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Abstracts 
Math Research is… – Rolland Trapp 

Math research is many things, but it is definitely NOT boring.  This conversation will focus on 
one area of mathematics that illustrates how rich, deep and engaging math can be.  A quick 
exploration of reflections across lines will be followed by a discussion of how Apollonius’ 
generalization of the Perpendicular Bisector Theorem leads to reflections across circles (a.k.a. 
inversion in circles).  Properties of circle reflections will be explored using GeoGebra, so bring a 
phone/laptop/tablet!  The last half of the talk will see how reflections across circles in Euclidean 
geometry ARE reflections across lines in hyperbolic geometry.  We will tie things up, time 
permitting, by describing how hyperbolic geometry can be used to study knots.  Hopefully this 
brief introduction will inspire you to take a closer look at some very interesting mathematics!  

Making Undergraduate Research Work for You – Derek Buzasi 

Astronomical research can draw on a wide variety of skills, from the physics and math you might 
expect to software development, statistics, engineering, geology, English, and even art and 
elementary education! This makes an undergraduate research experience in astronomy an 
excellent way to learn to work in groups of people with diverse interests but common goals and 
interests. I will describe some successful research experiences that students have had with me, as 
well as some less successful ones, and try to give advice on how to ensure your experience is one 
of the former. I'll also talk about what I look for in a research student, what you should look for 
in a research advisor, and what current and near-future research opportunities I can offer. 

A Combinatorial Merging Problem – Viktoriya Bardenova 

A two-lane road approaches a stoplight. The left lane merges into the right just past the 
intersection. Vehicles approach the intersection one at a time, with some drivers always 
choosing the right lane, while others will always choose the shorter lane, or the right lane if 
they are equal in length. We identify an arrival sequence of vehicles as a binary string, where 
the 0s represent drivers always choosing the right lane, and the 1s represent drivers choosing 
the shorter lane.  

The patterns of n vehicles appearing in each lane correspond to a few different mathematical 
constructions. The first is the expected maximum number of heads or tails appearing in a 
sequence of n coin flips. The second connection is to the largest domino snake that can be made 
using pieces up to [n:n]. The third is to the longest trail on the complete graph Kn with loops.  



An Analysis on Total Heart Failure and Diabetes – Hajar Hraimel 

A cardiovascular disease, also known as a CVD, can be classified as any condition that affects the 
heart or blood vessels. At least forty eight percent of the American adult population suffers from 
some form of CVD, and that number is only on the rise. A common, and highly lethal, effect of CVDs 
is heart failure. Over six million CVD patients are diagnosed with early stage heart failure in the US 
every year. Out of those with HF, anywhere between one to two million will die from total heart 
failure, or THF. There are many factors that go into being able to predict a patients likelihood of 
dying from THF, but one that is not studied as often is diabetes. It is a well known fact that diabetes 
increases your chances of developing a CVD, however in this study we will be analyzing its 
correlation with THF. A previous survey was taken of 250 patients confirmed to have a CVD, 125 of 
which having diabetes. All 250 patients are also in early stages of heart failure, and have been tested 
for multiple other risk factors. Analyzing how the added risk factor of being diabetic can effect 
mortality rate due to THF, can open doors to new treatment options. With nearly sixty five percent of 
all diabetics dying from heart complications, discovering if THF effects those with the disease 
differently could be the first step in reducing the total heart failure mortality rate. 

 Using the Traveling Salesman Problem to Efficiently Unlock Fairy Skills in Hyrule 
Warriors: Definitive Edition – Jeffrey Bindeman 

The Traveling Salesman Problem (TSP) is an extremely well-known problem in optimization. 
Finding optimal solutions to small scale problems can be found reasonably quickly through naïve and 
brute force methods, however both lose optimality when applied to graphs with nodes that number in 
the thousands. This is due to its classification as NP-hard, as its complexity grows factorially. The 
purpose of this presentation is to provide an introduction on what TSP is, why it is such a difficult 
problem to solve, and explore a few heuristics that have been developed to approximate it, with the 
end goal to optimize a comparatively simple scheduling problem found in the video game Hyrule 
Warriors: Definitive Edition. 

On the Difference of Two Numbers Raised to the Same Exponent - Nathan Hallmark 

In mathematics, systems are often complex, requiring great amounts of work to fully solve. To 
combat this, mathematicians often employ the strategy of imposing constraints on the system. This 
work uses this strategy in relation to the difference of two numbers raised to the same power. The two 
base numbers are given the constraint of only having a difference of one, leading to the formulas that 
describe the resulting patterns. One of the more popular topics that arise from this is the use of 
Pascal’s Triangle to highlight patterns among appearing binomial coefficients. The formulas resulting 
from this work can be applied to several topics in number theory problems, including the sum of three 
cubes, congrua, and Pythagorean triples, as well as Mersenne Primes. In addition to preliminary 
applications, some of the pure mathematics needed to prove these formulas, including combinatorics 
and mathematical induction, are discussed. In order better visualize the work, Minecraft is used as a 
way to display the simplest cases. Finally, as an overarching theme, this research exemplifies what 
mathematicians can do with a single pattern and unquenchable curiosity. 



Minesweeper on Arbitrary Graphs – Benton Stacy and Chamine Mudalige 

Minesweeper is a logic-based computer game played on a grid of squares, where some squares 
contain mines. Each safe square uncovered will tell the player how many mines neighbor it, and the 
player should use this information to uncover all safe squares without uncovering any mines to win 
the game. In this paper we generalize the normal playing field from a grid to any finite graph (which 
we call Netsweeper), and we analyze some common playing strategies to identify optimal strategies 
on certain graphs. Some of the more complicated graphs have strategies that “build off” of simpler 
strategies, as well. We finally discuss applications of graphs and networks and how they relate to 
Minesweeper and real life. 
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