
CS1800 Discrete Structures Prof. Hescott and Prof. Pavlu
Fall 2020 September 18, 2020

Homework # 1

Assigned: Friday, September 18
Due: Sunday, September 27 at 8PM eastern

Instructions:

� The assignment has to be uploaded to Gradescope by the due date. NO assignment will be accepted
after 8:00pm eastern on that day.

� We expect that you will study with friends and often work out problem solutions together, but you
must write up your own solutions, in your own words. Cheating will not be tolerated. Professors,
TAs, and peer tutors will be available to answer questions but will not do your homework for you.
One of our course goals is to teach you how to think on your own.

� You must turn in typed work to Gradescope either written in a word processor such as Word, or typeset
in LaTeX.

� Honors students must complete the honors problem by the due date given on the schedule. All students
may attempt the problem, but only the honors students submit the problem.

� To get full credit , show INTERMEDIATE steps leading to your answers, throughout.

Problem 1 [Easy]: Base conversions

i. (3 points) Convert the number 202010 from decimal to binary, showing all the steps from the
division algorithm.

ii. (3 points) Convert the unsigned binary number 110100011112 from binary to decimal, showing
the powers of two that must be added to produce the correct solution.

iii. (2 points) Convert the number from the previous part to hexadecimal, showing your work.

iv. (2 points) Convert the hexadecimal number BEEF16 to sixteen digits of binary. Show your
work.

Problem 2 [Easy]: Two’s Complement

i. (4 points) Convert the decimal numbers −54 and −29 to two’s complement, assuming an
eight bit two’s complement representation. Show your work, including how you get from the
positive integers to their negative counterparts.

ii. (3 points) Convert the following binary numbers to decimal assuming that negative numbers
are in two’s complement form; 10010101, 01001010, 11001000
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iii. (3 points) We have the number 10101001 and we are not sure what convention is being used:
i) what is the number assuming signed magnitude representation, and ii) what is the number
if we assume two’s complement?

Problem 3 [Medium]: Binary Arithmetic

i. (5 points) Convert the following numbers into six bit two’s complement and then add them
into a six bit two’s complement number.

� −2510 + 1210

� 1810 + −1710

ii. (5 points) Convert the following numbers into six bit two’s complement and then multiply
them into a six bit two’s complement number.

� −1010 ∗ 310

� 1410 ∗ 410

Problem 4 [Medium]: New Bases

i. (2 points) Use a method similar to the shortcut for converting hexadecimal to binary to
convert the base 4 number (132120203310230123)4 to base 16.

ii. (2 points) Convert (7B3)16 to base 4 using a similar trick.

iii. Bases can also be negative. As an example, 10 is 11110−2 in base −2. We call this base
negabinary. To convert to a negative base like negabinary, we can use the same division
algorithm we used for positive bases. With positive bases, the division algorithm always
yielded non-negative remainders and therefore non-negative digits. Digits in number representations
can only be non-negative numbers (0 or above). So when dividing by a negative base, we
must choose quotients such that the remainder is non-negative. As an example, we will use
the division algorithm to convert 1010 to negabinary and confirm it is 11110−2.

10 ÷−2 = −5 r 0

−5 ÷−2 = 3 r 1

3 ÷−2 = −1 r 1

−1 ÷−2 = 1 r 1

1 ÷−2 = 0 r 1

We must make sure not to drop the negative sign as we go through the division algorithm.

� (4 points) Convert the numbers 3410, −310, 1710, and −1710 to negabinary using the
division algorithm. Show your work.
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� (2 point) Can a decimal number have the same binary and negabinary representation?
Justify your answer in a couple of sentences. (Hint: Convert a four bit binary number
into decimal and a four bit negabinary number into decimal.)

Problem 5 [Medium]: Aliens

i. (4 points) While on co-op at the Very Large Array in Soccorro, New Mexico, you receive
a strange transmission coming from the star Vega, 25 light-years away. It is a sequence of
numbers: 51, -49, -49, -13, -1 which keeps repeating. Everyone is stumped until you suggest
converting the numbers into five 8-bit 2’s-complement numbers and sequencing them together
to form a single 40-bit binary sequence. Have you discovered an alien intelligence? Explain
your answer by describing the resulting pattern. (Full credit for describing the pattern.
Whether the pattern could actually be naturally occurring or must be the result of an alien
intelligence might be subject to debate.)

ii. (4 points) While on your next assignment at the Arecibo Radio Observatory in Puerto Rico,
you get the following message coming from Proxima Centauri, the closest star (other than
the Sun) to Earth at 4.22 light-years. The message reads: 0, 66, 98, 82, 74, 70, 66. This time
a single long binary sequence doesn’t work. Try stacking the 8-bit binary representations to
form an 8x8 pixel array (1=ON, 0=OFF). What is the message?

iii. (2 points) Your fame as an exobiologist is secured! At Roswell, New Mexico, you are asked to
examine a technical journal from an alien crash site. One of the equations reads: 451 + 136 =
620. Assuming this equation is correct, how many fingers would you expect the aliens to
have?

Problem 6 [Hard]: Divisibility by 3
An integer n is divisible by an integer k if n = bk for some integer b. For example, 15 is divisible

by 3 because we can rewrite it as 5 ∗ 3.
It turns out if an unsigned binary number’s 1’s are all arranged in pairs, the number in decimal is
divisible by 3. For instance, 110011 and 111100 are both divisible by 3 in decimal.

i. Suppose the unsigned binary number only has a single pair of 1’s located at bits k and k + 1.

� (2 points) What is the decimal conversion of the binary number?

� (2 points) Explain why this number is divisible by 3 in decimal in a couple of sentences.

ii. Now suppose the unsigned binary number has n pairs of 1’s.

� (4 points) Assume any unsigned binary number with n− 1 pairs of 1’s is divisible by 3
in decimal. Briefly explain why a number with n pairs of 1’s is divisible by 3 in decimal.
(Hint: Rewrite the binary number as a sum of a binary number with a single pair of 1’s
and a number with n− 1 pairs of 1’s.)

iii. (2 points) Is it true that all unsigned binary numbers divisible by 3 are arranged in pairs of
1’s? If so, briefly explain why. If not, give an example.
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F problems: no credit, no deadline, no formal grading, and possibly no solutions. If you work
on these and need help, let Virgil know by email.

Problem 7 F (no credit) State and prove a general criteria of divisibility with 3, in base 2.

Problem 8 F (no credit) Is integer representation in negabinary unique (i.e. no integer can
be represented in two different ways)? Either prove so, or give a counterexample.

Problem 9 F (no credit) N is an integer whose representation in base b is 777. Find the
smallest positive integer b for which N is the fourth power of an integer.

Problem 10 F (no credit) Assume the follwoing definition of two’s complement represenation

on k bits of value N = bk−1bk−2...b1b0: the power expansion works as N = −bk−12
k−1+

∑k−2
t=0 bt ∗ 2t.

That is :
· for positives, the first bit is bk−1 = 0 and the rest of the bits make the unsigned binary
· for negatives the first bit is bk−1 = 1, and the rest of the bits make the unsigned positive
“complement” C = N + 2k−1.

With this definition, prove that the positive-flip-bits-add-1 rule from the book is correct for
computing two’s complement representation of negative numbers.
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