
CSE 20
Homework 2

Due: Friday January 15, 2016

Instructions

Homework should be done in groups of one to three people. You are free to change group
members at any time throughout the quarter. Problems should be solved together, not divided
up between partners. A single representative of your group should submit your work
through Gradescope. Submissions must be received by 11:59pm on the due date, and there
are no exceptions to this rule.

Homework solutions should be neatly written or typed and turned in through Gradescope
by 11:59pm on the due date. No late homeworks will be accepted for any reason. You will be
able to look at your scanned work before submitting it. Please ensure that your submission is
legible (neatly written and not too faint) or your homework may not be graded.

You may consult your textbook, class notes, lecture slides, instructors, TAs, and tutors for
help with homework. You should not look for answers to homework problems in other texts or
sources, including the internet. Only post about graded homework questions on Piazza if you
suspect a typo in the assignment, or if you don’t understand what the question is asking you
to do. Other questions are best addressed in office hours.

Your assignments in this class will be evaluated not only on the correctness of your answers,
but on your ability to present your ideas clearly and logically. You should always explain how
you arrived at your conclusions, using mathematically sound reasoning. Whether you use
formal proof techniques or write a more informal argument for why something is true, your
answers should always be well-supported. Your goal should be to convince the reader that
your results and methods are sound.

For questions that require pseudocode, you can follow the same format as the textbook, or you
can write pseudocode in your own style, as long as you specify what your notation means. For
example, are you using “=” to mean assignment or to check equality? You are welcome to use
any algorithm from class as a subroutine in your pseudocode.

Reading Rosen Section 4.1: pages 237-240, Rosen Section 4.2: pages 245-253, Jenkyns and
Stephenson Section 1.3.2 pages 26-34.

Key Concepts Base expansion, decimal expansion, binary expansion, hexadecimal expansion,
octal expansion, bit shift, DIV, MOD.

1. (9 points) A given positive integer n has binary expansion coefficients ak−1, · · · , a2, a1, a0. Express the
binary expansions of the following numbers in terms of these coefficients (explain your reasoning and include
any assumptions you make). For example, the binary expansion of 2n is (ak−1, · · · , a2, a1, a0, 0)2.

a. 4n

b. n DIV 4

c. n MOD 4



2. (11 points) A “machine” consists of a row of boxes side-by-side. To start the machine, the user places
n pennies in the leftmost box. The machine then redistributes the pennies as follows. On each iteration, it
replaces a pair of pennies in the leftmost box with at least two coins with a single penny in the next box to
the right. The iterations stop when there is no box with more than one coin. For example, if we start with
6 pennies in the leftmost box, we get the sequence

Initial state: 6 Empty Empty
After 1 iteration: 4 1 Empty
After 2 iterations: 2 2 Empty
After 3 iterations: 0 3 Empty
After 4 iterations: 0 1 1

a. What will be the final distribution of pennies if we start with 17 pennies in the leftmost box? Justify
your answer.

b. What is the minimum number of boxes needed to distribute n pennies, if we start the machine with
all n pennies in the leftmost box? Justify your answer.

3. (8 points) It can be shown that every integer can be uniquely represented in the form

ek3k + ek−13k−1 + · · ·+ e13 + e0,

where ej = −1, 0, or 1 for j = 0, 1, 2, . . . , k. Expansions of this type are called balanced ternary expansions.
Find the balanced ternary expansion of

a. 5

b. (212)3

Justify your work.
(Extension of Rosen 4.2 #30.)

4. (12 points) Two’s complement representations of integers are used to simplify computer arithmetic.
To represent an integer x with −2n−1 ≤ x ≤ 2n−1 − 1 for a specified positive integer n, a total of n bits is
used. The leftmost bit is used to represent the sign. A 0 bit in this position is used for positive integers, and
a 1 bit in this position is used for negative integers. For a positive integer, the remaining bits are identical
to the binary expansion of the integer. For a negative integer, the remaining bits are the bits of the binary
expansion of 2n−1 − |x|.

a. Find the two’s complement representation of −7 using 5 bits. Justify your work.

b. What integer does the following two’s complement expansion represent: 11111? Justify your answer.

c. Give a simple algorithm for forming the two’s complement representation of (−1) times a positive
integer, given the binary expansion of that integer (using the minimum required number of bits) and
the number of bits for the two’s complement representation as input. (E.g. how would you translate
the binary expansion of 17 = (10001)2 to the two’s complement representation of −17, 101111 using
6 bits?) In other words, on input x = (ak−1 . . . a0)2 and positive integer n, your algorithm should
produce the n bit two’s complement representation of −x. You may assume that the input is valid,
i.e. that −x can be written in n bit two’s complement. Hint: you should not convert to the decimal
value. Informally describe why your algorithm is definite, finite, and correct.

(Rosen 4.2 #40.)

5. (10 points) Write a complete (definite, finite, correct) description (in English, not pseudocode) of an
algorithm to convert from the hexadecimal expansion of a positive integer to its octal expansion, using binary
notation as an intermediate step. Make sure to consider all edge cases. Briefly justify why the algorithm
you described is definite, finite, and correct.
(Similar to Rosen 4.2 # 18)


