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Invited Talks: Abstracts and Biographical Information 

 

 
                 (Photo credit: Jennifer Manna) 
 
 Susan Jane Colley, Oberlin College 
 
“Counting Curves: Tales from the Enumerative Crypt” 
 
Susan Colley is the Andrew and Pauline Delaney Professor of Mathematics at Oberlin College and 
currently the Editor of The American Mathematical Monthly. She received her B.S. and Ph.D. 
degrees from MIT in the previous century. Her research interests lie in algebraic geometry and 
related areas; students may know her from her textbook Vector Calculus, 4th ed. Pearson, 2012 and 
curse her accordingly.   
 
Abstract: We will consider the Steiner problem (1848) of five conics:  to determine how many 
conics are simultaneously tangent to five others.  We will review some of the history surrounding 
this problem and some of the ingredients needed to solve it.  Finally, we’ll speed ahead to modern 
times and briefly sketch joint work with Gary Kennedy (Ohio State) and Lars Ernström (Ericsson) 
that uses mathematical techniques inspired by ideas in theoretical string theory to address some 
analogous questions about “higher-order” contact of plane curves.   
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Paul Pollack, University of Georgia 
 
“2000 Years of Summing Divisors” 
 
Paul Pollack was an undergraduate at the University of Georgia and a graduate student at Dartmouth 
College, where he received his PhD in 2008 for a thesis supervised by Carl Pomerance. Since then, 
he has held postdoctoral positions at the University of Illinois, the Institute for Advanced Study, and 
the University of British Columbia. He returned to the University of Georgia in 2012, where he is 
now an Associate Professor. His research is in elementary and analytic number theory, with special 
attention to areas influenced by the late, great Paul Erdos.   
 
Abstract: For each natural number n, let s(n) denote the sum of the proper divisors of n. For 
example, s(10)=1+2+5=8. Despite having such a simple definition, the function s is the centerpiece 
of many of the oldest unsolved problems in mathematics. I will survey these problems and discuss 
what we’ve learned in the past 2000 years.   
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Steve Wilkinson, Northern Kentucky University 
 
“What Do Mathematicians Do? (How I Learned to Appreciate Matrix Decomposition)” 
 
Steven Wilkinson is a Professor of Mathematics at Northern Kentucky University. He received his 
BA in mathematics at Tulsa University and his Ph.D. in mathematics from Rice University in 1989. 
Before joining Northern Kentucky University he taught at the University of North Carolina at 
Chapel Hill and then the University of Missouri at Columbia where he won the university’s Purple 
Chalk Teaching Award. Since coming to NKU his research has focused on various types of 
visualizations and, more recently, investigations of techniques in data analysis. His teaching interests 
include both computer science classes and a wide variety of mathematics courses from Math for 
Liberal Arts to Complex Analysis. Outside of academia he is an avid musician who plays trumpet in 
a variety of groups in the Cincinnati metropolitan area.   
 
Abstract: Sometimes what a mathematician studies comes from having a favorite tool or technique 
that leads to particular types of problems. At other times one encounters a problem, and part of the 
analysis of that problem is figuring out what tools to use. I will discuss two different problems in 
which the Singular Value Decomposition theorem played important roles. One is in data analysis in 
which we were expecting to use singular value decomposition, and the other is in geometry where 
that decomposition made an unexpected but fortuitous appearance.   
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Abstracts of Contributed Talks 

 
(u) = undergraduate, (g) = graduate, (f) = faculty 

 
 
Peter Agaba (g), Western Kentucky University 
Optimal Control Theory and Parameter Estimation of Parameters in a Differential Equation 
Model for Patients with Lupus 
System Lupus Erythematosus (SLE) is a chronic inflammatory autoimmune disorder that affects 
many parts of the body including skin, joints, kidneys, brains and other organs. Lupus Nephritis 
(LN) is a disease caused by SLE. Given the complexity of LN, we establish an optimal treatment 
strategy based on a previous developed mathematical model. As in Budu-Grajdeanu et al., (2010), 
our model variables are: Immune Complexes (I), Pro-inflammatory mediators (P), Damaged tissue 
(D), and Anti-inflammatory mediators (A). The analysis in this research project focuses on analyzing 
therapeutic strategies to control damage using both parameter estimation techniques (integration of 
data to quantify any uncertainties associated with parameters) and optimal control with the goal of 
minimizing time spent on therapy for treating damaged tissue by LN. Our simulated results for LN 
model will be presented in our talk.   
 
Ferhan Atici (f), Western Kentucky University 
Discrete Fractional Pharmacokinetics - Pharmacodynamics Model of Tumor Growth in Mice 
Describing tumor growth in mice with mathematical models can be categorized in two groups: tumor 
growth in untreated mice and tumor growth in treated mice with anticancer therapeutics. For each 
group, we formulate the models with fractional difference equations and estimate the parameters for 
data fitting. To study drug effects, we introduce a PK-PD model as a system of fractional difference 
equations considering mono-therapy (single drug administration). We compare our findings with the 
existing results in the literature.   
 
Mustafa Atici (f), Western Kentucky University 
Scheduling and Graph Coloring 
There are basically three main graph coloring problems: vertex, edge, or face colorings of a given 
graph G.  Graph colorings have applications in many optimization problems mainly in scheduling 
and assignment.  In this study, we define color sequence, maximum color sequence, perfect color 
sequence, and almost perfect color sequence.  Determining exact maximum color sequence of any 
given graph G is NP-hard problem.  We developed a polynomial time greedy algorithm which 
computes perfect color of given graph G.  This algorithm computes (almost) perfect color sequence 
for some graph families.   
 
Adam Bender (u), Murray State University 
Periodic fractal 
Newton's method is a staple of any Calculus 1 curriculum, where roots of functions are found with 
an iterated method. When used on "nice" functions it performs as expected, when used on certain 
elementary functions strange and awe-inspiring results follow. We will explore one such result with 
sin(x).   
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Doug Chatham (f), Morehead State University 
The n+k Dragon Kings Problem 
A "dragon king" is a shogi piece that moves any number of squares vertically or horizontally or one 
square diagonally (i.e., like a chess rook or king) but does not move through or jump over other 
pieces.  The "n+k dragon kings problem" is the problem of placing k pawns and n+k mutually 
nonattacking dragon kings on an n-by-n board.  We show that an n+k dragon kings problem solution 
exists whenever n > k+4 and that, given some extra conditions, symmetric solutions exist  
for n > 2k + 4.   
 
Chris Christensen (f), Northern Kentucky University 
T. R. Hollcroft’s Problem 
On Saturday 25 November 1944, Wells College mathematician T. R. Hollcroft presented a 
combinatorial problem at the 51st Annual Meeting of the AMS in Chicago.  A later declassified 
Navy document states:  “when he presented his findings in a paper before the Society, some of the 
members openly questioned that any possible use for the data would ever be found.  But back in 
GYP-1 [the section of Naval Communications dealing with the Japanese naval cipher JN-25] it 
became the Bible of the small Key Room group who were laboring around the clock on 62 [a new 
version of JN-25].”  In this presentation we will consider Hollcroft’s problem, see how Hollcroft’s 
tables were constructed and how they were used operationally, and speculate why Hollcroft received 
the problem.   
 
Cheryll Crowe (f), Asbury University; Funda Gonulates (f), Northern Kentucky University; 
Twyla Harris (f), Eastern Kentucky University; Bethany Noblitt (f), Northern Kentucky 
University; Sue Peters (f), University of Louisville; and Jonathan Thomas (f), University of 
Kentucky 
Starting the Conversation: Kentucky Association of Mathematics Teacher Educators 
The Kentucky Association of Mathematics Teacher Educators (KAMTE) is a new organization in 
the state of Kentucky that seeks to promote excellence in the preparation and continuing 
development of teachers of mathematics. This session will provide participants with an overview of 
this organization as well as an introduction to the Standards for Preparing Teachers of Mathematics, 
a recently released the document by the Association of Mathematics Teacher Educators (AMTE).   
 
Andrew Davis (u), Western Kentucky University 
Testing the Accuracy of a Density-Dependent Leslie Matrix Model 
Population models are important tools for predicting the future trends of a population, and are used 
to help determine resource allocation for species like humans, or hunting season spans in deer. It is 
important to have models that are accurate while still computationally efficient. In this talk, I will 
describe a density-dependent Leslie matrix population model that gives us the freedom to choose the 
final population age distribution, developed with my faculty research supervisor and published in 
The Mathematical Scientist (December 2016). I will then describe an algorithm for using pseudo-
random data to compare its accuracy with that of a density-dependent Leslie matrix model using a 
given distribution throughout, and show that the increased freedom allows for a better fit to the data.   
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Elizabeth Donovan (f), Murray State University 
An Implementation Algorithm for the Detection of Planar Graphs 
Using facts about David Complexes that have the given graph as the link of every vertex, we 
summarize this connection and give an implementation algorithm on detecting planarity of such a 
graph.   
 
Rachel Driehaus (u), Sally Dufek (u), and Matthew Folsom (u), Northern Kentucky University 
Examining Renewable Energy Trends for Texas, New Mexico, Arizona and California 
As part of the annual Mathematical Contest in Modeling, we created energy profiles for four western 
states that are interested in forming an energy compact to guide their increased use of clean energy. 
Based on data covering 50 years and 605 variables, we made predictions about how much renewable 
energy the states will be producing in the future and developed realistic targets for increasing each 
state’s reliance on renewable energy. Specific recommendations were also created to help states 
move toward their energy goals.   
 
Samuel Durham (u), Western Kentucky University 
Analyzing the Properties of a Set of m x n Pixels 
The study of computer graphics suggests many questions about sets of pixels in an n x m grid.  A 
connected set in an n x m grid of pixels is one which is all in one piece.  Formally, A is a connected 
set if for any two pixels p and q in A, there is a sequence of adjacent pixels in A connecting p with q.   
We are addressing combinatorial counting problems to determine how many connected subsets an  
n x m grid has, and how many of those connected subsets have connected complements. We have 
created a Mathematica program that analyzes these numbers for any n x m that is input, and we are 
now taking these numbers and trying to further identify any relations between them. This includes 
recursion formulas to determine the number of connected complimentary subsets for any 2 x m set. 
We have also found interesting connections to both the numerators and denominators of the 
continued fraction of \sqrt{2}. We have begun analyzing the properties of partitioning our 2 x m set 
into three sets. We are continuing to examine further connections of any 2 x m set.   
 
Claus Ernst (f), Western Kentucky University 
Braiding of Knots 
Any knot can be drawn in the shape of a circular braid. The minimal number of strands in any 
circular braid of the knot is called the braid index. In this talk we review some classical and some 
new results on the braid index.   
 
Kelsey Etherton (u), Thomas More College 
Optimization of Pole Vault Properties 
The purpose of this study is to analyze a number of properties of a pole vault-athlete system to 
maximize the height reached for each vault. Some of these properties include the initial velocity of 
the athlete, the pole stiffness, and the pole length. Using MATLAB programs such as the Genetic 
Algorithm (GA), we can analyze the effects of these pole properties and the athlete’s initial velocity. 
Through a sensitivity analysis, we can compare the impacts of these properties for an optimal 
solution based on each independent variable. In the future, athletes can utilize these results to 
maximize their height when attempting a pole vault.   
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Alyssa Farmer (u), Northern Kentucky University 
Fueling the Future Four States at a Time 
As part of the annual Mathematical Contest in Modeling, we created a metric called the “energy 
score”, a measure intended to assess a state’s usage of clean and renewable resources. The energy 
score has two components: the first rewards states for minimizing CO2 emissions and the second 
rewards states for maximizing renewable energy usage. Based on the trend of a state’s energy scores 
from 1960 to 2009, we created concise energy profiles that allowed us to rank the energy 
consumptions of states wishing to form energy compacts and to provide recommendations on how to 
improve each state’s energy profile.   
 
Matthew Farr (u), Murray State University 
An Analysis of Car Ownership Costs: Determining Optimal Three-Year Ownership Period 
Minimizing loss and maximizing profit is a goal that many Americans try to achieve in their lives, 
whether running a business or preparing a family budget. This is no different when buying and 
selling cars. An automobile purchase is a major financial decision. Americans spend on average 
$479 on monthly payments on a new automobile. A person would like to know the best time to buy 
or sell a used car so that he or she can minimize loss. That can be a challenging task. Using data 
analysis and linear regression models I am hoping to discover the optimum time to sell a used car so 
that loss is minimized. As an example, the Toyota Camry is a popular mid-sized sedan. I plan on 
collecting the following data: the values in 2017 of used 2002-2016 Camrys and the values of 2002-
2017 Camrys when they were brand new. I have assumed miles driven, color, Camry type, and three 
year ownership. I then hope to develop a model that in general based on the age of the car, the 
number of miles driven, and the new car price that the consumer can use to minimize depreciation 
cost.   
 
Christina Farwick (u), Thomas More College 
Investigating Human Cremated Remains Using Principal Component Analysis 
This project builds upon existing work in which principal component analysis (PCA) was used to 
distinguish between human cremated remains and other materials based on their chemical 
fingerprints.  A program will be created in MATLAB that imports text files, extracts numerical data, 
and generates a matrix that is ready to be analyzed with PCA.  This process will virtually eliminate 
errors that can occur when performing such calculations manually.  Furthermore, a quantifiable level 
of certainty with which an unknown sample can be labeled authentic human cremated remains will 
be investigated.   
 
Courtney George (u), Western Kentucky University 
Properties of Truncations of Pascal's Triangle 
This talk will begin with an overview of the construction and properties of Pascal's Triangle, and 
will then move in to an explanation of how truncations of Pascal's Triangle are formed. There will be 
a comparison of properties of Pascal's Triangle and its truncations, with emphasis given on the 
adjustments that are needed. The presentation will conclude with notable patterns in truncated 
Pascal's Triangle that are currently an open problem.   
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Camuel Hart (u), Western Kentucky University/Gatton Academy 
Performing Flypes Using Planar Diagram Codes 
The planar diagram code (or PD code) of a knot diagram is an encoding of the diagram easily 
manipulated by a computer. A flype is a 180-degree rotation of a structure in a knot diagram called a 
tangle. This talk will introduce the PD code of knot diagrams and describe how a flype alters this PD 
code.  This is the basis for a computer program that can carry out flypes in a knot diagram.   
 
Jeffrey Heath (f), Centre College 
Winning Plays in March Madness 
I will present a basketball win probability model that an undergraduate student and I have recently 
developed and implemented. I will discuss some applications, and make some observations about 
recent NCAA tournament games.   
 
Emily Hoard (u), Murray State University 
Southwesterly Snakes: A Move Minimizing Game 
We consider a single player combinatorial game, “Southwesterly Snakes”, played on a pair of 
partitions, each with the same fixed maximum part size and fixed maximum number of parts. The 
objective of the game is to find the least number of “snake moves” to move from one partition to 
another, where a snake move is an addition or removal of a series of adjacent boxes in the partition 
with the middle box lying on the main diagonal of the partition. We evaluate a strategy for 
completing the game by building a lattice based on partitions that summarizes the possible moves 
from each partition. Using this, we are able to determine, for any two partitions, which moves are 
necessary to move from one partition to the other.   
 
Lisa Holden (f), Dhanuja Kasturiratna (f), and Brooke Buckley (f), Northern Kentucky 
University 
PIC Math at NKU 
The Department of Mathematics & Statistics was awarded a PIC Math grant from the MAA to 
develop and run a research course centered on projects from business, industry, or government. In 
spring 2017, 12 students worked collaboratively on four different projects. During this presentation, 
we will outline the components of the PIC Math program we found particularly beneficial and those 
that were challenging. The course has led the department to investigate ways this experience can 
inform our curriculum.   
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Margaret Hull (u), Asbury University 
Going Electric 
The automobile industry is beginning to transition more and more rapidly to electric vehicles, but 
consumers are reluctant to invest while their countries lack a solid infrastructure to support the 
industry. EV companies and countries interested in investing in this technology remain unsure how 
to distribute charging stations to appropriately provide for consumers. This presentation aims to 
address this concern by laying out a foundational plan that any country can use as a model for a 
more individualized growth plan. The model recommends that at-home chargers be the primary 
charging method for most EV owners, but also takes into consideration the necessity for 
supercharging stations during long trips and in emergencies. While the distribution among urban, 
suburban, and rural areas is different for each country, the model includes a way to calculate the 
number of each kind of station necessary for each region. 
To provide a clear idea of the end goal, this presentation outlines the infrastructure necessary to 
support 100% EV usage in the United States. It then applies its foundational model to Ireland, 
demonstrating how the model can be adjusted to fit the unique circumstances of a specific country as 
well as discussing how the country should decide on and assess its timeline goals. This presentation 
also briefly addresses those factors that were not covered by the Ireland model and discusses their 
ramifications to the foundational plan. While there is not currently enough data to create quantitative 
categories for adjustments, the model is intended to be flexible and it should be possible to make 
adjustments as more data becomes available. For example, some technological advances that are 
forecasted for the next few decades have the potential to change the rate and quantity of car 
purchasing, which would impact the speed of the model; this presentation examines these potential 
changes and their impact.   
 
Kati Johnson (g), Murray State University 
Covering and Packing Parameters of the m by n Bishop Graph 
We will use graph theory to "attack" the problems of non-attacking bishops and bishop coverings on 
a non-square chessboard.  We will consider the m by n Bishop graph and present constructions for 
the domination number and independence number of such a graph.   
 
Arjun Kanthawar (u) and Nikhil Krishna (u), Western Kentucky University 
Accurately Modeling the Chronic Wound-Healing Process 
In order to formulate a mathematical model that accurately represents the physiology of a wound, the 
model and its parameters must be identifiable when given actual data. The goal of this work is to 
create a model that can accurately predict the healing process for individual patients. Practical 
identifiability is a method used to determine whether parameters in a model can be uniquely 
determined given actual data. This work uses a differential equation model that describes the 
interactions among matrix metalloproteinases, their inhibitors, the extracellular matrix, and 
fibroblasts (Krishna et al., 2015). A singular value decomposition technique with a QR factorization 
combined with a correlation analysis is used to find an identifiable subset of parameters. Subsets are 
analyzed through model prediction intervals and parameter Markov chains and posterior densities.   
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Dominic Lanphier (f), Western Kentucky University 
Summing Powers of Integers and Modifying Faulhaber's Formula 
Sums of powers of integers, besides being inherently interesting, are relevant in calculus, 
combinatorics, and number theory. Johann Faulhaber studied several such sums and gave formulas 
for various cases. Jacques Bernoulli gave a unified formula, nowadays called Faulhaber's Formula. 
We give an overview of the formula and show how it can be generalized to study similar sums of 
integer powers.   
 
Trevor Leach (g), University of Louisville 
Characterizing Majority Rule on Rich Ballot Spaces 
The Majority Voting Rule is a well studied rule in the area of Mathematical Social Choice. We will 
be discussing the history of some of the work done in this area and offer a new characterization of 
this and other rules defined on Rich Ballot Spaces.   
 
Duk-Hyung Lee (f), Asbury University 
Square-ful of Mathematics 
Dividing a square sheet of paper into n equal parts is often necessary in the beginning stage of an 
origami model, a well-known technique in the paper-folding community.  This procedure is 
remarkably simple. Explaining how it works only involves basic algebra. In this presentation, I will 
expand on how origami can be used in the classroom to demonstrate the relationship between 
geometry and algebra, subjects that are often thought to be separate. Discussion will be extended to 
the case of a rectangular sheet of paper.   
 
Bo Li (u), Asbury University 
Modeling Population Growth of Linguistic Groups 
Predicting population growth has been a popular subject of mathematical/statistical studies.  
However, studies on predicting population growth of a certain language group have been rare, due to 
the lack of clean, reliable language-specific and region-specific data. The growth of a linguistic 
population is multi-variant and non-continuous. In our work, we attempt to use the approaches of 
discrete mathematics and data analysis to predict future rate of change of population of linguistic 
groups, based on: 
1) the natural growth of the overall population,  
2) the loss of non-native speakers by death due to inheritability of L2 language proficiency,  
3) indices including,  
    a) attractiveness of a language,  
    b) relative competitive status of a language,  
    c) and proportion in the global population of a language.  
We utilize data visualization with Excel and Tableu to try to best present the results of our model.   
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Jessica Lugo (g), Murray State University 
Numerical Methods for a Combination Chemo- Immunotherapy Model 
Mathematical models simulating the interactions between tumor cells, immune system cells, and 
chemotherapy drugs provide valuable information to medical researchers. The application of optimal 
control theory to these models offers insight into the development of effective treatment regimens by 
indicating the best dosage levels and delivery schedules. In this talk, I will discuss the application of 
optimal control to a combined chemo- and immunotherapy model first presented by de Pillis, et al. 
The analytic representation of the optimal control is derived and used in numerical simulations to 
provide valuable information for determining treatment schedules.   
 
Andy Martin (f), Kentucky State University 
Harald Helfgott and the Goldbach Twins 
Christian Goldbach first stated his conjecture in a 1742 letter to Euler, but these luminaries are not 
the twins of the title. There are two Goldbach Conjectures, the "weak" and the "strong," but these are 
also not the twins. What/who are the twins? And who is Harald Helfgott? Come to this talk and all 
will be made clear.   
 
Rus May (f), Morehead State University 
A "Middle School" Problem About Counting Triangles in a Triangular Lattice 
A large triangle in a triangular lattice covers many triangles. Exactly how many was a problem is 
this year's MathCounts competition for 6th-8th graders. We take a look at various solutions. 
Warning: unless generating functions have suddenly appeared in the Common Core, none of the 
methods seem much like middle school math.   
 
Trivan Menezes (u), Western Kentucky University/Gatton Academy 
Detecting Flypes Using Planar Diagram Codes 
The planar diagram code (or PD code) of a knot diagram is an encoding of the diagram easily 
manipulated by a computer. A flype is a 180-degree rotation of a part of a knot diagram called a 
tangle.  This talk will discuss a method to detect which tangles are flype-able in a given knot 
diagram by relating its PD code to a graph structure. Such a graph could be used to generate all 
minimal projection diagrams of a given alternating knot type.   
 
Jacob Menix (u), Western Kentucky University 
Using Computational Bayesian Statistics to Analyze Parameters in a Differential Equation Model 
The purpose of this project is to use Bayesian statistics to analyze values of parameters for a 
previously developed system of ordinary differential equations which describes the healing process 
of diabetic foot ulcers. The model describes the relationships between matrix metalloproteinases, 
their inhibitors, and extracellular matrix. A Bayesian approach is used when the availability of data 
is sparse, as it is in this case. Delayed Rejection Adaptive Metropolis (DRAM), a MATLAB 
implementation of a Metropolis-Hastings algorithm, is used to estimate parameters. Using this 
approach with the individual patient data allows us to refine the parameter estimates, find associated 
confidence intervals using parameters’ posterior distributions, and compare pairwise plots of 
parameters. This will help improve the wound-healing model in order to better predict wound-
healing outcomes for individual patients.   
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Ngoc Nguyen (f), Western Kentucky University 
A Note on the Applicability of Rao’s Score Test 
Rao’s score test is one of the most common tests in statistical analysis. The test was originally 
proposed with the use the expected information matrix. Since expected information matrix is usually 
not available, observed information matrix might be used instead. In this paper, we study the 
situations in which score test using observed information matrix, when applied to a zero-inflated 
binomial distribution, could result in negative test statistics. We also study the type I and Type II 
error of score tests and show that the probability of type I error of score test could be abnormally 
high compared to the chosen significance level.   
 
Ahmet Ozkan Ozer (f), Western Kentucky University 
Exponential Stabilization Results for Cantilevered Smart Piezoelectric Laminates by Using the 
Semigroup Theory 
First, several partial differential equation (PDE) models for longitudinal and transverse vibrations on 
piezoelectric smart laminate beams are introduced. These models are obtained through a consistent 
variational approach. Controllers (external forces) act through the boundary of the domain. By 
adopting the semigroup theory, it is shown that weak formulations of the initial-value problems are 
well-posed in appropriate Hilbert spaces. Next, boundary feedback controllers are designed to 
suppress all vibrations exponentially. The proofs require the so-called “spectral multiplier technique” 
which completely bypasses the frequency-domain approach. In the end, our findings are simulated 
by the semi-discrete filtered Finite Difference Method.   
 
Robert Powers (f), University of Louisville 
The Young and Levenglick Theorem 
In the area of mathematical social choice, Kemeny's rule is a well-known ranking method which is 
close to majority rule. In 1978, Young and Levenglick proved that Kemeny's rule is the only rule 
satisfying four reasonable properties. In this talk, I will introduce Kemeny's rule (with examples) and 
carefully state (but not prove) the Young and Levenglick Theorem.   
 
Jared Prince (g), Western Kentucky University 
Using Monte Carlo Tree Searches to Play Dots-and-Boxes 
Monte Carlo tree searches (MCTS) have, in the last several years, been shown to perform 
remarkably well on the game of Go. AlphaGo, the first AI to beat a professional player on a full 
19x19 board, used an MCTS guided by two neural networks. We applied the MCTS approach to 
another game, dots-and-boxes, which shares several difficulty-enhancing features with Go. For 
instance, in both games it is often difficult to tell who is ahead at a given move because the score can 
shift rapidly. Using this MCTS player, we evaluated two potential improvements based on the game 
itself. These improvements are to remove net score from consideration and to account for symmetry 
on the board by treating every symmetrical state as equivalent to the others. Both improvements 
reduce the number of potential nodes in the search tree, thereby reducing the number of simulations 
needed to search the tree thoroughly. Each potential improvement was evaluated and the results will 
be presented here.   
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Natalie Reed (u), Western Kentucky University 
A Computerized Solution to the Fold - And - Cut Problem 
The fold-and-cut problem was first discovered in 18th century Japan. This problem consists of the 
idea that, for any shape, a fold pattern can be created that will allow for the shape to be cut out by 
making one straight line cut across the folded paper. The theorem to develop these fold patterns was 
proved by Eric Demaine in 1999. Translating this solution into a computer program poses many 
obstacles because the process of creating these fold patterns relies heavily on a human ability to 
identify patterns in line graphs. This project works to translate these seemingly random observations 
made by the human eye into mathematical algorithms that can be utilized by a computer. The 
process of solving the Fold - and - Cut problem can be broken down into three main parts: creating a 
straight skeleton, adding other necessary lines, and determining how to fold these lines. The current 
focus of the project is on the first step of creating the straight skeleton for the given shape. David 
Eppstein & Jeff Erickson developed a new way of computing these straight skeletons in 1998 which 
is used in the current program.   
 
Tom Richmond (f), Western Kentucky University 
Calculus with Curtains 
A rectangular stage opening is to be draped in bunting covering n semicircles across the top, and 
with triangles extending to the floor to the left and right of the semicircular bunting.  What 
dimensions will minimize the covered area and maximize the viewing area?  Simple calculus gives a 
surprising answer.   
 
Nicholas Rockstroh (u), Bellarmine University 
The Mathematics of Contra Dance 
Contra dance is a form of American folk dance which is danced in groups of two couples forming 
long lines. The figures of this dance form move the dancers within the square they form and within 
the larger set of groups of four. These motions within the group of four can be described with a 
group isomorphic to the group of permutations of four elements with a specific subgroup of very 
common figures also being, naturally, isomorphic to the dihedral group of a square as well. 
Additionally, the family of all possible configurations of dancers within a group of two couples also 
forms a group isomorphic to S4. These relationships form the foundation for a method of describing 
figures in a Contra dance when combined with notation representing direction of motion. 
Furthermore, motion within the broader Contra line, referred to in Contra vernacular as 
"progression," can also be described mathematically through the use of braids with n-strands where n 
is the number of couples in the Contra line. When these two ideas are combined, it produces a 
compact expression for describing each part of most Contra dances with a few notable exceptions.   
 
Mark Robinson (f), Western Kentucky University 
Differentiability of Functions of One and Several Variables 
Students are first introduced to the derivative in single-variable calculus using a limit definition. In 
multivariable calculus they encounter partial derivatives, but learn that differentiability of a function 
of several variables requires more than simply the existence of partial derivatives. We consider what 
it means for a function to be differentiable in the multivariable case. Examples are included.   
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Atilla Sit (f), Eastern Kentucky University (coauthor: Daisuke Kihara, Purdue University) 
Three-Dimensional Local Krawtchouk Descriptors for Protein Surface Shape Comparison 
Direct comparison of three-dimensional (3D) objects is computationally expensive due to the need 
for translation, rotation, and scaling of the objects to evaluate their similarity. In applications of 3D 
object comparison, often identifying specific local regions of objects is of particular interest. We 
have recently developed a set of 2D moment invariants based on discrete orthogonal Krawtchouk 
polynomials for comparison of local image patches. In this work, we extend them to 3D and 
construct 3D local Krawtchouk descriptors (3DLKD) that are invariant under translation, rotation, 
and scaling. The new descriptors have the ability to extract local features of a 3D surface from any 
region-of-interest. This property enables comparison of two arbitrary local surface regions from 
different 3D objects. We present the new formulation of 3DLKD and apply it to the local shape 
comparison of protein surfaces in order to predict ligand molecules that bind to query proteins.   
 
Abby Stadtmiller (u), Thomas More College 
A Mathematical Study of the Chemical Fingerprints of Bourbon and Other Liquors 
The purpose of this study is to analyze the chemical composition of bourbon. Using a handful of 
bourbon samples, the chemical fingerprint of bourbon and other fine spirits will be determined by 
gas chromatography. The collected data will be analyzed statistically by method of Principle 
Component Analysis (PCA). From these fingerprints, we can find commonalities between samples 
that will set one apart from the other. This is especially important in the case of counterfeit and 
fraud, along with comparing bourbon to other types of alcohol such as wine or whiskey, which we 
will also be doing throughout this study.   
 
Rachel Turner (u), Western Kentucky University 
Analyzing Spending of the NHL Salary Cap 
In the National Hockey League, each team has a limit, called the salary cap, on how much they can 
spend to pay their players. How can each team spend this money most effectively to increase their 
chance of season success? I specifically looked at the distribution of spending on the positions of 
forwards, defensemen, and goalies. I used regression analysis to determine models for predicting 
season success, using the percentage of the salary cap spent on each position as predictors.  Several 
different models were created and will be presented.  Of these, the best model is used to predict the 
success of teams for the current hockey season.   
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Harrison Williams (u), Asbury University 
Energy Profile Analysis for Arizona, California, New Mexico, and Texas 
It is no exaggeration to say that efficient energy production and consumption are critical to economic 
growth. In 1970, 12 western states in the U.S. formed the Western Interstate Energy Compact for the 
development and management of nuclear energy technologies through interstate cooperation. Four 
states along the U.S. border with Mexico - Arizona, California, New Mexico, and Texas - are 
considering forming such an energy compact, whose mission would be to increase the usage of 
cleaner, renewable energy sources. 
We analyzed the energy consumption, production, and expenditure data of the four states from 1960 
to 2009 to create energy profiles that concisely and accurately represent the total consumption and 
production of each state. During this process, we developed a versatile data analysis method that can 
easily be applied to large data sets to construct predictive models. Using this method and the 
provided information, we generated a model and predicted the clean and unclean energy 
consumption values for each state for 2025 and 2050. 
The total predicted clean energy consumption of all four states for the years 2025 and 2050 are 
2289540 billion Btu and 2582185 billion Btu, respectively. These values were set as the target clean 
energy production for all four states collectively. To meet these goals, three actions need to take 
place:  
1. Each state needs to increase research development and production of clean energy.  
2. Each state must prioritize one or two clean energy resources based on geography and natural 
available resources.  
3. These resources should be shared among the four states.   
 
Roger Zarnowski (f), Northern Kentucky University 
Wavelets by Lifting 
Discrete Wavelet Transforms (DWTs) are commonly developed through the use of filter banks, 
which are in turn analyzed using Fourier series.  An alternative approach called lifting was 
introduced by W. Sweldens in 1996.  This method of constructing DWTs can be advantageous in 
introductory courses and also has some computational benefits. We will present an overview of the 
lifting method and briefly discuss its utility in both instruction and applications.   
 
Uta Ziegler (f), Western Kentucky University 
How Computers Learn to Play Go 
This presentation provides an overview of the artificial intelligence approaches developed and used 
to build the program AlphaGo Zero which learned how to play the game of Go  without game-
specific information beyond the rules of the game.  AlphaGo Zero has a record of 100- 0 against 
AlphaGo, the program which beat the reigning world champion of Go in March 2016.  AlphaGo 
Zero uses a combination of Monte Carlo tree search to provide look ahead capabilities and a deep 
neural network trained by reinforcement learning to provide generalization capabilities. The neural 
network impacts the Monte Carlo tree search which in turn provides new training samples for the 
neural network.   
 


