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Monday, April 25, 2022

Welcome to the 31st Annual Retreat of the UW-Eau Claire Mathematics
Department. This year we feature mathematical talks given by faculty and
students in the morning. In the afternoon, the Andrew Balas Lecture, Code-based
cryptography: past, present, and future, will be presented by Dr. Angela Robinson
of the National Institute for Standards and Technology (NIST). This is followed by
a mathematics competition for students!

Cover art: The Barth Sextic,
4(φ x − y )(φ y − z )(φ z − x ) − (1 − 2φ)(x2 + y 2 − 1)2 = 0.
Image courtesy of Professor Silviana Amethyst, UWEC Mathematics.
Image generated using the program Bertini Real created and maintained by
Professor Amethyst. Available at https://www.BertiniReal.com.
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8:30 AM
8:30-8:50
HHH 308

Application of Complex Numbers in Modern
Communication Technology
Nuo Xu
Sinusoidal signals and complex exponential signals (more accurately called imaginary exponential signals) are the most basic signals in modern mobile communication systems. The sine signal is often a carrier signal modulated by radio frequency,
and the imaginary index signal contains two quadrature sine and cosine signals of
the same frequency, which are often used in modern communication baseband digital
modulation. Therefore, understanding sinusoidal signals and complex exponential
signals is the key to the in-depth understanding of modern mobile communication
technology, especially modern digital modulation technology. The signal is composed of sine waves, if we need to study the signal is composed of sine waves of
those frequencies, the signal can be decomposed into the cumulative sum of sine
functions. The Fourier transform can decompose the original signal function into
an accumulated sum of sinusoidal functions. I will discuss the derivation process
of the Fourier transform, which may include the derivation of the orthogonality of
trigonometric functions, the derivation of the Fourier series, the discrete Fourier
transform.

8:30-8:50
HHH 307

The Monster Group
Gabe Hamilton
The totality of finite simple groups has been deconstructed and classified. Each
group belongs to a countably infinite family or is one of 26 sporadic groups. The
monster group is the largest simple sporadic group. In addition, 20 sporadic groups
reside in the monster. The goal of this talk is to understand what differentiates
this monstrous family from the infinite families through an understanding of what
a simple sporadic group is, and to understand why the monster group itself is so
spectacular.

4

A Million $$ Question: The Riemann Zeta Function and
Analytic Continuation

8:30-8:50
HHH 318

Duncan Koepke
The Riemann Zeta function combines infinite sums and complex analysis very
nicely. The zeta function is traditionally defined for numbers with a real part greater
than zero. However using analytic continuation, the domain can be expanded to the
complex plane, with notable exceptions. We will discuss the Zeta function and its
analytic continuation, trivial zeros, and why people will say the sum of natural
numbers looks like -1/12.

Cryptarithms Cracked

8:30-9:20
HHH 301

Corey Boerner, Lauren Heinz, Kayla Daniel, Lance Lettner
We will discuss original, creative cryptarithmetic problems. This problem involves a mathematical puzzle and logical puzzle which are suitable for all students
who know the basic rules of addition and subtraction. We will give the students an
opportunity to get as far as they can on their own. We will then solve the problems
together by introducing strategies, giving hints, and providing thinking time. A detailed solution to each problem will be provided towards the end of the presentation
time where we will recap the processes to solve each problem.

Lie Groups and their Algebras
Huston Wilhite
Symmetry plays an important role in mathematics and its applications, as exploiting it can often lead to dramatic simplifications of problems. Many familiar
symmetries are discrete, such as the symmetries of a square, however there are also
many examples of continuous symmetries. A clear example of continuous symmetry
is the circle, but many other examples can be found such as the constants of integration in a differential equation. A natural description of these continuous symmetries
is found within Lie groups and their algebras, collectively known as Lie theory
(named after the Norwegian mathematician Sophus Lie). Lie theory has become a
vital component of many applications of math, particularly theoretical physics. We
will examine the basic ideas of Lie theory, its history, and its importance in modern
mathematics.

5

8:30-8:50
HHH 320

9:00 AM
9:00-9:20
HHH 318

Codebook Creation over the Real Addition Multi-Access
Channel
Duncan Koepke
In coding theory, a multiple access channel is one where the messages of two or
more senders are combined and then sent through a channel to a receiver to decode.
After the senders select their message, there is a window for a malicious adversary to
act. I will be introducing the problem that I have been researching. Additionally, I
will be talking about how to design codebooks so that at least one sender’s message
can be recovered.

9:00-9:20
HHH 302

The Optimal Insect Eye
Dawn Paukner
What is the optimum form of an insect’s compound eye such that the brain
receives maximum information about the visual scene? Theorists in the mid-20th
century have answered this question and described the mathematical relationships
that govern the optimal configuration of ommatidia (i.e. units of a compound eye).
In this talk, we will go through their findings and describe the equations that relate
the size of ommatidia, the angles between them, and light levels in the environment.
Furthermore, we will see whether evolution has produced the optimal eye based on
these equations across several orders of insects.

9:00-9:20
HHH 320

Optimizing Strategies Through Simulation in Camel Up
Kyle Eckland, Matt Gilbert
Camel Up is a board game centered around earning money by betting on racing
camels. Much of the research done into this game so far has involved using it to
calculate probabilities and expected values in isolated and simple contexts. Now,
we seek to better understand the game by studying optimal strategies for winning.
To do this, we use simulations to analyze data from random sequences of turns in
the game, and use theoretical methods to develop a foundation as to why these
observations are or are not true. We then seek to use this information to analyze
optimal strategies and explain why they’re optimal.

6

Schrödinger has more than a cat – modeling using the wave
equation.

9:00-9:20
HHH 308

Christopher Bennett
Schrodinger’s equation, published in 1926, is used to model wave functions in
quantum systems. It is a powerful equation to use and even with assumptions, meaningful results can still be retrieved. In this presentation some of these assumptions
will be explored along with their results. Some of the properties of the equation will
also be explored.

The Use of Virtual Algebra Tiles in Intermediate Algebra

9:00-9:20
HHH 307

Katelin Nelson, Lexi Sexton
In our presentation, we will be discussing how to use different online Algebra tile
programs to factor and distribute binomials and/or trinomials. As UWEC Math 10
and 20 tutors, we have seen first hand how difficult factoring and distributing can be
for Algebra students, so we wanted to find a more visual way for representing how to
solve these expressions. If you find yourself currently struggling with, searching for a
refresher on, or simply curious about a virtual, visual, and hands-on representation
of factoring/distribution, this presentation was made for you! Together, we will
spend most of our time experimenting with different Algebra tile websites to see
how they can be useful in understanding factoring/distribution. So, we hope you
decide to join us in discovering and playing around with how we can use virtual
Algebra tiles to factor and distribute binomial/trinomial expressions. Also, don’t
forget to bring a laptop and try to watch our quick tutorial before you come!
https://cdnapisec.kaltura.com/index.php/extwidget/preview/partner_id/2370711/
uiconf_id/42910141/entry_id/1_4o3s6hos/embed/dynamic

9:30 AM
Who Owns What: The Cat, The Camel, The Frog, and The
Dog.
Marissa Reynolds, Jaden Hiller
We will discuss a modification of the Einstein Problem (a matrix). This problem
involves logical thinking and reasoning and is suitable for Math 365 students and
any students who may find matrix puzzles interesting. We will solve the problem
together by introducing the problem, providing thinking time, and giving hints. A
detailed solution to the problem will be provided near the end of the presentation.

7

9:30-9:50
HHH 301

9:30-9:50
HHH 308

Proving the Fundamental Theorem of Algebra Using
Complex Analysis
Kyle Eckland
The fundamental theorem of algebra is an important theorem in algebra. It
states that every single-variable polynomial with complex coefficients has at least
one root in the complex numbers. Equivalently, and more succinctly, it states that
the field of complex numbers is algebraically closed. While this theorem by its own
admission pertains to algebra, it is possible to prove this theorem using complex
analysis. Specifically, in this talk we’ll be proving the fundamental theorem of
algebra using Liouville’s Theorem, which states that every bounded entire function
is constant.

9:30-9:50
HHH 318

Mathematics for Making Music!
James Walker
This talk will demonstrate a computer music generator
that relies on geometry and modular (“clock”) arithmetic. A video will be shown that illustrates a dynamic
visualization of the melodic, harmonic, and rhythmic
aspects of the sound coming from the computer music
generator.
The presenter would appreciate it if members of the audience would wear
masks during his presentation.

9:30-9:50
HHH 320

A Statistical Analysis of Strategies of Machi Koro
Dayna Morman
Machi Koro is a game where players take turns rolling dice and buying different
properties, or cards, for their town. Each card has a number which corresponds
to a dice roll. If a player rolls that particular number, they make money. There
are many different strategies that can be used but players are often forced to think
about probabilities and statistics throughout the turn. This project has aimed to
study strategies of Machi Koro and code a simulation to analyze what properties
of those strategies makes them good (or bad). By holding variables such as cost,
probability of rolling certain numbers, and profit constant and using hypothesis
testing to compare the win rates, we find that Machi Koro is much more than a
game of luck and rolling dice.

8

Window Mean Survival Time: Motivating Survival Analysis
with Clinical Relevance.

9:30-10:20
HHH 302

Mitchell Paukner
Modern clinical trials continue to employ decades-old analysis methods despite
the nuances taking place in treatment development. As immunotherapies take the
stage as the future of oncology, these old analysis methods, such as log-rank tests and
the Cox proportional hazards model, limit the clinicians in the ability to maximize
their resources. The delayed onset of treatment effect with vaccine style treatment
regimens forces clinicians to either increase sample sizes to adjust for the loss of
power incurred by methods that rely on satisfying the proportional hazards (PH)
assumption, or perform analysis which conditions on survival past the time at which
the treatment is expected to take effect.
Window mean survival time (WMST) evaluates the mean survival between a
lower time horizon, tau0, and an upper time horizon, tau1. As a flexible extension of restricted mean survival time (RMST), specific clinically relevant windows
of time can be assessed for survival difference accompanied by a communicable interpretation of estimates and tests. In its original application, WMST required the
pre-specification of a window through the selection of appropriate window bounds,
tau0 and tau1. In the instance of severe window misspecification, the analysis may
suffer from low power and a less meaningful interpretation. In this talk, we introduce
WMST along with its versatile tests whose procedures are based on the simultaneous use of multiple WMST test statistics. We will also discuss how the flexibility of
WMST allows clinicians to tailor the design and analysis of their trials to specific
goals motivated by clinical relevance.

MarbleSlides: Teaching Transformations with Fun
Exploration Technology
Cadie Ash, Josiah Ziebell
As mathematics students progress in grade level, the tools and toys that support student understanding of mathematics in an engaging way in the classroom
frequently dwindle to only a graphing calculator. Secondary mathematics generally lacks the fun, playfulness, and trial-and-error present in elementary classrooms.
Because of this disparity, educators in mathematics classrooms need to consider
adding more play and exploration to their lessons. We are introducing MarbleSlides
by Desmos, a technology that can be used to supplement mathematics teaching.
This is an activity that gives students another look at translations and transformations for parabolas, but in a fun way! Our demonstration will show a more active
and engaging activity that students can use to have fun completing challenges while
strengthening their knowledge of parabolas. Each challenge gives students the ability
to test their ideas and revise them before they move on to the next challenge. This
activity seeks to build skills such as individually problem-solving while becoming
familiar with the online graphing calculator Desmos. We hope future mathematics
9

9:30-9:50
HHH 307

educators leave more willing to consider using hands-on, and engaging activities in
their math classroom.

10 AM
10:00-10:20
HHH 318

Comparison of cost-effectiveness of wind and solar power on
generating electricity in Wisconsin
Junda Zhao, Shi Qiao, Chengduo Gu
Global warming has emerged as a worldwide environmental concern since the
pre-industrial era. Popularizing the application of renewable energy is imminent.
Although being environmentally friendly, it should be cost-practical for the user as
well. Our study focused on two types of clean and popular methods of generating
electricity: Solar and wind. We compared the relative cost-effectiveness of the two
methods working within time periods of 10, 30, and 50 years. We used corresponding formulas and applied various real-life factors for both methods to calculate the
amount of electricity each could generate within the time periods, then constructed
charts to demonstrate the comparison graphically. We have reached the conclusion
that in general, applying wind power to generate electricity is much more efficient
than using solar panels in Wisconsin. This might provide some insights on which
method the state of Wisconsin should apply and develop in the future.

10:00-10:20
HHH 307

Teaching Perimeter and Area with Physical vs. Online
Technologies
Ally Wendt, Jill Bartelt
We will be demonstrating two ways to teach the difference between area and
perimeter. The first method will be in the context of an elementary classroom and
the second suited to a middle school classroom. First, for the elementary portion,
we will use Geoboards for a physical and concrete way of learning. Second, we will
discuss the same topic using the online tool Geogebra to illustrate a more advanced,
abstract version. We will conclude with a discussion regarding the pros and cons
of the two classroom tools. This presentation will help future educators not only
learn ways to teach the concepts of area and perimeter but also will enhance their
knowledge of technologies that can be used for a variety of other lessons.

10

The Five Codes

10:00-10:20
HHH 301

Nyah DeGroot
This will be the discussion and problem solving of a modification of The Four
Codes problem. This problem involves matrix usage and is suitable for all students.
At a unknown business 5 people have been assigned random names based on the
color of their shirt but the boss mixed up every single color causing the name to not
match their shirt. This problem will be find out who’s shirt matches who’s name.
We will solve this problem together by introducing the problem and giving hints. A
detailed solution of the problem will be given near the end of the presentation.

Colored Triple Linking Number

10:00-10:20
HHH 320

Ethan Olerich
In the 1950’s Milnor introduced a powerful collection of tools, now called Milnor’s
invariants, to the study of link theory. Even the very first of these, called the triple
linking number, has been the subject of fruitful and intense study ever since. Inspired
by the work of Mellor-Melvin, which computes the triple linking number in terms
of bounded surfaces, we present an extension of the triple linking number to colored
links. A colored link is a link whose components have been decorated by colors. We
apply this tool to generate obstructions to colored links bounding disjoint surfaces

Prediction of B-cell Antibody Binding Through Statistical
Analysis of Epitope Variables
Kate Mueller, Payton Reiner
With the rise of the COVID-19 pandemic, research and discussion regarding
vaccine development has become extremely prominent in today’s world. This has
caused many to question the processes occurring behind developing new vaccines.
In this project, we used R Studio to analyze different variables of antigen proteins to
predict which variables may contribute most toward whether a peptide will bind with
cell antibodies. With the data set of variables provided, as well as our own coded
variables, we used both a logistic regression model and an XGBoost model to find
that peptide size, position, and hydrophobicity are the most important variables for
predicting antibody binding. We will also present results from applying our models
to a data set of COVID-19 antigens.
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10:00-10:20
HHH 308

10:30 AM
10:30-10:50
HHH 308

Why’d You Have to go and Make Things so Complicated:
A History of Complex Numbers
Peter Spryer
A complex number z is defined as z = a+ib, where a and b are real numbers, and
i is the square root of −1. In this presentation, we’ll explore the origin of complex
numbers. From the 16th century, with the first formal definition by Gerolamo
Cardano, to the present day, the history of how complex numbers developed will
be illustrated through examples from each century, including: solving the cubic
equation, Euler’s Formula, and calculating π from i.

10:30-10:50
HHH 320

Analyzing Turning Points of the Airy Dynamic Equation
Via Time Scale Calculus
Scott Lawton, Erin Coonen
The purpose of this study is to identify and analyze behavior of turning points of
the Airy Dynamic Equation, a discrete generalization of the classic Airy Differential
Equation. Throughout the process, we appeal to the Time Scale Calculus, which
allows for the unification of differential and difference equations. As a result, we are
able to analyze the parameterization space and also describe the periodicity as well
as other behaviors associated with various parameters in the discretization of the
Airy equation. In this work, a brief introduction to the Time Scale Calculus and
discretization methods will be provided.

10:30-10:50
HHH 307

Examining the Hiring challenges and Labor force shortage
in Barron County, WI
Haitian Wu, Geboli Long
Many local businesses in Barron County have been struggling with hiring individuals recently. To determine what factors cause the shortage of employees, we
investigated the demographics, housing, transportation, and public safety of Barron
County, and compared the data of Barron County with that of Wisconsin and the
US. We found old dependency ratio at Barron County is too high, which directly
results in the lack of labor. A solution to decrease the dependency ratio within a
community is to promote immigration for younger people, maintaining and attracting younger generation to the community. Then, we analyzed the existing research
data and concluded that household median income is highly correlated with the
ratio of gaining and maintaining young generation. The findings of this proposed
research will help to direct the local business and government to areas of improving
labor force participation and assist in guiding future studies and investigation if
necessary.

12

Trading strategies based on fixed investment plan, market
signals and price prediction using deep learning approach

10:30-10:50
HHH 318

Qianyu He, Zhongzheng Zhou
Digital cryptocurrency first emerged in 2009 and is a currently thriving opensource community and payment network. Its ecosystem is gaining lots of attention
from business, consumers and investors. In this paper, we initially applied two
strategies that are commonly in use in stock and cryptocurrency market, automatic fixed investment plan and trading at the “Golden-cross” and “Death-cross”
points. We back-tested the market data from 09/16/2016 to 09/11/2021, the annualized rate of return generated by the automatic fixed investment plan, trading at
“Golden-cross” and “Death-cross” strategy for gold are 10.1% and 10.68%. Then,
we developed a third trading strategy based on the short-term market prediction
using a Deep Learning model. The annualized rate of return generated by the automatic fixed investment plan, trading at “Golden-cross” and “Death-cross” strategy,
trading based on short-term market prediction from a Deep Learning model for
bitcoin are 10.1%, 98.77% and 128.18% respectively.

Destination permutation

10:30-11:20
HHH 302

Emily Gullerud
The elements of different groups have different structures: elements of a dihedral
group look like flips/rotations of an n-gon, elements of a cyclic group are equivalence
classes of integers, and elements of a symmetric group are permutations. But what
if I told you that everything I’ve just mentioned are really just permutations in
disguise? We will see that every group is a permutation group, i.e. some subgroup
of the symmetric group. Not only that, but we will explore algorithms for actually
computing what these permutations are!

Neon Sudoku
Daniel Ellair, Brady Underwood
Abstract: We will discuss a modification of the Sudoku problem. This problem
involves logic, and number placement, and is suitable for all students. We will
solve the problem together by introducing the problem, providing thinking time,
and giving hints. A detailed solution to the problem will be provided near the end
of presentation time.
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10:30-10:50
HHH 301

11:00 AM
11:00-11:20
HHH 320

Particularly Peculiar Properties of Subsequences of the
Fibonacci Sequence under a Modulus
Alyssa Franks, Javier Sanchez
Consider the Fibonacci sequence (Fn )∞
n=0 , where F0 = 0, F1 = 1, and Fn−2 +
Fn−1 = Fn for all n ≥ 2. This sequence modulo m is denoted (Fm,n )∞
n=0 where Fm,n
is the least residue modulo m of the term Fn . Our goal is to study properties of
subsequences of the form (Fm,k+rj )∞
j=0 . In 2019, Guyer, Mbirika, and Scott studied
the m = 10 case. They observed that for r ∈ U (60), where U (60) is the group of units
modulo 60, the subsequences (F10,k+rj )∞
j=0 miraculously yield the parent sequence
∞
(Fm,n )n=Nk,r either forward or reverse and up to some starting index Nk,r dependent
on k and r. As of the time of the writing of this abstract, our research group has
observed this phenomena so far only for m values 5, 6, and 10. It is our hope that
by the time we give our talk at Math Retreat, we have a classification of all m
values exhibiting this phenomena. For m values NOT exhibiting this phenomena,
we explore the particularly peculiar properties of the subsequences (F10,k+rj )∞
j=0
which are yielded—some of which, but not all, coincide with the parent sequence
(Fm,n )∞
n=Nk,r running either forward or reverse for certain r values in U (π(m)).

11:00-11:20
HHH 301

Matrix Logic Puzzles
Lexi Sexton
I will discuss a matrix problem also known as a logic puzzle or matrix logic. This
problem involves using a chart to keep track of information and organizes it so we
can eliminate possibilities and find the correct solution. This problem is suitable for
all students, and we will solve the problem together. We will start by introducing
the problem then providing time to think. I will also be giving hints along the
way and a detailed solution to the problem will be provided near the end of the
presentation.

14

Applying conformal mapping techniques to problems
involving fluid flow

11:00-11:20
HHH 308

Cameron Johnson
In the realm of complex analysis, conformal mapping refers to a type of transformation of the complex plane in which angles between curves are preserved after
mapping. This can be convenient for many applications, where a transformation
can be applied to a problem to simplify its geometry, find the solution, and then
undo the transformation to acquire the solution in the original coordinates. In fluid
mechanics, this is useful for finding analyzing fluid potential flow around different
shapes. In this presentation, we look at the problem of potential flow around a
cylinder and discuss extending this example to study airfoils for aircrafts using a
particular conformal map called the Joukowsky transformation.

Spear and Shield: Coding to Thwart Adversarial Aggression
Ariel Liu
In coding theory, we study methods to send information more effectively, for
example, in telecommunications. Authentication is important when sending information to detect any potential interference. Our research is built on recent results
on authentication with multiple users. We discuss some limitations for constructing
good codebooks with certain achievable rates for partial correction in a two-user
multiple access channel with or without adversary participation. We also explore
other directions in this channel to satisfy our interests.

15

11:00-11:20
HHH 318

11:00-11:20
HHH 307

Implementing CanFigureIt Geometry in the Classroom as
an Introductory Activity to GeoGebra
Elliot Genteman, Jake Friede, Erika VanDerVoort
There are many challenges for middle and high school students to overcome when
they first begin proof writing in Geometry classes. Oftentimes students’ first experiences with proofs are formulating conjectures using GeoGebra or other classroom
activities. CanFigureIt Geometry is a website which helps students learn to explore
the basics of proof writing. It can serve as a great tool for student-centered inquiry
based learning and might act as a more meaningful introduction to the new skill.
CanFigureIt Geometry starts by giving students a set of justified claims, the students then must prove an unjustified claim by using a list of given theorems that are
provided. CanFigureIt Geometry can also be used across many levels of learning.
It includes theorems ranging from alternate interior angles all the way to tasks like
finding inscribed angles in a circle. In this presentation we hope to highlight the
benefits for students should teachers choose to introduce CanFigureIt Geometry into
their lessons prior to other digital tools such as GeoGebra.

11:30-11:50
11:30-11:50
HHH 320

The Double Pendulum: A Brief Extension of the Single
Pendulum
Duncan Koepke, Erika VanDerVoort
We will be discussing the single pendulum, and its extension the double pendulum, which is a quintessential example of chaotic systems. A chaotic system is
one that is highly sensitive to initial conditions (i.e. a system where a slight change
to the input will have a drastic change to the output). Using systems of differential equations and phase portraits we will be able to better understand the chaotic
nature of the system.

11:30-11:50
HHH 318

Programmable Hash Functions and Their Applications
Sullivan Prellwitz
Programmable hash functions offer the unique ability to program the output of
a type of function called a hash function such that it contains a difficult-to-solve
problem with a certain probability. Programmable Hash Functions allow us to create
hash functions to be used in mathematical and cryptography proofs, which allow us
to mathematically prove the security level of cryptographic schemes. We will discuss
the background of what a hash function is, what a Programmable Hash Function
(PHF) is, how they are constructed and evaluated, and their applications especially
as they relate to cryptography and their toughness against a malicious actor.

16

How Graphing Games Can Be Effective in the Middle
School Classroom
Lauren Heinz, Grace Liebl

11:30-11:50
HHH 308

As future secondary math educators, we have learned in our classes that technology is ever evolving in mathematics. With our presentation, we intend to investigate
some specific ways we could implement these technologies in our future classrooms.
One way we have seen some of these technologies introduced is through online mathematics games. We want to explore mathematical games related to graphing from
around the Internet to determine if they are helpful educational tools, or simply a
game. Prior to our presentation, we will have prepared a short video of how some
of these games are played. We will explore how they could be used in a lesson
during our presentation and how they can be effective to the learning process, if
used appropriately. We are focusing on games not based solely on repetition and
memorization, but based more on problem-solving skills without abandoning the
mathematical concepts.

Using Technology to Introduce Riemann Sums
(asynchronous talk)
Willem Van Haaften, Abigail Heinicke

11:30-11:50
HHH 307

Understanding the basic concept of an integral is an important step in learning
its application. During this introductory phase, students will need to learn how to
find the integral of an equation in a concrete or representational fashion before moving onto a more abstract approach. Riemann sums are a useful way to accomplish
this task, but they can be tedious and sometimes frustrating when done by hand on
pen and paper. To remedy this scenario, we propose using an interactive Riemann
Sum applet in place of pen and paper. We will show an example of a Geogebra
applet, made by user J Mulholland, that demonstrates Riemann sums in an interactive manner, which can aid students’ understanding of the concept of integrals and
demonstrate a method of estimating them. We will also incorporate this applet into
a lesson plan designed to introduce students to Riemann Sums and begin to develop
students’ understanding of integrals.

Cheating Royal Riddle
Paul Nickelotti
We will be discussing a modification of the Cheating Royal Riddle. This problem
involves the use of probability in a unique way and is suitable for all students. We
will solve the problem together by introducing the problem, providing some thinking
time, and giving some hints. A solution to the problem will be provided near the
end of the presentation time.

17

11:30-11:50
HHH 301

Panel discussion on graduate school

11:30-12:20
HHH 302

Emily Gullerud, Mitchell Paukner, Dawn Paukner
Are you considering graduate school? A panel of recent graduates will discuss
their experiences as a graduate student and field questions.

12:00 PM
12:00-12:20
HHH 307

The logistic differential equation with a negative harvesting
rate
Jacob Michael Hahr
The population growth equation P 0 = kP (M − P ) is often represented with a
parameter h so that P 0 = kP (M − P ) + h. This parameter represents the harvesting
rate of a population as it grows over time. Bifurcation diagrams then relate the
population at any given time to the parameter when P 0 = 0. However, solving this
relationship leads to any negative h existing in the complex plane. This talk will
show how Bifurcation diagrams behave in the complex plane and how it relates to
the behavior of the differential.

12:00-12:20
HHH 318

Creating pictures and diagrams with Tikz
Huston Wilhite
Pictures and diagrams are a vital component of mathematics. From diagrams to
illustrate the concepts of calculus to the commutative diagrams of category theory,
a good mathematical picture can often be worth infinitely many words. While most
mathematics can be typeset beautifully and relatively easily using LATEX, pictures
often prove to be a challenge. The LATEX package Tikz seeks to remedy this, by
allowing the programmatic creation of diagrams from within a LATEX document. We
will explore the use of Tikz and how to leverage its unique programmatic drawing
style in order to create very precise mathematical diagrams.

12:00-12:20
HHH 302

Snake Lemma
Nyan Toe Aung (Kenneth)
Snake Lemma is a tool that is fundamental in mathematics to produce long exact
sequences in homological theories. As many theories are named after the founder, is
the founder of the snake lemma named Dr. Snake? Snake Lemma is a key ingredient
in showing that short exact sequences of (co)chain complexes generate natural long
exact sequences in (co)homology. It is exciting to see a snake on the chalkboard
while doing math.
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Problem Solving: Adversarial Budgeting

12:00-12:20
HHH 301

Willem Van Haaften, Clara Krause
We will discuss a modification of the Traveler’s Dilemma problem. This problem
involves game theory, a strategy about making a decision based on constraints and
the thought process of a rational adversary and is suitable for all students. We will
solve the problem together by introducing the problem, providing thinking time,
and giving hints. A detailed solution to the problem will be provided near the end
of presentation time.

12:30 - 1:30

LUNCH

Meet the speakers and share some food

19

Hibbard 100

2:00 - 3:00
Hibbard 100

Code-based cryptography: past, present, and future
Angela Robinson
National Institute for Standards and Technology (NIST)

Public key cryptography protects the privacy and security of our global digital
communication infrastructure. All widely-deployed public key cryptographic systems are based on the difficulty in solving variations of the integer factorization and
discrete logarithm problems. In 1991, Peter Shor presented quantum algorithms
that could solve these problems significantly faster than classical computers. Consequently, a full-scale quantum computer would upend the security and privacy of
our digital world. The National Institute of Standards and Technology (NIST) initiated a process to update current public-key standards to schemes believed to be
quantum-resistant. NIST made a worldwide call for quantum-resistant public-key
cryptographic algorithms and, in response, received over 80 submissions to be considered for standardization. NIST is currently in the 3rd round of analysis and 3 of
the remaining 15 algorithms are based on error-correcting codes.
Error correcting codes were originally designed to improve communication across
noisy channels, enabling the correction of errors introduced in transit. Messages
are encoded by adding some redundancy in such a way that errors introduced by
the channel can be removed from the received information, and then the receiver
can decode (remove redundancy) to recover the original message. In the 1970?s
it was discovered that cryptosystems could be designed based on error-correcting
codes if errors were strategically introduced by the sender so that only the intended
receiver could decode. Due to the inefficiency of early schemes, these results were
not actively pursued by cryptographers until decades later. In this talk, we will
explore the foundations of code-based cryptography, the history of securing codebased cryptosystems, and role code-based cryptosystems could play in securing our
digital world.
20

3:30-4:30

Math Competition
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Hibbard 100
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