
CSE 140 Homework One

July 5, 2012

Only Problem Set Part B will be graded. Turn in only Problem Set Part B which will
be due on July 16, 2012 (Monday) at 4:00pm.

1 Problem Set Part A

• textbook 1.4

• textbook 1.5(a)(e)(f)

• textbook 1.6(c)(e)(f)

• textbook 2.1(a)(b)

• textbook 2.4(c)(d)

• textbook 2.5(d)

• textbook 2.6(b)(d)

• textbook 2.7(d)

• textbook 2.8(b)

• textbook 2.10

• textbook 2.11(b)

• textbook 2.13(b)(c)

• textbook 2.15(c)

• textbook 2.17(b)(c)

• textbook 2.19(c)(d)

• textbook 2.30

• textbook 3.1(a)(b)

• textbook 3.6(a)(b)

• textbook 3.7
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2 Problem Set Part B

1 (Complement number system)

(Part A) Fill in the following table to list the decimal equivalent of each 3-digit, 3’s comple-
ment number. Note that you should be able to represent each one of the 27 decimal numbers
in the range of [-13..13] by 3 digits in the 3’s complement number system.

3’s complement number Decimal value
000
001
002
010
011
012
020
021
022
100
101
102
110
111
112
120
121
122
200
201
202
210
211
212
220
221
222
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(Part B) The following table lists all possible cases that you can encounter when multiplying
two 3’s complement numbers. Fill in each one of the four boxes in this table with PPSE, if
partial product sign extension is performed, and with CS, if the correction step is performed in
the case corresponding to the box. Explain what the value of the sign bit of the partial product
will be under what conditions. Also, explain how 3’s complement correction step differs from the
correction step in 2’s complement multiplication.

Multiplicand/multiplier + -
+
-

Partial product sign extension (PPSE):

Correction step (CS):

(Part C) Perform the following multiplication operation in the 3’s complement number system
by filling in the boxes.

1 0 1

11 1

0 0 00

x

+

+

+
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(Part D) Perform the following multiplication operation in the 3’s complement number system
by filling in the boxes.

2 0 2

11 2

0 0 00

x

+

+

+
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2 (Hamming Code & Error Correction)

An engineer proposes to develop a circuit that converts a 4-bit 2421 Code (a, b, c, d) to a
4-bit Excess-3 Code (x, y, z, w). To protect the 4 outputs x, y, z, and w against single gate
faults during the transformation process, he proposes to use Hamming Codes and introduces 3
parity bits (p2, p1, p0). Yet to preclude anyone from easily decoding his design, he shuffles the 4
outputs x, y, z, and w, and then generates parity bits for the shuffled sequence. In his proposal,
he specifies the values of each output and each parity bit, as shown in the following truth table.

Inputs Outputs Parities
a b c d x y z w p2p1p0

0 0 0 0 0 0 1 1 0 1 0
0 0 0 1 0 1 0 0 0 1 1
0 0 1 0 0 1 0 1 1 1 0
0 0 1 1 0 1 1 0 1 0 0
0 1 0 0 0 1 1 1 0 0 1
1 0 1 1 1 0 0 0 1 1 0
1 1 0 0 1 0 0 1 0 1 1
1 1 0 1 1 0 1 0 0 0 1
1 1 1 0 1 0 1 1 1 0 0
1 1 1 1 1 1 0 0 1 0 1

(Part A) When the engineer was explaining his design to his colleagues, he unfortunately
forgot the exact shuffled sequences of the 4 outputs in the Hamming Code form (based on which
the values of the parity bits are developed). Please help him identify the exact bit position of
each output, by filling out the following table using x, y, z, and w.

Position 7 6 5 4 3 2 1

Bit p2 p1 p0
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(Part B) To protect the 4 outputs (x, y, z, w) against single bit errors, a module that produces
the parity bits (p2, p1, p0) is added into the circuit implementation. In his proposal, the engineer
claims that this module should take (a, b, c, d) as inputs. Yet his colleagues disagree, and claim
that the module should take (x, y, z, w) as inputs.

Who do you agree with, the engineer or his colleagues? Please provide a brief reasoning in
support of your answer.

(Part C) To reduce the cost of the circuit, the engineer proposes to exploit the possibility of
partially sharing some gates among the different pieces of logic leading to the outputs. He says
that the module for producing (x, y, z, w) should exploit the commonality among x, y, z, and w,
and the module for producing (p2, p1, p0) should exploit the commonality among p2, p1, and p0.
Yet his colleagues state that neither module should exploit this sharing possibility because there
is a chance that sharing may impact error correction.

If you agree with his colleagues, please explain how the sharing of gates can impact error
correction. If you think the engineer is right, please explain why sharing would not impact error
correction.
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3 (Boolean Algebra)

This question concerns a Boolean Algebra of 8 variables, 0, A, B, C, D, E, F, and 1. You can
find the Boolean axioms and theorems we have discussed in class at the end of the test, in case
you need a refresher. (Hint: To answer this question you need nothing more than the Boolean
axioms and the Boolean theorems given at the end of the test!)

We are given two operations “+” and “·”, with identity elements, 0 and 1, respectively, over
the set {0, A, B, C, D, E, F, 1}. Two partially filled tables provide us some information about
this particular Boolean Algebra, but not enough. In the next two page we are going to complete
these two tables step by step.

0 A B C D E F 1

0 A B C D E F

F

E

D

C

B

A

1

0

0

0

0

00

0

A

B C

1

0 A B C D E F 1

0 A B C D E F 1

F

E

D

C

B

A

1

0

+

1

1

1

1
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(Part A) In this part we would like you to fill in the some entries in the “·” table, specified by
the dashed circles. You can fill in all these circles by applying identity and commutativity.

0 A B C D E F 1

0 A B C D E F

F

E

D

C

B

A

1

0

0

0

0

00

0

A

B C

1

(Part B) Based on the information you get from (Part A), you can fill in the circles in the
“+” table by applying De Morgan’s law. (Hint: From the information already given to you
on the previous page, you can identify 3 pairs of complements.)

0 A B C D E F 1

F

E

D

C

B

A

1

0 0 A B C D E F 1

1

1

1

1

+
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(Part C) Again, based on the information you get from (Part A), you can fill in the circles in
the “+” table specified below by applying absorption. (Hint: “Absorption” tells you that for
each x, the expression x = x + yx is true for all possible y’s.)

0 A B C D E F 1

0 A B C D E F 1

F

E

D

C

B

A

1

0

+

1

1

1

1

(Part D) Based on the information you get from (Part C), you can fill in the circles in the
following table by applying De Morgan’s law.

0 A B C D E F 1

0 A B C D E F 1

F

E

D

C

B

A

1

0

0

0

0

00

0

A

B C
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