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section 10.6: Be able to write a function from {1,...,n} in permutation
notation.

Sample problem: cards labelled 1,2,3,4,5,6 are cut and shuffled to get
the order 5,2,6,3,1,4. Represent this function on {1,2,3,4,5,6} using
permutation notation. How many times would you need to repeat this
cut and shuffle combination to return the deck to its original state?

Be able to compute the composition of two functions in permutation
notation or the inverse of a function written in permutation notation.

Sample problem: Compute the composition of the permutations
(12)(34) and (14)(32) of {1,2,3,4} and write the result in permuta-
tion notation.

Be able to tell how many times a function written in permutation no-
tation needs to be applied to return to the identity. (this is found in
the first sample problem).

b using multiplication

and division (not just built-in statistics or combination functions of
your calculator). You might also need to be able to compute them
using Pascal’s triangle.

sections 11.1, 11.2, 11.3: Be able to compute ( “

Sample problem: Compute ( g ) using addition, subtraction, mul-

tiplication and/or division. Compute it using Pascal’s triangle.

Be able to apply binomial numbers to solve unordered selection prob-
lems with or without repetition.



Sample problem: How many subcommittees with three members can
be formed from a committee with seven members?

Sample problem: A bag contains at least 5 of each of the following
colors of M&M’s: red, green, brown, and orange. We draw 5 M&M’s
from the bag. How many possible handfuls of M&M’s can I get (all
care about is how many M&M'’s of each color I get)?

In both sample problems, write your result as a binomial number, then
compute its value using addition, subtraction, multiplication and/or
division.

Be able to use binomial numbers (Pascal’s triangle is a convenient way
to compute them) to expand an expression of the form (z + y)".

Sample problem: Expand (z + )8, (x —y)8, (x +2y)®. Write the ex-
pansions in a form using binomial numbers, then evaluate the binomial
numbers and write the expansions with evaluated coefficients.

section 11.4: Solve Venn diagram problems using the sieve principle. Try
it on the problems on the counting sheet (the solutions given there to
not use this principle, but it can be used to solve that kind of problem).

A sieve principle problem may require you to solve for something un-
expected:

Sample problem: A group of science students are taking physics,
chemistry and/or biology. Each of the 50 students is taking one of
these subjects. 40 take chemistry. 20 take biology. 10 take biology and
physics 12 take chemistry and physics. 15 take chemistry and biology.
5 brave students take all three courses. How many students are taking
physics? Solve this problem by setting up the equation for the total
number of students using the sieve method and solving for the unknown
number of physics students.

In a problem of this kind the setup using the sieve principle would be
required for full credit.

Warning about graph theory examples: Most sample problems in graph
theory will involve hand drawings and so will not appear in the web
version of this document!

section 15.1, 15.2: Be able to draw a graph if it is given using vertex and
edge sets or using an adjacency table.



If two isomorphic graphs are presented, be able to write down an iso-
morphism between them as a function from the vertex set of one graph
to the vertex set of the other.

If two graphs are not isomorphic, be able to present some explanation
as to why they can’t be (information about degrees of vertices is often
used).

section 15.3: Understand what is meant by degree of a vertex in a graph.
Understand what is meant by a regular graph with a certain degree.

Be aware of the theorem that the number of vertices of odd degree in
a graph must be even. It might even be a good idea to know how to
prove this (the proof is easy).

sample problem: Draw a regular graph of degree 3 with five vertices,
or explain why there can’t be one.

sample problem: How many non-isomorphic degree 2 graphs with
nine vertices are there? Hint: they are not all connected.

If you are given a list of degrees for vertices in a graph, be ready to draw
a graph with vertices of those degrees or explain why it is impossible to
draw one. The rule about even numbers of odd degree vertices might
be used, along with common sense counting of vertices to be connected.

You might be asked to draw more than one nonisomorphic graph sat-
isfying some conditions on number and degree of vertices. In such a
question, I might ask you to explain why the graphs you present as
nonisomorphic are in fact not isomorphic.

section 15.4: Paths and cycles.

Understand what it means for a graph to be connected and be able to
identify the components of a graph.

Understand the definition of a cycle. Be able to identify 3-cycles or
4-cycles (or n-cycles in general) in graphs.

Understand the definition of an Eulerian walk and the conditions under
which an Eulerian walk exists. If I present you with a graph, be ready
to describe an Eulerian walk on the graph (by listing the vertices visited
in order) or explain why there is no Eulerian walk on the graph.



Understand the definition of a Hamiltonian cycle and understand the
statement of Oré’s theorem (Oré’s theorem was discussed in class, but
is not in the book). The correct statement of the theorem is that any
graph with n vertices with the property that any two non-adjacent
vertices have degrees adding to at least » has a Hamiltonian cycle.

You should be ready if I present a graph and ask whether it has a
Hamiltonian cycle to either present a Hamiltonian cycle (by listing
vertices visited in order) or explain why there isn’t one. Be aware that
a graph may have a Hamiltonian cycle without satisfying the conditions
of Oré’s theorem! I might present you with a graph, tell you that it
doesn’t have a Hamiltonian cycle, then ask you how the conditions of
Oré’s theorem are violated.

It would be a good idea to remember the theorem that a bipartite graph
with an odd cycle does not have a Hamiltonian cycle; I might present a
graph which doesn’t have a Hamiltonian cycle because of this theorem.

section 15.5: Be aware of the definition of a tree. Be aware of the fact that
there is only one path from any given vertex to any other vertex in a
tree.

Be aware of the theorem that the number of edges in a tree is one less
than the number of vertices. I might ask you to draw a tree with a
given number of edges and a given number of vertices; the theorem
might enable you to say that such a problem has no solution. I might
also ask you to draw more than one nonisomorphic tree satisfying some
conditions.

section 15.6: Understand what the rules are for coloring a graph (the two
vertices in any edge must have different colors).

Be able to tell if a graph is bipartite (can be colored with two colors).
Understand that odd cycles prevent 2-colorings. Understand that a
complete graph with k£ vertices requires k£ + 1 colors.

Be able to determine the chromatic number of a graph if asked (what
the minimum number of colors is that is required to color it). If asked
to compute the chromatic number, give a coloring with that number of
colors and explain why no smaller number of colors will do.



section 16.1: If I draw a tree, be able to redraw it using any chosen vertex
as the root, organizing all vertices into levels and identifying the root,
internal vertices and leaves.

Be aware of theorem 16.1: an m-ary tree with [ leaves has height greater
than or equal to log,,(I) (because an complete m-ary tree of height h
has m" leaves).



