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Ceneral directions: Read each problemcarefully and do exactly
what is requested. Show all your work neatly. Use conplete
sentences and use notation correctly. Make your argunents and
proofs as conplete as possible. Renenber that what is illegible
or inconprehensible is worthless.

1. (15 pts.) G ven 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 bel ow.

(a) preorder traversa

(b) inorder traversa

(c) postorder traversa

2. (10 pts.) (a) Using the rooted binary tree in Problem1 to
obtain appropriate prefix codes, produce the string of zeros and
ones that encodes the word dig.

dig :

(b) Construct the ordered rooted binary tree representing the
followi ng algebraic identity: ((A+B)J/C = ((AC + (BQ)
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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 bel ow.
01 1 1 0 01 0 10
M= 00 1 1 0O M= 00 1 0O
go 0 1 O 01 0 10

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

S =

(b) What is the matrix representing RO S?

(c) Construct the matrix representing the relation T = R?! that
is the inverse of R

M:

4. (10 pts.) (a) What is the nunerical value of the postfix
expressi on bel ow?

32*2153-841/*- =

(b) What is the numerical value of the prefix expression bel ow?

+ - *235/] 1t 234 =
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5. (15 pts.) (a) Draw a directed graph G whose adjacency
matrix is given on the |eft bel ow

0o 1 0 0O

ogo 0 1 1 0O

0o 0 0 10

0o 0 0 o0 d

(b) Now draw the underlying undirected graph G, for the directed
graph G of part (a) of this problem

(c) Is G =(V,, E), above, isonorphic to the sinple graph

G = (Vs E;) given bel ow? Ei t her display an isonorphism
f:V, -~ V; or very briefly explain why there is no such function
by revealing an invariant that one graph has that the other
doesn’ t.

6. (10 pts.) Recal | that the conposition of two relations R
and S on a set Ais given by

SeR={ (a,c) e Ax A | (b)(b € Aand (a,b) € Rand (b,c) & S)}.
Al so, recall that the n'" conposition power of a relation on a
set is defined recursively by R* = R and for each n ¢ N, if

n =1, then R = R'oR

Prove that if Ris a reflexive relation on a nonenpty set A then
RO R for every positive integer n.
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7. (15 pts.) (a) How many vertices does a tree with 37 edges
have?

(b) What is the maxi mum nunber of |eaves that a binary tree of
hei ght 6 can have?

(c) If afull 3-ary tree has 24 internal vertices, how many
| eaves does it have?

8. (10 pts.) Suppose that Ais the set consisting of all real-
val ued functions with domain consisting of the interval [-1,1]
Let R be the relation on the set A defined as foll ows:

R={ (f,g) | (O( Ce Rand f(0) - g(0) =0C }

Prove that R is an equivalence relation on the set A



