Give the literal count for the multi-output minimized form.
Solution: 
(a) The state diagram of the traffic light controller is as follows:


(b) The state table is as follows:

	Present state
	Next state

	
	A, B  = 00
	A, B = 01
	A, B = 10
	A, B = 11

	R
	R
	R
	G
	G

	Y
	Y
	R
	Y
	R

	G
	G
	G
	Y
	Y


(c) State table with state assignment is as follows:

	Present state

Q0, Q1
	Next state, Q0*, Q1*

	
	A,B  = 00
	A, B = 01
	A, B = 10
	A, B = 11

	R: 00
	00
	00
	01
	01

	Y: 11
	11
	00
	11
	00

	G: 01
	01
	01
	11
	11


The truth table is as follows:

	Combinational logic inputs
	Combinational outputs

	A
	B
	Q0
	Q1
	Q0*
	Q1*

	0
	0
	0
	0
	0
	0

	0
	0
	0
	1
	0
	1

	0
	0
	1
	0
	(
	(

	0
	0
	1
	1
	1
	1

	0
	1
	0
	0
	0
	0

	0
	1
	0
	1
	0
	1

	0
	1
	1
	0
	(
	(

	0
	1
	1
	1
	0
	0

	1
	0
	0
	0
	0
	1

	1
	0
	0
	1
	1
	1

	1
	0
	1
	0
	(
	(

	1
	0
	1
	1
	1
	1

	1
	1
	0
	0
	0
	1

	1
	1
	0
	1
	1
	1

	1
	1
	1
	0
	(
	(

	1
	1
	1
	1
	0
	0


(d) Karnaugh maps for Q0* and Q1* are shown below:


The outputs of combinational logic are:

Q0* = P1 + P2 =(B Q0 + A Q1(Q0

Q1* = P1 +P3 + P4 = (B Q0 + A(Q0 +(Q0 Q1
Total literal count in four product terms is 9.
Problem 5 (Bonus Question) 





1 point
A clocked circuit has a one-bit serial data input and a 32-bit parallel output. The output consists of the past 32 inputs. What hardware will you use to design this circuit? Give a schematic.
Solution: The given function can be obtained by a 32-bit shift register. It consists of 32 D-flip-flops. The schematic is given below. It is preferable to use flip-flops with a clear input so that the circuit can be initialized.
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P1 = (B Q0 


(2 literals)











P2  = A Q1(Q0 


(3 literals)





P3  = A(Q0 


(2 literals)





P4 = (Q0 Q1 


(2 literals)
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