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Topics Covered:

o Basic Counting Principles: Multiplication and

Addition

o Permutations and Combinations, Distributions

o Binomial Coefficients, Binomial Theorem

o Principle of Inclusion-Exclusion

o Graph Theory: Basic Graphs, Graph Terminology

o Euler’s Formula: Completed Proof by Induction
If G is a connected plane graph with p vertices,
q edges, and r regions, thenp—q +r=2.

o Generating Functions

o Partitions: Partition of an Integer

o Exponential Generating Functions



* Exploration: Scheduling Problem *

» 16 people, forming 8 different teams (2 per team)
> 4 matches held per week

» 14 week season

* Challenge: Find schedule that allows each team to play every

other team at least once in 14 week season

~ Preliminaries:
» 4 matches/week * 14 weeks = 56 total matches for season

»  3C, = 28 total possible matches between 8 teams

‘-/

In this way, each team could play every other team exactly

twice in season, as 56/28 = 2.

amreach: Circular Graph Model



¥ First Solution :




* Question: Can this idea be generalized?

After exploring this idea further using similar
circular graphs involving various numbers of

teams...

v" Obviously only works for an even number

of teams
v" For 2n teams, need (2n — 1) weeks to

complete season

* Can we prove this result for all values of n?

Proof by Induction?
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Problem:

* Does not provide systematic way to

simply add on two new teams. ..

e Should not have to alter entire graph in

order to add in two new vertices. ..

® Too complex for non-mathematician to

effectively understand or utilize...

* Need to explore further...



* Alternative Approach:

Rotational Diagram

Basic Idea:

** Isolate one vertex (team), place in center of
circle

% Draw connecting lines between this centered
team and remaining vertices to form first week’s
matches

% Rotate diagram as many times as needed so that
each team plays every other team at least once

% No repeats, all teams involved

% Attempt to connect so that each time diagram

rotated, lines will connect 2 new teams



¥ Rotational Diagram :
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Results:

o Several attempts made to connect vertices

o Found one approach that seems to work for any integer n,
2n teams

© Need to turn only (2n-2) times in order to obtain complete

schedule for (2n-1) week season

* Why does this approach work?

» Geometry: Angles between connecting lines

(or edges) prevent repeats from occurring

» Isolated vertex placed in center of circle
ensures that every other team will be

connected with it at some time



* Question: Can this result be proven by Induction?

0 Is there some way to show that this type of
rotational diagramming will work for any even

integer number of teams?

Problem Persists...

0 Need for further exploration...



