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1. Let X = {a, b, c, d} and Y = {a, c, d, e}. Explicitly define the following sets:

(a) X ∪ Y
(b) X ∩ Y
(c) X − Y
(d) Y −X
(e) 2X

2. Let X = {2, 4, 6} and Y = {a, b}.

(a) List all the subsets of X.

(b) List the members of X × Y .

(c) List all the total functions from Y to X.

3. Assume the following facts. Let Σ be an alphabet.

(a) For all strings w ∈ Σ∗, wλ = λw = w. (λ is the identity element for string concatena-
tion.)

(b) λR = λ.

(c) For all symbols a ∈ Σ, aR = a.

(d) For all strings w ∈ Σ∗ and symbols a ∈ Σ, (wa)R = awR.

(e) For all strings u ∈ Σ∗ and symbols v ∈ Σ∗, (uv)R = vRuR.

(f) Basic properties of integer arithmetic such as associativity and commutativity of addi-
tion and multiplication, identity elements for addition (i.e., 0) and multiplication (i.e.,
1), and distribution of multiplication over addition.

Prove (wR)R = w for all strings w ∈ Σ∗. Give justifications for each of your steps (e.g.,
facts from the above list).

4. Prove DeMorgan’s Laws for sets:

(a) X ∪ Y = X ∩ Y
(b) X ∩ Y = X ∪ Y

5. Draw a picture of a graph that represents those states of the United States that touch the
Mississippi River or touch states that do. Show an edge between states if they touch.


