
CSE 20
Homework 2

Due: Friday April 8, 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) Convert the following numbers as indicated. Include a sentence of explanation about how
you’re doing the conversion.
For full credit, the explanation must be a grammatically correct, complete sentence. For example, in support
of a calculation for converting (101)2 to decimal, you might write: “(101)2 = 1 · 22 + 0 · 2 + 1 = (5)10.
I calculated the value contributed by each column in the binary representation, using the definition of base
expansion, and then added up these values together.”

a. (145)10 (decimal) to base 2 (binary).

b. (AA)16 (hexadecimal) to base 8 (octal).

c. (10110000001)2 (binary) to base 16 (hexadecimal).

2. (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. For example, the binary expansion
of 2n is (ak−1, · · · , a2, a1, a0, 0)2.
For full credit, you must explain your reasoning and include any assumptions you make.

a. 8n

b. n DIV 8

c. n MOD 8

3. (12 points) You have one thousand $1 bills. How can you distribute them among ten envelopes so
that any amount between $1 and $1000, inclusive, can be given as some combination of these envelopes? No
change is allowed, and you are not allowed to open any of the envelopes once you’ve determined how many
bills to put in each at the start.

a. Briefly (1-2 sentences) describe your strategy for deciding how many $1 bills to put in each envelope.
Justify your approach.

b. For each of the ten envelopes, say specifically how many $1 bills you will put in it.

c. Explain how you will use (some of) the envelopes to give $247.

d. Explain how you will use (some of) the envelopes to give $980.

4. (8 points) In class, we talked about base b representations for positive integers. It turns out that
there are different representations as well. For example, 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 both the ternary (base 3) and the balanced ternary expansion of

a. 5

b. 20

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



5. (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. Given a positive integer a written in base 2, a shortcut for computing the n bit two’s complement
representation of −a is given by this algorithm:

On input (ak−1, . . . , a0)2 and positive integer n:

1. Extend the list by defining aj := 0 for j each integer with k ≤ j < n.

2. For each i from 0 to n− 1

3. if ai = 0 set bi := 1

4. else set bi := 0

5. Use Algorithm 2 on page 251 to add the integer with binary expansion (bn−1, . . . , b0, b1)2
and 1 = (0 · · · 01)2.

6. Return the resulting n bit list.

List the steps for computing the 8 bit two’s complement representation of −7 using this shortcut
algorithm.

d. Compare the answers you got in parts a. and d. Make a conjecture (educated guess) about how to
get the n + 3 bit two’s complement representation of a number x from its n bit two’s complement
representation.

(Rosen 4.2 #40.)


