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[s1QL.

Is the following Boolean equality correct? Answer yes or no, and then use Boolean
algebra to prove or disprove it.

Xy+yz+yz=xz+yz+yz
Circle Answer: YES NO

Provide Algebraic steps that prove your answer:
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[10] Q2. Using only 2-input NOR gates, give the circuit diagram for the function: [3] Q3. Complete the Karnaugh map below to represent the following logic function:

f=X1x2+x1x3+XIX3 f=)CIX3X4+X2X3X4+X1X3X4+xlxzx3+XIXZX4+XIXzX3X4+x1XzX3X4

using as few gates as possible. Do not assume that the inputs are available for free in
complemented (inverted) form.

xix2 00 01 11 10
X3X4

00
01
11
10
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[7] Q4. For the function represented in the Karnaugh map below,
[10] Q5. Synthesize the following 3-input, 3-output logic function (the inputs are a, b and ¢ and the
a) Find the Boolean expressions representing the minimal cover in both the sum-of- outputs are fj, >, and f3) to obtain a minimum overall (total) cost implementation using
products (SOP) and product-of-sums (POS) forms. only AND, OR and NOT gates. Do not assume that inputs are available in the
complemented (inverted) form. Show all of your work. Your final answer should be a
xix2 00 01 11 10 SOP Form: circuit diagram.
X3X4
00 1 1 1 1 alblc f1 fz f3
0j0j0jOo |1 |1
or (0 |1 |1 ]0 oo o1 o
11 |0 |0 |1 |1 0j1]0]1]0]1
O[1|1|1]|1]0
10 |1 |0 O |1 I EERE
1/0]1]0]0 |0
1[{1]0]1]0]O
11100 |x

POS Form:

b) Compute the cost of implementing both in two levels of logic. Assume that only the
non-inverted inputs are available (i.e. you must include the cost related to inverters).

Cost of SOP form =

Cost of POS form =
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6 6. Using the Karnaugh map below, determine which gate(s) can be removed from the
g g p g
following circuit to reduce the cost as much as possible. Note that you may not create any
new gates, only remove the existing one(s). Assume that every gate and wire you see on [5] Q7. Give the schematic diagram for the following Verilog code. Be sure to label your
this diagram costs something. schematic with the same names as given in the code.
wO [>o ™
gate 1 —L
e gate 4 —~ module g7 (x1,x2,x3,f1l,£f2,clock);

L/ ‘
) gate 5 input x1,x2,x3,clock;
Y D—‘ > O 1 : '

output f1,f£2;

gate 2
J ] 4DM gate 9 reg f1,£2;
>o

e J gate 3 gate 7 always @ (posedge clock)
| begin
gate 8 fl <= x1 & x2 | (!'x3);
wx 00 01 11 10 £2 <= x1 | x3;
yz end
00 endmodule
01
11
10

Answer: The gates to remove are:
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5 8. Give the Verilog code for the following schematic. Use the same names in your code as
2 2 y
given on the schematic. [10] Q9. Using only positive-edge triggered D-type flip flops and any logic gates necessary, design
a synchronous counter that counts through the sequence: 0, 1, 2, 4, 6 and then repeats.

Pl —p Q b Dout a) Give the sequence of the 5 binary numbers that the counter steps through:
| Q

PO
-

Clock
L

b) Give the design of the circuit:
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[5] Q10.

Student Number

The following schematic represents a programmable logic device that has been [51Q11.
programmed. Assume that when two wires that cross are annotated as follows:

it means that the wires are connected, while wires that cross without the “X” are not
connected. Also, assume that gates whose inputs are not connected to anything will take
that inputs as a logical “1”.

Determine the logic function for f and g in terms of x1, x2, and x3. Do not simplify or
optimize the function.
X1 X2 X3

3
3 f Data
= £ 3 Clock
Q
3
23 g

3
f=
g=
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Consider the following negative edge-triggered D-type flip-flop. It has a set-up time of
4ns, a hold time of 2ns and a clock-to-Q time of 3ns.

Data

Clock

The following timing diagram (in which the dashed lines are spaced by 1 ns of time) shows

the signals incident on the flip-flop over a period time.

a) Fill in the correct timing for the output Q (across the entire page). Assume that Q starts
at the value 1. If the value of Q is not known at any point in time, put an X in that 1ns
time slot.

b) Indicate on the timing diagram any point at which the flip-flop will not operate
correctly, and give the name of the problem.

Ins

> |

Page 12 of 14




Last Name Student Number Last Name Student Number

EXTRA SPACE - USE ONLY IF NEEDED EXTRA SPACE - USE ONLY IF NEEDED
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