MATH 113: DISCRETE STRUCTURES
HOMEWORK 04

Due: Friday, February 6 at 10pm.

Problem 1. Your movie collection consists of five films directed by Werner Herzog, four films di-
rected by Lana and Lilly Wachowski, and three films directed by Alejandro Jodorowsky. Give
(good) examples of questions about your movie collection which have the following answers:

(@) 12=5+4+3,

(b) 60=5-4-3,

(c) 360 =5-4-3-3

Problem 2. Suppose you have a collection of 11 balls, 3 of which are red, 2 are blue, 2 are yellow,
and 4 are green. The balls of each color are identical. You take a bunch of balls at random and
take a look at the distribution of colors. For example, one distribution is you have 0 balls of each
color, while another distribution is 1 red, 2 blue, 1 yellow, 0 green. Use the multiplicative counting
principle to count the possible distributions.

Problem 3. We have seen that there are 2" subsets of a set A of cardinality n. We can use an n-bit
string to encode such a subset. This is a length n word in the alphabet {0, 1}. Such an object looks
like by,—1by,—2 ... by where each b; € {0,1},0 < ¢ < n — 1. To turn a subset into a bit string, label the

elements of A as A = {ag,a1,...,a,_1}; then for B € 24, set
b — 1 ifa; € B,
)0 ifa; ¢ B.

For instance, if A = {0,1,2,3} and B = {0, 2, 3}, then the associated bit string is 1101.
Given a bit string, we may treat it as a binary representation of a number. This associates the
number
[bn_lbn_g - blbo]g = bn_12n71 -+ bn_22n72 +---+ b121 + b020
with the bit string b, ... b1bg. In the case of the bit string 1101, we have
[1101)g =1-23 +1-2240-2' +1-2° =13,
(Of course, the final expression is a decimal representation: 13 = 1-10' + 3 - 10°.)

By turning a subset into a bit string and then a bit string into a number, we get a one-to-one
correspondence between the subsets of A and the integers 0, 1, ..., 2" — 1. The following questions
all refer to this numerical encoding of subsets of an arbitrary set A with |A| = n.

(a) What numbers correspond to subsets of cardinality one?
(b) What subsets correspond to even numbers?

(c) Note that 4 is itself and element of 24 (since A is a subset of itself). What number corresponds
to the element A € 24?



