
CS 336, extra problems to work from

Instructions:
The scoring of this homework will be based (in part) on your ability to express yourself in mathematical

terms. You will be asked to define various terms. The permitted symbols you will use are these:

• numbers

• letters (lowercase and uppercase, in English and in Greek) to represent objects (e.g. sets or elements
of sets)

• Logical symbols, such as the symbols for and, or, not, implies, if-and-only-if (and anything else I’m
forgetting that’s standard).

• Standard notations for sets, including {, }, s.t.,∈,⊆,, ∪, ∩, ∅, and anything else that is standard (in
case I forgot something).

• |A|, i.e. the cardinality of A, meaning the number of elements of A

• A×B, for the cross product of A and B (and its extension to an k-way cross product).

• ( and ), as in (a, b, c), as an element of A×B × C.

• P(S), the “power set” of S (i.e. the set of all subsets of S)

• ∅, the “empty set”.

• Inequalities, so >,≥,≤,=.

• Arithmetic operations +,−, etc.

• quantifiers: ∀ and ∃.

• Predictates Px for P a property (expressed logically).

Please ask me explicitly if there is some other symbol you’d like to use that I haven’t listed.

1. Using the permitted symbols, express the property that a function f : A → B is 1− 1.

2. Using the permitted symbols, express the property that a function f : A → B is onto.

3. State the Pigeonhole Principle formally, in terms of two sets X and Y and a function f : X → Y .
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4. Use the Pigeonhole Principle to prove that for any way of selecting 60 American students, two of them
have the same home state. (Show what X and Y are, and how f is defined, and then complete the
proof.)

5. Using the permitted symbols, express the set of elements x of a set S partially ordered by R, such that
there are exactly two elements greater than x in the set. (You may express the statement that y is
greater than x by either Rxy or (x, y) ∈ R, as you choose.)

6. Given a set X of subsets of a set S, define the set of elements of X which have cardinality equal to
two (i.e. contain exactly two objects from S).

7. Given a set X of subsets of a set S, define the set of elements from S that appear in exactly one
element of X.

8. Let S = {a, b, c, d}. Let X = {A ⊆ S : a ∈ A → b 6∈ A}. List all elements of X.

9. Let S = {a, b, c, d}. Let Y = {s ∈ S : s 6= b}. List all the elements of Y .
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10. Let S = {a, b, c, d}. Let T = {b, c, x, y, z}. Let Z = {w ⊆ T : w ⊆ S}. List all elements of Z.

11. Let S = {a, b, c, d}. Let T = {b, c, x, y, z}, and let Z ′ = {w ⊆ T : w ∩ S = ∅}. List all elements of Z ′.

12. Prove that for all sets A,B, C, and D,

(A ∩B)− C ⊆ (A ∪D) ∩B.

13. Prove that for all integer values of n ≥ 0,
∑n

i=0 i = n(n + 1)/2.
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