Problem 1 (25 points)

[8pts] &) You are given the logic diagram below. Complete the truth table for Y = f(A, B, C). Hint: Bubble
matching and simplify.

AH —|>o— AL CH —|>o— CL

Y = f(A B,C)

A B C

CH) D——— 00 0
CH

AH Dof:))_ 0O 0 1

B.Hcﬁ_ 0 1 0

S 01

A.L 1 0 O

B.H 101

1 1 0

1 1 1

[8 pts] b) In this problem you will design a combinational circuit which takes an 8 bit number A[7:0] and
determines if A has an even number of ones. For example, if the input A = 00001100, , then

EVEN_OUT = 1. Thecircuit isbuilt from 1-bit modules as shown below.

A, —{A

Even In ——{ El EOl——» Even Out

Complete the truth table for the module:

A EI EO
0 0

0 1
1 0
11

[6pts] ¢©) Show how the 1-bit modules would be interconnected, using only wires but no extra gates or invert-
ers, to create an 8-bit even-parity checker.

[3pts] d) Determine the maximum delay, assuming 1-unit delay for NOT/NAND/NOR, 2-unit delay for
AND/OR, and 3-unit delay for XOR/XNOR.
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Problem 2 (25 points) Timing

Complete the time diagram for the figure below, assuming unit delays for all gates and inverters (transport delay
only), and no delay in the wires. (The dashed lines in the diagram represent missing sections of the timing dia-
gram.) Complete the table below with the voltage levels at the specified location in the timing diagram, i.e., L for
low and H for high. Example: At location O, the appropriate voltage level is H. (This problem will be graded +1
for correct, O for blank, and —1 for incorrect, with minimum score of 0 points.)

1 6 11 16 21

2 7 12 17 22

3 8 13 18 23

4 9 14 19 24

5 10 15 20 25
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Problem 3 (20 points) FSM Analysis

[12 pts] @) You are given the following FSM to analyze. Compl ete the state transition table.
+5 +5 +5 INPUT A

O ]: T L
Qo Q1 ouT
1 J Q—l Q, 1 Q—l o, 19 @ o:>_

1A “A “A
Clock
Input | Present State | Next State | Output
A 1Q Q Q|Q Q Q| our
0 0O 0 O
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 O
0 1 0 1
0 1 1 O
0 1 1 1
1 0 0 O
1 0O 0 1
1 0 1 O
1 0 1 1
1 1 0 O
1 1 0 1
1 1 1 O
1 1 1 1

[2pts] b) IsthisaMedey or aMoore type FSM?
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[8pts] ) You are give astate transition table for afinite state machine. Complete the state diagram below.

Input | Present State | Next State | Output
A | Q Q Q| @ Q Q | out
0 0O 0 O 1 1 1 0
0 0 0 1 0 0 O 0
0 0O 1 O 0 0 O 0
0 0O 1 1 1 0 1 0
0 1 0 O 1 0 O 0
0 1 0 1 1 1 0 0
0 1 1 O 0 1 1 0
0 1 1 1 0 0 O 0
1 0 0 O 1 1 1 0
1 0O 0 1 0O 0 O 0
1 0O 1 O 0 0 O 1
1 0 1 1 1 0 1 0
1 1 0 O 1 0 O 1
1 1 0 1 1 1 0 0
1 1 1 O 0 1 1 1
1 1 1 1 0O 0 O 0

W @ @
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Problem 4 (20 points)

[8pts] @) Design aMoore FSM with synchronized input A.H, and output B.H. The FSM inputs an N digit
binary number A[N...Q] in serial form, LSB first, and outputs B = A—1. For example, if

A = 110010, then B = 110001,. The FSM isinitially in await state, then continually outputs

bits until the FSM is reset.

Complete the state diagram for the subtractl FSM:

Reset

[12 pts] b) Draw atiming diagram showing B to verify your state diagram, with input A = 110010, .

A—o

Reset —o

FSM
/\

| »B

clock

pdl

Clock [ |
A 0O M 1 L
Reset |
B
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Problem 5 (8 points)

What is the minimum clock period for proper operation for this circuit?

minimum clock period ns
Data:  hold time thog = 3NS
setup time toetyp = ONS

propagationdelay 8ns<t,,<12ns
through FF

propagation delay 5ns< tp < 10ns
through inverter

P

Clock | | | |—
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