
CSE 140 Homework One

October 4, 2021

Only Problem Set Part B will be graded. Turn in only Problem Set Part B which will be due
on October 19, 2021 (Tuesday) at 11:59 PM.

Problem Set Part A

All questions in this part are from R oth&Kinney, 7th E dition.

• 1.1, 1.3, 1.4, 1.5, 1.7, 1.15, 1.19, 1.23, 1.26, 1.29, 1.34, 1.42, 1.44

• 2.1, 2.3, 2.5, 2.6, 2.7, 2.8, 2.11, 2.22, 2.30

• 3.6, 3.9, 3.10, 3.12, 3.15, 3.16, 3.18, 3.19, 3.20, 3.21, 3.29, 3.30, 3.33, 3.34, 3.36, 3.37, 3.38
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1     Conversion Puzzles (30 Points)
(Part A) Please do the basic conversions below and fill in the blanks.

• 20003 = 15

• 1405 = 15

• 120021202021.2129 = 27

• 211.113 = 7

(Part B) Warmed up by the previous question, now please solve the following question and fill in
the blanks. Your solutions may not contain any leading zeros.

• 0
3 =

0
5 = 15

• 0
4 =

0
6 =

1
24

• AB CDEF GHI8 7654 321035 = 1000 4301 0413 0030 4032 2203 3101 3441 4323 3420x

x =

Hint: pay attention to the number of digits.
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Problem Set Part B



(Part C) Now that you are on a roll with conversion problems. Please let us know the base x for
which the following equation holds and identify the middle digit y of the result.

12x × 68x = 7 y 1x

x =

y =
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POSITION 7 6 5 4 3 2 1
BIT x7 x6 x5 x4 x3 x2 x1

ASSIGNMENT m0 m1 m2 p0 m3 p1 p2

You also recall the standard equations for the error correction and the parity bits, provided below:

correction equations

c0 = x4 ⊕ x5 ⊕ x6 ⊕ x7

c1 = x2 ⊕ x3 ⊕ x6 ⊕ x7

c2 = x1 ⊕ x3 ⊕ x5 ⊕ x7

parity equations

x4 ← p0 = x5 ⊕ x6 ⊕ x7

x2 ← p1 = x3 ⊕ x6 ⊕ x7

x1 ← p2 = x3 ⊕ x5 ⊕ x7

Finally, you note that diagnosing an error is trivial in this system, as the sequence c0c1c2 always 
spells out the position at which an error occurs as a binary number. We will keep the correction
equations constant throughout this question so as to partake of this ease in faulty bit identification.

As you glance at the tables above, it is clear that the correction and the parity equations are
intimately related. While this results in hardware savings, it does tie up your hands in coming up with
new variations in correction codes. We will therefore entertain the possibility of changing the parity
equations (while keeping the correction equations constant) throughout this question.

(Part A) In the standard scheme discussed in class, the parity bits are at positions 4, 2, and 1, meaning

that x4 ← p0, x2 ← p1, x1 ← p2. For your first experiment with shifting the parity bits around, you decide 
to place p2 at position x3 instead (while leaving the other parity bits intact). In doing so, you maintain the 
order of the data bits and move the x3 data bit into x1. Please write out the new parity equation for 
p2 that will maintain the desired error correction behavior of the c2 equation.

x3 ← p2 = ⊕ ⊕
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2    Error Correction (35 Points)

Overloaded with work from all your classes, you decide to take respite in messing around with error 
correction codes. The non-contiguity of the parity bits is bugging you, and you decide to investigate 
whether it is possible to design a new error correction scheme that satisfies your wildest dreams.

As you recall, the standard error correction scheme uses 4 data bits m0, m1, m2, m3 and 3 parity 
bits p0, p1, p2, and is constructed as follows:



(Part B) You may have noticed that in selecting the x3 position for our parity bit, we have introduced 
a dependency, as the standard parity equation for p1 has p1 = x3 ⊕ x6 ⊕ x7 where the x3 will now be the 
new parity bit p2 that itself needs to be computed. This is not an issue however, as p2 may simply be 
computed first, passing its value to the p1 computation.

Suppose that you had a 4-bit block of data containing 1101, and you wanted to employ
this newly modified parity scheme.

a) Please use the standard parity equations for p0 and p1 alongside the new equation for p2 to

compute the values for the 3 parity bits. Next, use them to fill in the full error-protected codeword in
the table below. (The data bits have already been placed for you.)

parity bits

p0 = ⊕ ⊕ =
p1 = ⊕ ⊕ =
p2 = ⊕ ⊕ =

codeword bits

x7 x6 x5 x4 x3 x2 x1

1 1 0 1

b) To convince yourself that this scheme works, let us go through a few examples. In the following
two cases, consider a bit flip in the specified bit of the codeword (which may occur in either the data or
the parity bits). First, fill in the parity bits of the codeword, explicitly compute the correction equations
by showing the value of their inputs, and verify that the scheme functions correctly.

i) Error at x1.

codeword with error

x7 x6 x5 x4 x3 x2 x1

1 1 0 0

error correction bits

c0 = ⊕ ⊕ ⊕ =
c1 = ⊕ ⊕ ⊕ =
c2 = ⊕ ⊕ ⊕ =

ii) Error at x3.

codeword with error

x7 x6 x5 x4 x3 x2 x1

1 1 0 1

error correction bits

c0 = ⊕ ⊕ ⊕ =
c1 = ⊕ ⊕ ⊕ =
c2 = ⊕ ⊕ ⊕ =
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(Part C) The dependency that you observed earlier is somewhat troubling though. While the
sequential approach to its resolution worked in this case, its additional resolution delay motivates you to
see whether the dependency may be removed through Boolean transformations. Please simplify p1 (while 
leaving all correction equations intact) using the same x3 ← p2 parity equation that you have been 
working with throughout.

p1 = x3 ⊕ x6 ⊕ x7 = p2 ⊕ x6 ⊕ x7 =

(Part D) Now that you are quite comfortable with all of these manipulations, you decide to
experiment with various combinations of parity bit assignments. You now decide to alter the other
parity bits as well.

a) First, you choose x1 ← p2, x3 ← p1 and x6 ← p0. Please first write the un-simplified parity 
equations in the table on the left, and then simplify them as much as possible by substituting the parity
bits with their XOR expressions. Please provide the simplified results in the table on the right. If you
encounter a problem, please identify its cause and justify why it obstructs simplification.

un-simplified equations

x6 ← p0 = ⊕ ⊕
x3 ← p1 = ⊕ ⊕
x1 ← p2 = ⊕ ⊕

simplified equations

p0 =
p1 =
p2 =

b) For a second example, you pick x7 ← p2, x3 ← p1 and x5 ← p0. Please first write the un-simplified
parity equations in the table on the left, and then simplify them as much as possible by substituting
the parity bits with their XOR expressions. Please provide the simplified results in the table on the
right. If you encounter a problem, please identify its cause and justify why it obstructs simplification.

un-simplified equations

x5 ← p0 = ⊕ ⊕
x3 ← p1 = ⊕ ⊕
x7 ← p2 = ⊕ ⊕

simplified equations

p0 =
p1 =
p2 =

6



+ 0 X 1

0

X

1

· 0 X 1

0

X

1

(Part A) Assuming that this is a valid 3-valued Boolean Algebra, use whichever Axioms or Theorems
you find convenient to derive all of the entries in the tables above. List which Axioms and Theorems
you use, and for each one, specify which entries you were able to fill using that Axiom or Theorem. A
list of the Axioms and Theorems can be found at the back of this test.

(Part B) Do the tables you generated satisfy the Boolean Axioms? If so, show that each of the
Axioms listed below is satisfied for each of the three values in the algebra. (Closure and Cardinality
should be trivially satisfied, so do not waste time on these.) If not, give an Axiom that is violated by
the Algebra you generated, and show why it fails. (If the Axiom in question was one of the ones you
used to fill in the tables, write “used to fill table” in the space next to the Axiom.)

Identity

Commutativity

Complement

Distributivity
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3    Boolean Algebras: Mundane, or Fantastic? (35 Points)
This question will test your knowledge of the Axioms and Theorems of Boolean Algebras. A list of 
these Axioms and Theorems

(Part A-B) The Cardinality Axiom of Boolean Algebras states that a valid Boolean Algebra has 
at least two elements. However, as you learned on your homework, it makes sense to think of larger 
algebraic systems which satisfy the Boolean Axioms.

In the following two parts, we will be considering a hypothetical 3-valued Boolean Algebra, 
whose empty + and · operator tables are given below. You will eventually have to decide whether this 
Boolean Algebra is Mundane or Fantastic − that is, whether it is a real Boolean Algebra, or whether a 
3-valued Boolean Algebra is merely a fantasy.



(Part C-F) In this part, we will be considering the more mundane 8-valued Boolean Algebra, which 
exists, and whose value set is {0, A, B, C, D, E, F, 1}. Furthermore, you are given below partially filled-in 
tables specifying the outputs of + and · on certain inputs. It turns out that this limited information is 
enough to determine the rest of the entries in both tables. In the next several parts, you will be guided to 
fill out the rest of these entries.

(Part C) Use the Identity and Commutativity Axioms to fill as many entries of the · table as
you can. You should be able to fill in all the circled entries.
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(Part D) With the information you derived in (Part C), you should be able to fill in the circled
entries of the + table below using De Morgan’s Laws. Please do so. (Hint: based on the initial
information, you can identify 3 pairs of complements.)

(Part E) In addition to your (Part D) derivations, it is possible to derive the values of the circled
entries of the + table below using the information you got from (Part C) using the Absorption
Theorem. Please fill in the circled entries below. (Hint: Absorption tells you that for each value x, the
expression x = yx is true for all y.)
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(Part F) With the information you derived in (Part E), it is possible to use DeMorgan’s Laws to
derive the circled entries in the · table below. Please fill in these last remaining entries.
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