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General directions: Read each problem carefully and do exactly
what is requested. Show all your work neatly. Use complete
sentences and use notation correctly. Make your arguments and
proofs as complete as possible. Remember that what is illegible
or incomprehensible is worthless.

1. (15 pts.) Given the ordered rooted tree below, list the
vertices in the order in which they are visited in (a) a preorder
traversal of the tree, (b) an inorder traversal of the tree, and
(c) a postorder traversal of the tree. Place your lists in the
appropriate place below.

a

/ \
b c
/ | \ / \

g h
d e f / \

i j

(a) preorder traversal :

(b) inorder traversal :

(c) postorder traversal :

2. (10 pts.) (a) What is the numerical value of the prefix
expression below?

↑ - * 3 3 * 4 2 5 =

(b) What is the numerical value of the postfix expression below?

9 3 / 5 + 7 2 - * =
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3. (15 pts.) Suppose R and S are relations on the set
A = {a,b,c} represented by the matrices given below.

 1 1 0   1 0 1 
MR =  1 0 1  MS =  1 1 0 

 0 1 0   1 0 1 

(a) If we assume that the matrices were constructed using the
order listed above for the set A, then

R =

(b) What is the matrix representing R ∩ S?

MR ∩ S =

(c) Construct the digraph representing S in the space below.

4. (10 pts.) (a) Using the prefix code a:001, b:0001, e:1,
r:0000, s:0100, t:011, and x:01010, decode the following bit
string:

0111001000100100000100

(b) Construct the ordered rooted binary tree representing the
following expression: (C - (A ∪ B)) = ((C - A) ∩ (C - B))
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5. (15 pts.) (a) Draw a directed graph G1 whose adjacency
matrix is

 0 1 1 0 
 1 0 0 1 
 1 0 0 1 
 0 1 1 0  .

(b) Now draw an undirected graph G2 which is represented by the
adjacency matrix in part (a) of this problem.

(c) Is G2 = (V2,E2), above, isomorphic to the simple graph
G3 = (V3,E3) given below? Either display an isomorphism f:V2 -> V3
or very briefly explain why there is no such function by
revealing an invariant that one graph has that the other doesn’t.

a b
\
\
\

c d

6. (10 pts.) Provide a proof by induction that 2n ≥ 2n for
every positive integer n. Be explicit concerning your use of the
induction hypothesis in the inductions step.
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7. (15 pts.) (a) How many edges does a tree with 37 vertices
have?

(b) What is the maximum number of leaves that a binary tree of
height 10 can have?

(c) If a full 3-ary tree has 24 internal vertices, how many
vertices does it have?

8. (10 pts.) Suppose that R is an equivalence relation on a
nonempty set A. Recall that for each a ε A, the equivalence
class of a is the set [a] = {s | (a,s) ε R}. Prove the following
proposition: If (a,b) ε R, then [a] = [b].

Hint: The issue is the set equality, [a] = [b], under the
hypothesis that (a,b) ε R. So pretend (a,b) ε R and use this to
show s ε [a] → s ε [b], and s ε [b] → s ε [a]. Be explicit
regarding your use of the relational properties of R.


