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00 » General

1145-00-2 Steven W Davis* (sdcomet9000att.net), 864 South Wildflower Lane, Anaheim, CA
92808. Competitive Math Problems made Simple. Preliminary report.

When faced with competitive math problems we usually attack it with all our mathematical knowledge and skill

and hammer it down solid, but with a little clever insight some problems which look hard are easily solved using

simple techniques. We will look at a few of these competitive math problems and their amazing simple solutions.

(Received March 08, 2018)

1145-00-9 Peter Oszvath* Princeton University, Princeton, NJ 08544. From knots to symplectic
geometry and algebra.

Heegaard Floer homology is an invariant for three-manifolds which is inspired by gauge theory and defined
using the theory of pseudo-holomorphic curves. Knot Floer homology is a variant of this construction, giving an
invariant for knots in three-space. It has the form of a bigraded vector space, encoding interesting topological
information about the knot. After explaining the basic form of knot Floer homology, and giving some of its
applications, I will present a recent algebraic description of knot Floer homology, discovered in joint work with
Zoltan Szabo, building on earlier joint work with Robert Lipshitz and Dylan Thurston. (Received May 31,
2018)

1145-00-10 Lior Pachter*, California Institute of Technology, Pasadena, CA. A Mathematical
Introduction to the Molecular Biology of the Cell.

Since the beginning of molecular biology in the 1930s, there has been great interest in developing mathematical
models of the workings of the cell. During the past 50 years the molecular components of the cell have increasingly
come into view, and during the past decade high-throughput sequencing based technologies have provided the
opportunity to measure cell states in unprecedented resolution. Together, these developments have resulted
in increasingly accurate mathematical models of the molecular biology of the cell. These promise to not only
enhance our understanding of gene regulation, but also to allow for the prediction of the effect of perturbations in
disease states. The current challenges for mathematics are exciting, and I will review the necessary background
needed to engage in the field. (Received May 31, 2018)
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1145-00-39 Sergey Goncharov* (s.s.goncharov@math.nsc.ru), Novosibirsk State University. Some
questions and results for classical algebraic structures.

One of important directions in the study of computable structures deals with the problems related to autostability
of algebraic structures and autostability relative to decidable presentations [1]. We will present results of this
direction which are obtained in general computable model theory [2], and results on classical algebraic classes
of structures: in particular, abelian groups, fields, linear orders, etc. Furthermore, some related problems [3, 4]
will be discussed.

[1] Yu. L. Ershov and S. S. Goncharov, Constructive models, Kluwer Academic/Plenum Publishers, New
York, 2000.

[2] S. S. Goncharov, N. A. Bazhenov, and M. I. Marchuk, The index set of Boolean algebras autostable
relative to strong constructivizations, Siberian Mathematical Journal, vol. 56 (2015), no. 3, pp. 393—404.

[3] M. V. Korovina and O. V. Kudinov, Spectrum of the field of computable real numbers, Algebra and Logic,
vol. 55 (2016), no. 6, pp. 485-500.

[4] N. Bazhenov, Prime model with no degree of autostability relative to strong constructivizations, Evolving
Computability (A. Beckmann, V. Mitrana, and M. Soskova, editors), Lecture Notes in Computer Science, vol.
9136, Springer, Cham, 2015, pp. 117-126 (Received June 29, 2018)

1145-00-361 Rachid Ait Maalem Lahcen*, 4000 Central Florida Blvd, MSB 221, Orlando, FL 32816,
and Ram Mohapatra (ram.mohapatra@ucf.edu), 4000 Central Florida Blvd, MSB 412,
Orlando, FL 3216. UAVs Mesh Network Survivability Against Cyber Attacks: A Simulation
Study. Preliminary report.
In the absence of manual control and unmanned aerial vehicles (UAVs) dependence on communication links to
do their duties, the attacker can hack the UAVs sensitive sensory data and feed them malicious information
or jam their communication links. Consequently, a UAV node can fail and/or cause other nodes to fail due to
inter-connectivity. Barabsi gave the typical example of 2003 blackout that is a cascading failure. The blackout
illustrated the vulnerability due to inter-connectivity. Hence, there are several challenges that need to be resolved
to improve survivability of multi-UAV flying ad hoc networks (FANET) including the structure of the network,
the connectivity, and the management algorithm. In this presentation, we explore the cascading effect over
different types of network structures to measure survivability based on loss of nodes and links. (Received
September 04, 2018)

1145-00-383 Rodrigo Banuelos*, Purdue University, West Lafayette, IN. On the discrete Hilbert
transform.

The discrete Hilbert transform, acting on the space of (doubly infinite) sequences, was introduced by David
Hilbert at the beginning of the 20th century. It is the discrete analogue of the continuous Hilbert transform
(conjugate function) acting on functions on the real line. In 1925, M. Riesz proved the LP boundedness, for p
larger than one and finite, of the continuous version, thereby solving a problem of considerable interest at the
time. From this he deduced the same result for the discrete version. Shortly thereafter, E.C. Titchmarsh turned
this around. He gave a direct proof of the boundedness of the discrete Hilbert transform on ¢P and from it
deduced the same for the continuous version. Further, he showed that the discrete and continuous versions have
the same p-norms. Unfortunately, the following year Titchmarsh pointed out that his argument for equality of
the norms was incorrect. The problem of equality has been a long-standing conjecture since. In this lecture
we describe—taking a historical point of view and avoiding technicalities as much as possible—some tools from
probability theory that lead to a proof of this conjecture. The talk is based on joint work with Mateusz Kwasnicki
of Wroclaw University, Poland. (Received September 04, 2018)

1145-00-456 Mason Remington* (mason.remington@my.simpson.edu), Levi Lefebure and Graham
Brooks. Counting Sheep: Why Sleep Apnea is a Real Concern for Individuals with Down
Syndrome. Preliminary report.
Down syndrome Disintegrative Disorder (DSDD) is newly emerging in clinical literature. Most of the studies
only focus on the appearance of this disorder, and not the etiology. Our objective is to explore the relationship
between sleep apnea and DSDD. A survey monkey survey was emailed out to patients at Massachusetts General
Hospital’s Down syndrome (DS) clinic and posted on Facebook. The survey gathered mostly qualitative data
with yes/no, multiple choice, and open-ended questions. Of the 191 respondents (27%), 115 were aged 10-35.
These are the ages where DSDD is commonly diagnosed. For these two groups, we saw a statistically significant
difference in the number of hospitalizations, whether they have regressed, and their mean age of regression.
There is a relationship between sleep apnea and DSDD. (Received September 06, 2018)
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1145-00-482 Cheng Cheng*, 4225 Larchmont RD, Apt 935, Durham, NC 27707, and Qiyu Sun.
Phaseless sampling and reconstruction of real-valued FRI signals.

In this talk, we consider the stable reconstruction of real-valued signals with finite rate of innovations (FRI),
up to a sign, from their magnitude measurements on the whole domain or their phaseless samples on a discrete
subset. FRI signals appear in many engineering applications such as magnetic resonance spectrum, ultra wide-
band communication and electrocardiogram. For an FRI signal, we introduce an undirected graph to describe
its topological structure. We establish the equivalence between the graph connectivity and phase retrievability
of FRI signals, and we apply the graph connected component decomposition to find all FRI signals that have
the same magnitude measurements as the original FRI signal has. We also propose a stable algorithm with
linear complexity to reconstruct FRI signals from their phaseless samples on the above phaseless sampling set.
(Received September 07, 2018)

1145-00-787 Alberto Ravagnani*, alberto.ravagnaniQucd.ie, and Eimear Byrne. Asymptotic
Enumeration and Coding Theory.
We introduce the concept of a partition-balanced family of codes, and show how these families can be used to
obtain precise asymptotic estimates for the number of codes that have a prescribed property (in various metrics).
As an application of our results, we prove the sparsity or density of codes that are extremal with respect to
minimum distance, covering radius, and the related notion of maximality. In particular, we show that matrix
MRD codes are not dense in the family of codes of a given dimension over GF(q). This is in sharp contrast
with the behaviour of MDS codes endowed with the Hamming metric and vector rank-metric codes. (Received
September 14, 2018)

1145-00-1167 Negar Orangi-Fard* (negar@math.ksu.edu). Connections between multicommodity
mazimum flow and modulus. Preliminary report.

Maximum flow problems involve finding a feasible flow through a single-source, single-sink flow network that has

maximum value. Multicommodity maximum flow problems are a generalization of this that involve finding an

optimal flow between multiple sink and source pairs. In the case of a single source and sink, the dual optimization

problem can be rewritten as a more general type of problem, called a p-modulus problem.

Utilizing this connection, we will show that the maximum multicommodity flow problem also has a p-modulus
interpretation, which gives insight into its solution. Moreover, by modifying this modulus problem, we introduce
a family of generalizations to the multicommodity maximum flow problem, including one that is closely related
to electrical current flow. (Received September 24, 2018)

1145-00-1262 Jared E Hoppis* (jehoppis@gmail.com), 1420 Beechwood Terrace, 19, Manhattan, KS
66502. Modulus on Networks and Metric Spaces, and the Essential Metric.

The study of Modulus originated in the plane, but there has been much recent work in the setting of networks.

We will introduce the theory in this setting with some results on how Modulus relates to classical quantities.

We will then introduce the theory in the context of general metric spaces and show how one of the relationships

from the network setting holds in the metric space setting. We will also show how Modulus can be used to define

a new metric that recovers a metric due to De Cecco and Palmieri. (Received September 20, 2018)

1145-00-1287 Kapila G Kottegoda* (kottegl@ksu.edu). Spanning tree modulus for secure broadcast
games.

The p-modulus is a general framework for quantifying the richness of a family of objects on a graph. When
applied to the family of spanning trees, p-modulus has an interesting probabilistic interpretation. In particular,
the 2-modulus problem in this case has been shown to be equivalent to the problem of finding a probability
distribution on spanning trees that utilizes the edges of the graph as evenly as possible. For this reason, there is
a strong connection between 2-modulus of the family of spanning trees and the edge-disjointness of this family.
We use this fact to produce a game-theoretic interpretation of modulus and apply modulus to the problem of
minimizing the number of broadcast messages intercepted by an eavesdropper listening on an unknown link.
(Received September 20, 2018)

1145-00-1291 Sean Lawton* (slawton3@gmu.edu) and Anton Lukyanenko (alukyane@gmu.edu).
Geometry Labs United: Welcome and Overview.

The purpose of a Geometry Lab is to foster a community of mathematics researchers involving undergraduate

students, graduate students, and faculty—and to recruit future researchers through public engagement. Geome-

try Labs United brings together individual labs from universities around the United States to share institutional

experience and resources, and to encourage the development of new labs at other universities.
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At this special session, we will begin by giving an overview of the Geometry Labs United network and the
general structure of a geometry lab. The rest of the day includes expository talks by representatives for each of
the ten labs. The day culminates in a panel session on starting and running a geometry lab.

We welcome everyone interested in undergraduate research and outreach to join our session, and encour-
age them to take a look at the October 2018 AMS Notices article ” Geometry Labs United: An Invitation”.
(Received September 20, 2018)

1145-00-1292 Sean Lawton (slawton3@gmu.edu) and Anton Lukyanenko* (alukyane@gmu.edu). Panel
on starting and running a Geometry Lab.

The purpose of a Geometry Lab is to foster a community of mathematics researchers involving undergraduate
students, graduate students, and faculty—and to recruit future researchers through public engagement. Geome-
try Labs United brings together individual labs from universities around the United States to share institutional
experience and resources, and to encourage the development of new labs at other universities.

This panel will be the culmination of a day of talks by representatives for each of the ten labs. Panelists, to
be announced, will discuss their experience starting and running a Geometry Lab.

We welcome everyone interested in undergraduate research and outreach to join our session, and encour-
age them to take a look at the October 2018 AMS Notices article ” Geometry Labs United: An Invitation”.
(Received September 20, 2018)

1145-00-1296 Sean Lawton (slawton3@gmu.edu), Jack Love* (jlove6@gmu.edu) and Anton
Lukyanenko (alukyane@gmu.edu). Mason Experimental Geometry Lab: Overview and
Community Engagement.

In this talk, we will provide a brief overview of the structure of the Mason Experimental Geometry Lab, including

research, visualization, and community engagement.

We will focus the talk on our outreach program, which has grown in the past 4 years to engage over 1,000
students per year in small-group activities at Northern Virginia schools, public libraries, and beyond. We will
discuss how we develop the network that brings us to these venues, as well as how we develop age-specific
activities that foster excitement in mathematics.

We will conclude with future directions for the growth of the lab and its outreach program. (Received
September 20, 2018)

1145-00-1335 Lesley M McGee* (1mcgee@upi.edu). Recognizing and Responding to STEM Students in
Distress.

This session will characterize certain mental health reactions to stress that can be problematic for students

and teachers in the STEM field. The talk will outline this issue, what to do when concerned about mental

health distress, review resources available, and begin the conversation about the human aspect of mathematics

education. (Received September 21, 2018)

1145-00-1359 Edgar A. Bering IV* (edgar.bering@temple.edu), 1805 N Broad Street, Department of
Mathematics, Wachman Hall, Philadelphia, PA 19122. 3D Printing for outreach at the UIC
Mathematical Computing Laboratory. Preliminary report.
The Mathematical Computing Laboratory (MCL) at the University of Illinois at Chicago is an undergraduate
research lab that hosts semester-long credit-bearing projects for teams of 2-4 students. These projects often
focus on computational experiments and mathematical visualization related to the research of faculty members
in the Department of Mathematics, Statistics, and Computer Science. I will briefly summarize the history and
organization of the lab (since its founding in summer 2015). Then I will focus the role of 3D printing in recruiting
workshops and research projects hosted by MCL over the last few years. The talk will conclude by discussing
the long term impact of the lab’s 3D printing activity. (Received September 21, 2018)

1145-00-1360 Abdul-Aziz Yakubu* (ayakubu@howard.edu), Howard University, Department of
Mathematics, 2441 6th Street NW, Washington, DC. Mathematics Research at Howard
University: Pure and Applied Mathematics. Preliminary report.

Howard University’s Department of Mathematics was established in 1867. Currently, the department’s ap-

proximately 26 tenured and tenure-track faculty members represent a broad spectrum of current mathematical

research in both pure and applied mathematics. In this talk, I will highlight some of these research areas. The

department is a top producer of African-Americans who earn Bachelor of Science, Master of Science, and Doctor

of Philosophy degrees in Mathematics. (Received September 21, 2018)
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1145-00-1577 Ben Riley* (bkri2230g.uky.edu) and Christopher Manon
(christopher.manon@uky.edu). An Overview of the University of Kentucky Math Lab.

The University of Kentucky Math Lab is relatively new, having been active for the last year. In that time,
we have established four research projects under faculty guidance. These projects include topics in tropical
geometry, combinatorics, formal group laws, and persistent homology. In addition to these research projects, we
also have groups working on mathematical visualization, including 3D printing and more tactile projects such
as quilting and crochet. I will present an short overview of each of these projects with an emphasis on our
visualization groups (Received September 23, 2018)

1145-00-1726 Caleb J Ashley* (cjashley@umich.edu), Department of Mathematics, 2074 East Hall,
530 Church Street, Ann Arbor, MI 48109. A Capstone Companion to Mathematics.

A Capstone Companion to Mathematics describes the theme of our talk; we share, via personal testimony,

anecdotes and perspectives which span three generations of mathematics at Howard University. Special emphasis

will be given to mentoring, mathematical community, developing as a young researcher, and current mathematical

research. (Received September 24, 2018)

1145-00-1797 Lillian B. Pierce*, Duke University, Department of Mathematics, Durham, NC 27708.
On torsion subgroups in class groups of number fields.

Imagine an hourglass: within one bulb, we picture analytic number theory; within the other, algebraic number

theory. Pincered in between is the class number. As we imagine this hourglass, we visualize information trickling

back and forth between the two fields, passing via the class number. And yet the constriction of the pinched

neck suggests a certain inaccessibility...

Each number field has an associated class number, which measures the cardinality of the field’s class group—a
finite abelian group that encodes information about how arithmetic behaves within the field. It is natural to
think of number fields in families—for example, all number fields of a fixed degree. Correspondingly, we can ask
about the distribution of the class number, or of the class group, as the field varies over a family. Tantalizingly
precise conjectures have been formulated, but remain out of reach.

We will describe a diverse array of recent work, with a particular focus on counting elements of a fixed order
within the class group, that is, bounding the size of torsion subgroups. True to the hourglass shape we first
envisioned, it turns out that this question is closely connected to deep open questions on both sides, including
counting number fields, and the Generalized Riemann Hypothesis. (Received September 24, 2018)

1145-00-1912 David Damiano, Sarah McGuire* (slmcgu190g.holycross.edu) and Richard
Schmidt. Behavioral Synchrony and Functional EEG Networks. Preliminary report.

People engaged in social interactions exhibit natural, unintentional coordination of their body movements. Al-
though intense efforts have been made to localize behaviors in human brain activity, little is known about the
functional networks that underlie human social interaction. We are interested in how social behavioral synchro-
nization corresponds to functional networks in the brain. To this end, we analyzed electroencephalograph (EEG)
activity from an experiment involving participant pairs swinging pendulums in different interpersonal coordina-
tion conditions. Using methods of computational topology and network theory, we are able to identify functional
networks based on pair-wise coordination between electrodes. Initial results indicate the existence of dynamic
network features across different coordination conditions and frequency bands. In future work, we will apply
these novel network analysis techniques to evaluate the social brain networks in adolescents with Autism Spec-
trum Disorder (ASD), as one of the suggested tendencies of people with ASD is social disconnection. (Received
September 24, 2018)

1145-00-1949 Rachel V Barber* (rvb4i@msstate.edu) and Edward Dobson (ted.dobson@upr.si).
When Graphs are Wreath Products. Preliminary report.

We provide necessary and sufficient conditions needed to determine when a Cayley Graph of a group G is
isomorphic to a nontrivial wreath product of two vertex-transitive digraphs of smaller order. We consider the
G-invariant partition formed by the left cosets of a subgroup H < G, and conditions on the connection set, S.
Cay(G, S) is isomorphic to the wreath product of a coset digraph and a Cayley digraph. We provide preliminary
results of our research into the conditions needed to determine when a coset digraph is isomorphic to a nontrivial
wreath product. (Received September 24, 2018)
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1145-00-2019 Min Wu, Huaming Yan, Daniel Ramirez-Guerrero* (ramired3@uci.edu) and John
Lowengrub. Mechanical feedback and stress relaxation in tumor spheroid growth.
Preliminary report.
In this work, the dynamics of tumor growth is simulated using a continuum model of tissue elasticity in an
Eulerian frame. The model incorporates nonlinear elastic stresses and cell substrates to regulate cell proliferation
and death. We also consider tissue remodeling, a result of structural and adhesive molecules, and recover linear
elastic models when the relaxation rate is large. The model investigates the relation between stress and growth in
tumor spheroids. Parameters are extrapolated from tumor growth experiments. Results from this model are in
close agreement with experiment in simulating mechanotransduction and feedback regulation. Stress relaxation
is quantified to predict spatial distributions of stress and net proliferation. We find that mechanotransduction
and feedback regulation result in more stable proliferation states than those without feedback. We also extend
the model by formulating tissue elasticity without assuming incompressibility. (Received September 24, 2018)

1145-00-2035 Marcia F Wiedefeld* (mwiedefeld@loyola.edu), Disability Support Services, Loyola
University Maryland, 4501 N. Charles Street, Baltimore, MD 21210. Teaching students with
ADHD, learning disabilities and autism: Commonly recommended accommodations and
why they are recommended.
Professionals in a college’s Disability Support Services office often notify professors about students’ accommoda-
tions without an explanation other than it is a legal requirement. DSS professionals cannot release confidential
information to faculty, so instructors are usually unaware about the reason a particular accommodations is rec-
ommended. This brief presentation will highlight some common accommodations provided for students with
disabilities and explain some rationales for the accommodations. Additionally, the speaker will provide infor-
mation about supports and teaching strategies for students with these disabilities. (Received September 25,
2018)

1145-00-2064 Arindam Roy* (arindam.royQuncc.edu). Rice Geometry Lab.

Rice Geometry Lab (RGL) was founded in the spring of 2017. In this talk, I will share some of my experience on
RGL. I will discuss the process of recruiting and motivating, both undergraduate and graduate, students. Some
projects and their outcomes will be discussed as well. (Received September 24, 2018)

1145-00-2091 Sarah Elizabeth Lubow™ (selubow@my.loyno.edu), 7214 St. Charles Ave., Box 521, New
Orleans, LA 70118, and Carlie J. Triplitt, ctri8247Qusao.edu. Vertez-Minimal Planar
Graphs with Prescribed Automorphism Groups. Preliminary report.
In 1939, Frucht proved that for any finite group G, there exists a graph I' such that the automorphism group
of I' is isomorphic to G. Naturally, this result gave rise to numerous extremal problems in graph theory. For
instance, vertex-minimal graphs with a prescribed automorphism group are the subject of prior research by
numerous authors. In this talk, we will discuss our proof of a conjecture made in 1980 by Marusi¢ on the order
of vertex-minimal planar graphs with cyclic symmetry of even order. Our proof completes a theorem giving the
order of all vertex-minimal planar graphs with cyclic automorphism groups. We will also discuss further our
proof regarding the order of vertex-minimal planar graphs with dihedral symmetry. (Received September 24,
2018)

1145-00-2242 Mariano Tepper* (marianotepper@gmail.com), Victor Minden and Anirvan M
Sengupta. From clusters to manifolds with semidefinite and completely-positive
approximations. Preliminary report.

In solving hard computational problems, convex relaxations often play an important role as they come with a

guarantee of optimality. Here, we focus on a popular semidefinite relaxation of K-means clustering. In previous

work, we reported an unexpected finding: when data contains (multiple) manifolds, the solution captures such
geometrical structures.

Ideally, completely positive (CP) formulations provide a tighter relaxation to the original problem than
semidefinite programs (SDP). Whereas SDPs are relatively easy to solve, CP programs are very hard, hindering
their applicability. An important empirical question then becomes: are these semidefinite output matrices close
to be CP? We answer this question in the positive, showing that they are indeed closely approximated by a sub-
family of CP matrices, the RBF kernel matrix, which can be easily obtained with a convex program. Remarkably,
these special CP matrices give rise to the natural low-dimensional embeddings of the input manifolds.

For each sub-problem, we present new, convex and efficient, algorithms based on the conditional gradient
method. Our results render this SDP-CP hybrid algorithm a versatile, understandable, and powerful tool for
manifold learning. (Received September 25, 2018)
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1145-00-2303 Hideo Nagahashi* (hnagahashi@triton.uog.edu), Division of Mathematics and
Computer Sciences, College of Natural and Applied Sciences, University of Guam,
Mangilao, GU 96923. Magic Card Tricks on Hamming Codes over Finite Fields.

Magic tricks based on binary Hamming codes are well known. We generalize binary tricks to present magic card

tricks based on Hamming codes over finite fields of 3, 4 and 5 elements. (Received September 25, 2018)

1145-00-2341 Alan S Perelson* (asp@lanl.gov), Theoretical Division, MS-K710, Los Alamos National
Laboratory, Los Alamos, NM 87545. Immunology for Mathematicians.

The immune system is a complex distributed system of interacting cells and molecules that learns, exhibits
memory and most importantly protects us from infectious disease. While we are still uncovering how the
immune system works, I will show through a variety of examples that it provides a fertile ground for interesting
mathematical problems, from the understanding of how the immune system can recognize an almost limitless
number of pathogens including some never seen before in all of evolutionary history, to the design of computer
immune systems to protect against computer viruses, to the choice of next season’s flu vaccine. (Received
September 25, 2018)

1145-00-2481 Ruth Luo* (ruthluo2@illinois.edu), 273 Altgeld Hall, 1409 W Green St, Urbana, IL
61801, and Zoltan Furedi and Alexandr Kostochka. Generalized Turdn problems for
graphs and hypergraphs.

We will talk about a generalization of the Turdn problem for hypergraphs: given a graph F', what is the maximum

number of hyperedges an r-uniform n-vertex Berge F-free hypergraph can have? In particular, we will discuss

tools used to reduce the hypergraph problem to problems for graphs. Finally, I will present some recent results
for graphs without long Berge cycles. This is joint work with (different subsets of) Zoltan Furedi and Alexandr

Kostochka. (Received September 25, 2018)

1145-00-2483 Xiaochuan Tian* (xtian@math.utexas.edu). Numerical mathematics for peridynamics
and nonlocal models.

Nonlocal continuum models are in general integral-differential equations in place of the conventional partial
differential equations. While nonlocal models show their effectiveness in modeling a number of anomalous and
singular processes in physics and material sciences, for example, the peridynamics model of fracture mechanics,
they also come with increased difficulty in numerical analysis with nonlocality involved. We present in this
talk numerical analysis for nonlocal models characterized by a horizon parameter which measures the range
of nonlocal interactions. Considering their close connections to classical local PDE models in the limit when
the horizon parameter shrinks to zero and to global fractional PDEs in the limit when the horizon parameter
tends to infinity, we present numerical schemes that are robust under the changes of the horizon parameter.
Those schemes are effective to deal with multiscale models where different scales of nonlocality are presented.
(Received September 25, 2018)

1145-00-2547 Daniel A Spielman* (daniel.spielman@yale.edu), 17 Hillhouse Ave., room 340, Yale
University, New Haven, CT 06520. Miracles of Algebraic Graph Theory.

I will never forget the feeling of awe I experienced as a student when I first learned that important properties

of graphs are revealed by the eigenvalues and eigenvectors of their associated matrices. This talk should convey

some of that feeling, but also provide some understanding and intuition.

We begin by thinking of graphs as networks of springs and by using Laplacians matrices to model them. Hall
(1970) and Tutte (1963) showed that eigenvectors of and linear equations in the Laplacian can be used to obtain
nice pictures of many graphs. A nice picture must encode important properties.

More intuition comes from considering the matrices that model random walks on graphs. Cheeger’s inequality
(1970) for graphs relates eigenvalues of the walk matrix to the conductance of a graph. The conductance of a
graph measures how easily it can be partitioned, and is the foundation of some of the most important ways of
discovering graph structure.

Babai, Grigoryev, and Mount (1982) showed how to efficiently use a graph’s eigenvectors to determine whether
or not it is isomorphic to another graph, provided that no eigenspace has large dimension.

We will survey these results, explain some fascinating proof techniques used to prove them, and describe
some advances in this area. (Received September 25, 2018)

1145-00-2550 Sarah Koch*, Department of Mathematics, University of Michigan, 530 Church Street,
East Hall, Ann Arbor, MI 48109. What is the shape of a rational map?

One aspect of complex dynamical systems concerns the study of iterating rational maps on the Riemann sphere.

A wealth of complicated and deep behavior can emerge when a rational map is iterated; this behavior is governed
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by the orbits of the critical points of the map under iteration. A rational map is said to be postcritically finite
if every critical point eventually maps into a periodic cycle. Postcritically finite maps are particularly nice to
study and are of central importance in complex dynamics. Loosely speaking, in the space of all rational maps,
those that are postcritically finite play a role akin to the rational numbers in the reals. In this talk, we explore
potential answers to the question in the title that come from complex dynamics, focusing on postcritically finite
rational maps.

Material in this talk is based on joint work with: X. Buff and A. Epstein, and with L. DeMarco and C.
McMullen. (Received September 25, 2018)

1145-00-2569 Jordan Marie Spencer*, Department of Mathematics, Brigham Young University, Provo,
UT 84602, and Konnor J Petersen, Jane Cox and Tyler Jarvis. Using Survey Data
and Mathematical Modeling to Prioritize Water Interventions in Developing Countries.

We describe a method for combining the World Health Organization’s cost-effectiveness analysis with country

wide survey data in order to construct an ordered ranking of the areas within a given country which have the

highest need for a more reliable water source, it also includes the optimal method of water intervention. We
also address a key problem in the charitable water sector: while survey data is available, due to privacy issues,
much of the geographical and spatial data is lost or confounded. This disconnects the information from the

locations in which they were found, making the data largely unusable. To overcome this, we propose using a

combination of Voronoi modelling and gamma distributions to estimate an accurate representation of the data,

allowing charities to overcome the lost information and increase their ability to use the available data. This
method has been tested on the countries of Namibia and Madagascar and should be applicable to many more.

(Received September 25, 2018)

1145-00-2757 Edgar E. Robles (edgar.roblesarias@ucr.ac.cr), Ching Pui Wan, Fatima
Zaidouni* (fzaidoun@u.rochester.edu), Joanne Beckford and Aliki Mavromoustaki.
Threshold optimization in multiple binary classifiers for extreme rare events using predicted
positive data.
Classification on imbalanced datasets is a challenging problem where a high rate of correct detection is required
in the minority class. We analyze the output of binary classification models used by Google, where the inputs
are documents categorized as either predicted positive or negative against a certain threshold. In rare-event
problems, positives have a prevalence of around 0.1% and it is expensive to estimate all documents. Therefore,
the problem is reformulated using the correct labels [true positive (TP) or false positive (FP)] on a sample of
the predicted positives, as determined by human raters. It is important to pick an operating point (OP) on the
TP/FP fitted curve whose position is adjusted to return the cost for one additional TP document in terms of
the number of FP. We propose two solutions to select an optimal OP by maximizing the area under the curve
(AUC): a graph-based and an analytic approach. The graph-based approach constructs a graph to select an
optimal path in the threshold space that is then converted to a curve in the TP/FP space. The analytic approach
estimates the AUC by minimizing a cost function. Our approaches improve over existing solutions by relating
the TP/FP space to the threshold space and offer a business interpretation to the OP. (Received September
25, 2018)

1145-00-2826 Catherine Ross* (ross321@live.missouristate.edu). Twisted Knots of Color.
Preliminary report.

The colorfulness of Knot Theory is, in fact, literal. Inspired by Perko’s Theorm, which infers that a knot is

S3 — colorable <= S4 — colorable, more relationships of coloring knots with groups arise. When G is a group,

it turns out G — colorability in the class of Twist Knots has some desirable properties. These properties may

also be generalizable within additional classes of alternating knots. (Received September 25, 2018)

1145-00-2946 Amrita Acharyya (amrita.acharyya@utoledo.edu), Toledo, OH, Jon M Corson
(jcorson@ua.edu), Tuscaloosa, AL , and Bikash C Das* (bikash.das@ung.edu),
Oakwood, GA. Varieties of profinite graphs.

We consider pro-C graphs for certain categories of finite graphs which we call pseudovarieties. After exploring

some of the general theory, we specialize to a particular pseudovariety, denoted by E, that arises naturally in

constructing end point compactifications of connected abstract graphs. Pro-E graphs and their fundamental

profinite groups are shown to have structure analogous to abstract graphs in some ways. (Received September

25, 2018)
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1145-00-3001 Suzanne L Weekes* (sweekes@wpi.edu), Ron Buckmire (ron@oxy.edu) and Rachel
Levy (rlevy@maa.org). Discussion.

In this period, the audience is invited to engage in a discussion with the speakers and organizers on the topics pre-

sented, or on other issues in the minisymposium theme of human factors in mathematics education. (Received

September 26, 2018)

1145-00-3002 Renee Brady* (renee.brady@moffitt.org), Tian Zhang, Andrew Z Wang, John D.
Nagy and Heiko Enderling. Optimizing docetazel scheduling to delay progression in
metastatic prostate cancer patients receiving hormone therapy.

Continuous androgen deprivation therapy (ADT) has been the standard of care for patients with advanced

prostate cancer since the 1940s. Treating concurrently with docetaxel chemotherapy has shown to significantly

improve median overall survival from 71 months with ADT alone to 81 months with concurrent treatment

(p=0.006) (PMID: 26719232). We developed a mathematical model of prostate cancer stem and non-stem cell

dynamics, serum prostate specific antigen levels and docetaxel during concurrent treatment. We generate highly

accurate fits to the longitudinal data of 100 patients receiving ADT treatment with docetaxel either given at
the initiation of ADT treatment (50 patients, 6 cycles) or after the development of castration resistant prostate
cancer (50 patients, 10 cycles) (R2 = 0.79). As androgen-independent prostate cancer stem cells are sensitive
to docetaxel, simulations show that early administration of chemotherapy results in sufficient reduction of the
prostate cancer stem cell population. In contrast, late administration is unable to efficiently combat the large
stem cell population that has developed during androgen deprivation, thereby resulting in resistance earlier.
Thus, it is optimal to administer docetaxel at the onset of androgen deprivation therapy. (Received September
26, 2018)

01 » History and biography

1145-01-36 Karen Hunger Parshall*, Department of Mathematics, P.O. Box 400137, University of
Virginia, Charlottesville, VA 22904-4137. The roaring twenties in American mathematics.
Preliminary report.
World War I served as a break in business as usual within the American mathematical research community. In
its aftermath, American mathematicians had the sense, in Oswald Veblen’s words, of entering into ”a new era
in the development of our science.” To that end, ”[e]very nerve,” according to Roland Richardson, ”should be
strained to get our research back on its feet.” These and others poured themselves into their work in the 1920s,
but what did that mean? What were their main research interests? Where were those interests fostered? What,
in short, was the lay of the American mathematical research landscape in the 1920s? This talk with explore the
answers to these questions. (Received June 28, 2018)

1145-01-110 William Dunham* (bdunham@brynmawr.edu). A Morsel from Euler.
Consider the infinite series:
1 1 1 1
tan(m/4) 4+ 3 tan(m/8) + 1 tan(7/16) + 3 tan(w/32) + 6 tan(m/64) 4+ --- .

A comparison test easily establishes convergence, but determining the exact sum is not for the faint of heart.
Who could possibly do such a thing?

The answer is Leonhard Euler. To find the exact value, he developed a peculiar trig identity and then
employed logarithms, derivatives, and something he called “infinite numbers.” The sum of this series, which is
simple in form but far from obvious, provides striking evidence of Euler’s mathematical agility.

This talk is for those who want to match wits with one of history’s great mathematicians. (Received July
31, 2018)

1145-01-142 Nicholas Scoville* (nscoville@ursinus.edu), 601 E Main Street, Math and CS,
Collegeville, PA 19465. Build your own topology: A history of some of the azioms of a
topology with applications to the classroom. Preliminary report.

Day 1 of a course in point-set topology usually begins with the open set axioms of a topology. During the course,

one might show that the open set axioms are equivalent to the closed set axioms, but that tends to be the only

equivalent system investigated. Yet there are other, less obvious equivalent sets of axioms for a topology. In this
talk, we will look at two other sets of axioms for a topology, due to Hausdorff and Kuratowski. Hausdorff gives
axioms in terms of neighborhoods while Kuratowski uses the closure operation. In both cases, different terms
act as the “undefined terms” of the axiomatic system. This leads us to the idea of having students come up

i

with their own set of undefined terms and axioms to create their own “topology,” much like students in a college
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course in geometry can create their own geometry through undefined terms and axioms. (Received August 08,
2018)

1145-01-281 Marjorie Senechal* (senechal@smith.edu). Maz Dehn in America. Preliminary report.
Max Dehn (1878 - 1952), the first to solve a problem (#3) on Hilbert’s famous list, is remembered for Dehn
invariants, Dehn surgery, Dehn twist, etc., and for his long-running, influential mathematics history seminar at
the University of Frankfurt. His dramatic escape from Nazi Germany across Siberia and, eventually, into the
mountains of North Carolina, is the stuff of published legend and, in some quarters, pity. But papers in the
Dehn collection at the Briscoe Center for American History at the University of Texas, Austin, and the archives
of the five very different American colleges and universities in which he taught give a fuller and more nuanced
picture of that journey — and of Dehn himself. (Received August 28, 2018)

1145-01-582 Stephan Ramon Garcia* (stephan.garcia@pomona.edu), 610 N College Ave, Claremont,
CA 91711. The Bateman—Horn conjecture.

The Bateman—Horn conjecture is one of the most significant and far-reaching conjectures in the theory of

numbers. We discuss the conjecture and its origins, paying particular attention to original sources and first-hand

accounts. (Received September 10, 2018)

1145-01-595 Annette Imhausen* (warner@em.uni-frankfurt.de), Cluster ”Normative Orders”,
Max-Horkheimer-Strafle 2, 60323 Frankfurt, Germany. Mathematics and Justice in Ancient
Egypt.

Mesopotamia and Egypt were the earliest cultures that developed writing systems and notations for numbers.
Both were used by their rulers (kings) to administer the country and to govern available resources. In addition,
they were also employed to structure and justify formal collections of knowledge. These early formal systems
include explicit and implicit elements of the normative orders that structured their respective societies, e.g.
by prescribing the work-load (measured in quantities of produce) that had to be delivered in set time periods.
Furthermore, at least for Mesopotamia, a relation between mathematical and legal procedure texts has been
established by Jim Ritter based on the verbal structures in each of these texts. A similar case can be made
for Greco-Roman Egypt based on the Demotic mathematical problem texts and the Demotic Legal Code of
Hermopolis West. The case for Egypt before Greco-Roman times, however, is not as straightforward. The talk
will explore additional sources for his earlier part of Egyptian history to indicate the role that mathematics may
have had in establishing normative orders and justice in ancient Egypt. (Received September 11, 2018)

1145-01-689 Amy Ackerberg-Hastings* (aackerbe@verizon.net). Analysis and Synthesis in A.-M.
Legendre’s Eléments de géométrie. Preliminary report.

My 2000 dissertation and subsequent work explored how three different understandings of the terms “analysis”
and “synthesis”—as mathematical styles, as directions of proof, and as educational approaches—influenced
Americans’ choices of geometry textbooks for colleges in the early 19th century. Although it provided the basis
for two of these books, the 1819 translation attributed to Harvard’s John Farrar and David Brewster’s 1822
translation that was co-opted by Charles Davies of the US Military Academy, I have never examined Legendre’s
1794 geometry textbook with respect to how these three dichotomies operated in his 18th-century French context.
This talk reports on my effort to conduct such an inquiry. (Received September 12, 2018)

1145-01-723 Christopher J. Phillips* (cjpl@cmu.edu), Carnegie Mellon University, Dept. of History,
Baker Hall 240, 5000 Forbes Ave., Pittsburgh, PA 15213. Measuring Scouts and Trained
Noses: Subjectivity, Objectivity, and the History of Mathematics.
There’s a well-worn claim that gets made about the rise of mathematics in domains ranging from archaeology
to medicine, policing to education: mathematics enables forms of trust in people to be replaced with trust in
numbers. Put differently, numbers displace subjective knowledge with objective knowledge. While there are
certainly historical exemplars of this transition, many skillfully documented by Theodore Porter and others, this
talk focuses on another way mathematics has been used historically: to make the subjective objective. Focusing
on baseball, enology, and medicine, I will show the ways mathematics did not replace human knowledge but
rather enabled its marshaling into new forms of reliable knowledge. The history of mathematics’ spread is not
one of opposition to or displacement of human expertise; the concepts are in dialog with each other. The tools
and technologies crucial to my examples are deceptively simple—scouting reports, rating cards, and medical
records—and the mathematics hardly advanced—basic probability, sequential analysis, 2x2 tables—but the
result has been a profound and often under-appreciated contribution to the ubiquity of mathematics in the
modern world. (Received September 13, 2018)
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1145-01-844 J J Tattersall* (tat@providence.edu), Department of Mathematics, Providence College,
Providence, RI 02918. A Cambridge correspondence class in arithmetic for women.
Preliminary report.
In the late nineteenth century the Association for Promoting the Higher Education of Women in Cambridge
began sponsoring a series of correspondence classes for women vying for certificates on the Cambridge Higher
Local Examinations. These courses were designed for women who lived in remote areas devoid of suitable
teachers and for governesses who did not have sufficient control over their time to permit them to attend classes
or receiving oral instruction. In October that year, eighteen women enrolled in the arithmetic class organized by
W.H.H. Hudson of St. John’s College, Cambridge. The topics covered included measurement, vulgar fractions,
ratio, proportions, decimal fractions, and interest. We discuss the contents of his correspondence to students that
illustrate his educational philosophy, include tips on what books to consult, and his lessons on how to prepare
for the examination. (Received September 16, 2018)

1145-01-1017 Brigitte Stenhouse* (brigitte.stenhouse@open.ac.uk). Understanding the differential
in the unpublished work of Mary Somerville (1780-1872).

In the early 19th century, the need to increase the acceptance and utilization of the differential calculus in
Great Britain was keenly felt by a significant group of British mathematicians, who saw their contemporaries’
reliance on the Newtonian fluxional calculus as a hindrance to research. Mary Somerville (1780-1872) was an
active member of both the London- and Edinburgh-based communities of scholars who publicly advocated for
the adoption of ‘French analysis’ (in a variety of its manifestations). In 1834, she completed a treatise on the
differential calculus and its applications to geometry; with nomenclature borrowed from Lacroix, notation similar
to that of Lagrange, and a conspicuous absence of Cauchian limits, the manuscript of this unpublished work
provides a new and detailed insight into her conceptual understanding of a differential. Considering her central
place in the British mathematical community, my talk will focus on the new perspective to be gained from this
treatise, especially on the accessibility of, and contemporary attitudes towards, French ideas on the foundations
of the differential calculus in 1830s Great Britain. (Received September 18, 2018)

1145-01-1128 Robert E. Bradley* (bradley@adelphi.edu), Department of Mathematics & Computer
Science, Adelphi University, Garden City, NY 11530, and Salvatore J. Petrilli
(petrilli@adelphi.edu), Department of Mathematics & Computer Science, Adelphi
University, Garden City, NY 11530. Servois on Numerical Integration.

In mid-1810s, the topic of numerical integration was hotly debated in the pages of the Annales de Gergonne.

Christian Kramp (1760-1826) had published a paper in 1815 describing a novel method for estimating definite

integrals, based on the Trapezoid Rule and an ad hoc extrapolation technique. This sparked a debate among

Kramp, the editor Joseph Gergonne (1771-1859) and Joseph Bérard (1763-18447). Francois Joseph Servois (1767-

1847) entered the fray in 1817 with his Mémoire sur les quadratures, in which he resolved most of the issues

under dispute by the other authors. In this talk, we will examine Servois’ memoir, which is at turns a showpiece

of the calculus of operations, a feat of numerical prowess, and a collection of philosophical observations and
opinions, including his forward-looking attitude towards the utility of divergent series. (Received September

19, 2018)

1145-01-1367 Michael J. Barany* (michael@mbarany.com). Internationalize first, ask questions later:
Headlong diplomacy and American mathematical hegemony, 1920-1950.

In 1920, American mathematicians first successfully bid to host an International Congress of Mathematicians in
the United States, planned for 1924. They ultimately succeeded in hosting such a meeting on their third attempt,
in 1950 in Cambridge, MA. Historians of American and international mathematics, most notably Karen Parshall,
have given considerable recent attention to this period as a turning point for the international mathematical
community and Americans’ place within it. While it is tempting to emphasize Americans’ noble ambitions and
organizational triumphs in this period, their ignorance and blunders could be just as decisive for the particular
kind of internationalism that emerged. Looking to international archives beyond the core institutional and
personal sources typically used to understand these developments offers a striking view of these latter aspects of
American internationalism. My presentation will explore Americans’ headlong diplomacy, represented especially
by the dramatic miscalculations of Marshall Stone, and its contexts and consequences for a globalizing discipline.
(Received September 21, 2018)

1145-01-1429 Elizabeth Cornwall* (ecornwall@dixie.edu). Cracking Al-Kashi’s Tables.
During the 14%" century, the Persian astronomer and mathematician al-Kashi wrote his influential Khagani
Z7j, an astronomical work consisting of tables and accompanying text. Among the many astronomical tables
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contained in this work, al-Kasht presented several tabulating trigonometric quantities including some devoted to
the “shadow”, numerical data mathematically equivalent in many respects to the modern day tangent function.
This presentation investigates these ‘tangent’ tables, detailing how they were laid out and to be used, the broader
context in which they were understood, as well as the more complex question of how the numerical data they
contain was computed. (Received September 21, 2018)

1145-01-1495 Tony Royle* (tony.royle@open.ac.uk). Magnificent Mathematicians in their Flying
Machines.

The turn of the twentieth century heralded a revolution in humankind’s attempts to master powered flight.

Mathematics lay at the heart of a new genre of engineering that would be created by a cohort of exceptionally

talented academics to underpin the venture. A number would take to the air, whilst others toiled on the ground

in support. I will attempt a brief overview of the salient characters, institutions and mathematics intimately

connected with this narrative in Britain during WW1. (Received September 22, 2018)

1145-01-1503 Duncan J. Melville* (dmelville@stlawu.edu), Dept of Mathematics, St. Lawrence
University, Canton, NY 13617. Edward Hatton’s Mercantile Mathematics.

The expansion of trade and industry in late 17th-and early 18th-century England required increased numbers

of clerks schooled in basic arithmetic and the arts of double-entry bookkeeping. Among those serving the new

educational market was Edward Hatton (1664-1737), prolific author of some dozen works, many of which went

through multiple editions, in some cases for a good sixty years after his death. In this talk I give a survey of his

work illustrated with examples of his style and content. (Received September 22, 2018)

1145-01-1505 Lawrence Arthur D’Antonio* (1dant@ramapo.edu). Newton Has a Headache but
Clairaut Makes it Go Away.

Newton’s headache was his failure to compute the motion of the moon using his universal theory of gravitation.
In particular Newton was not able to account for the rotation of the lunar apsides. In this talk we will see how
Alexis Clairaut, after trials and tribulations, was able to solve this problem. We will discuss Clairaut’s initial
failure, his proposal to modify the inverse-square law of attraction, the subsequent dispute with Buffon, and the
final success in 1749 using a clever iterative calculation. Newton’s headache would surely have cleared up, if
Newton were still alive. (Received September 22, 2018)

1145-01-1562 Asamoah Nkwanta* (asamoah.nkwanta@morgan.edu), Morgan State University,
Department of Mathematics, 1700 E. Cold Spring Lane, Baltimore, MD 21251, and Janet
E. Barber (jbarber774@gmail.com), Stratford University, The School of Arts & Sciences,
2900 Eisenhower Avenue, Alexandria, VA 22314. Episodes in the Life of a Genius: J.
Ernest Wilkins Jr.

J. Ernest Wilkins Jr. had an IQ of 163 by age nine, earned a college degree at age 16, and received his doctorate

in mathematics at age 19 from the University of Chicago. This paper highlights his noteworthy contributions as

a mathematician, physicist, engineer, and educator. (Received September 23, 2018)

1145-01-1623 Peggy Aldrich Kidwell* (kidwellp@si.edu). My Computing Device — A Mathematical
Perspective.

Mathematically minded people in the United States have long invented, used in their work, and personally
owned computing devices. Those most common in the early nineteenth century were educational aids such
as the blackboard, the teaching abacus or numeral frame, and simple geometrical solids. At mid-century, some
proposed and a few purchased machines that carried out arithmetic mechanically. These would be quite common
by 1900, used to produce mathematical tables and to solve routine arithmetic problems. The handheld slide
rule also became popular among mathematicians, engineers, and scientists. A few early twentieth century
statisticians embraced tabulating equipment, while some number theorists devised their own machines and, at
midcentury, embraced the newly invented mainframe computer. However, it would only be with the advent of
microcomputers, often linked to linked to one another, that computers came to play a general role in mathematical
research, communication, publication, graphics, and modelling. (Received September 23, 2018)

1145-01-1666 Leona A. Harris* (leona.harris@udc.edu). My Choice to Change the World: An
Ezxploration of My Journey from the Spelman College Mathematics Department to an
Urban Public HBCU in the Nation’s Capital.

As a student in the Spelman College Mathematics Department, I learned about the power of mathematics and the

endless possibilities a degree in mathematics would afford me. I also learned about the vast underrepresentation

of minorities and women in the mathematical sciences, and of my two-fold responsibility to help diversify the field,
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by becoming a mathematician and helping other minorities and women achieve the same goal. This presentation
explores my HBCU journey from Spelman College to the University of the District of Columbia, and the various
experiences that have shaped my path from student to administrator. In addition to the impact that Spelman
College’s Mathematics Department has had on my professional trajectory, we explore Spelman’s impact on the
mathematics community through its programs and graduates, and a myriad of attempts by its graduates to live
by the College’s motto to make “A Choice to Change the World.” (Received September 23, 2018)

1145-01-1729 Anna-Sophie Heinemann* (annasoph@mail.uni-paderborn.de), Universitaet
Paderborn, Inst. fuer Humanwissenschaften: Philosophie, Warburger Str. 100, 33098
Paderborn, Germany. De Morgan on Barrett and Tetens: a British-Continental analogy in
the history of statistic thinking? Preliminary report.
Past decades have seen substantive research on the emergence of statistics as related to the development of
insurances and actuarial mathematics. Some decisive approaches can be marked out in the second half of the
18th century, when actuaries’ need for standardization of vital rates seems to have generated equivalents of
methods in British and Continental authors alike while perhaps unconnectedly. one case of the 1780s is that of
tables calculated by the practitioner George Barrett and the methods put forward by Johannes Nikolaus Tetens.
In 1854, Augustus De Morgan published in the Assurance Magazine to valuate Barrett’s merits and to vindicate
his originality. De Morgan’s inquiries are documented by manuscript material held by the London Senate House
Library. the file contains one letter from De Morgan to Charles Babbage in which the former confesses that
the similarities between Barrett’s and Tetens’s accounts are striking and can hardly be accounted except on the
assumption that Barrett was somehow informed of Tetens’s approach. Departing from this account, the presently
proposed paper aims at a reconstruction of De Morgan’s arguments and takes as its goal to test whether there is a
possibility of indirect influences between British and Continental actuarial mathematics. (Received September
24, 2018)

1145-01-1821 Dawn A Lott* (dlott@desu.edu), Computational and Physical Sciences Division, 1200 N.
DuPont Highway, Dover, DE 19904. A Lott of History.

The National Association of Mathematicians has been devoted to promoting excellence in the mathematical
sciences and promoting the mathematical development of all underrepresented minorities. This organization
has fostered the growth of and nurtured many prominent mathematicians, particularly mathematicians of color.
Topics to be addressed include (i) the personal journey of an African-American , female, applied mathematician,
Dr. Dawn A. Lott, who attributes her success to the support of NAM and its members and (ii) Dr. Lott’s tenure
as the Vice President of NAM. (Received September 24, 2018)

1145-01-1898 Della Dumbaugh* (ddumbaugh@richmond.edu), Department of Mathematics & Computer
Science, University of Richmond, Richmond, VA 23173. Aiming for High Standards:
Solomon Lefschetz as Editor of the Annals of Mathematics. Preliminary report.
Solomon Lefschetz played a critical role in the American mathematical community in the early twentieth century.
He contributed significantly to algebraic topology, its applications to algebraic geometry, and the theory of non-
linear ordinary differential equations. He not only exhibited academic excellence in mathematics, but he also
demonstrated leadership as a faculty member at the University of Princeton and as President of the American
Mathematical Society. Lefschetz served as the main editor for the Annals of Mathematics from 1928 to 1958, an
important period for the journal. During this time, it became an increasingly well-known and respected journal.
Its rise, in turn, stimulated American mathematics. This work specifically looks at Lefschetz’a role as editor of
the Annals, the papers that were published in the journal, the editorial boards, and the authors of the more
than 1800 articles that appeared during his editorship. (Received September 24, 2018)

1145-01-1965 Deborah Kent*, Collier-Scripps Hall, 2702 Forest Avenue, Des Moines, IA 50311. The
Nautical Almanac Office harbors mathematical editors, 1849-1866. Preliminary report.
An 1849 Naval Appropriations Act authorized an official United States national almanac so American scientists
and navigators would no longer need to depend on foreign sources for astronomical data. The U.S. Nautical
Almanac Office was established not at the Naval Observatory in Washington, D.C, but in Cambridge, MA,
specifically to have access to Benjamin Peirce’s expertise and oversight for the calculating staff. The Nautical
Almanac Office functioned as a crucial source of income and training for individuals who became centrally
involved as editors and contributors to American mathematical periodicals. (Received September 24, 2018)
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1145-01-1976 Dominic Klyve* (klyved@cwu.edu). Moral Arithmetic: Decisions, values, and the
likelihood of death from the Count de Buffon. Preliminary report.

Buffon’s work in mathematics has long been overlooked. His famous “needle problem”, of course, is often
mentioned, but this is presented more as a parlor trick than as a serious bit of mathematics. Buffon is best
remembered today for monumental Histoire naturelle, générale et particuliére, a 36-volume work in which he
considered an astonishing range of subjects, from the behavior of animals to the weather. However, Buffon
was also the author of a fascinating text on mathematics — his Essai d’Arithmetique Morale (Essay on Moral
Arithmetic). In it, Buffon treated a range of topics, including an experimental study of the St. Petersburg
game, an early treatment of utility theory, and range of problems in geometric probability. This talk will survey
Buffon’s work and attempt to put his many ideas in their historical context. (Received September 24, 2018)

1145-01-2126 Colin B. P. McKinney* (mckinnec@wabash.edu). Serenus’ Sections of a Cylinder and
Sections of a Cone. Preliminary report.

Serenus (4th century CE) wrote a now-lost commentary on the Conics of Apollonius, along with two works on

sections of a cone and of a cylinder. In this talk, I will detail my preliminary work translating and analyzing the

texts, and discuss their relationship with Apollonius’ text and the broader ancient Greek mathematical corpus.

(Received September 24, 2018)

1145-01-2129 Laura E Turner* (lturner@monmouth.edu), Department of Mathematics, Monmouth
University, 400 Cedar Avenue, West Long Branch, NJ 07764. Notions of continua in E.V.
Huntington’s work. Preliminary report.

In the early years of the 20th century, Harvard mathematician E.V. Huntington (1874-1952) published a number

of different sets of postulates defining the algebra of real quantities and the underlying linear continuum. In this

talk, we explore his treatment of continua. In particular, we consider his discussions of Cantor’s and Dedekind’s

definitions, and his mathematical and pedagogical motivations. (Received September 24, 2018)

1145-01-2148 John M Neuberger, Nandor Sieben* (nandor.sieben®@nau.edu) and James W Swift.
Synchrony And Anti-Synchrony For Difference-Coupled Vector Fields On Graph Network
Systems.
We define a graph network to be a coupled cell network where there are only one type of cell and one type of
symmetric coupling between the cells. For a difference-coupled vector field on a graph network system, all the
cells have the same internal dynamics, and the coupling between cells is identical, symmetric, and depends only
on the difference of the states of the interacting cells. We define four nested sets of difference-coupled vector fields
by adding further restrictions on the internal dynamics and the coupling functions. These restrictions require
that these functions preserve zero or are odd or linear. We characterize the synchrony and anti-synchrony
subspaces with respect to these four subsets of admissible vector fields. Synchrony and anti-synchrony subspaces
are determined by partitions and matched partitions of the cells that satisfy certain balance conditions. We
compute the lattice of synchrony and anti-synchrony subspaces for several graph networks. (Received September
24, 2018)

1145-01-2173 Brenda Davison* (bdavison@sfu.ca), 8888 University Dr., Burnaby, B.C. V5A 156,
Canada. Divergent Series near the turn of the 20" century. Preliminary report.

While Euler and others of the mid-18t" century had methods for assigning a value to some divergent series, the
broad adoption of the Cauchy definition for the sum of a series made such objects problematic. However, by
the mid-19t" century, renewed interest in these series, as a result of their usefulness in physics, appeared at the
hands of Stokes and Poincaré. This talk will examine the reasons for renewed interest in divergent series and
the mathematics of summability and asymptotic series that developed in the period from 1880 through 1920, at
the hands of Borel and Cesaro, among others, as a result. (Received September 24, 2018)

1145-01-2204 Kim Plofker* (kim_plofker@alumni.brown.edu). The mathematics of eclipse diagrams in
Sanskrit astronomy.

One of the few details we know about the professional incentives of medieval Indian mathematician-astronomers
is that it was important to them to predict eclipses. The parilekha or eclipse diagram was a crucial part of this
particular form of “public engagement with science”, and depended on several ingenious mathematical techniques
in areas ranging from simple trigonometry to numerical approximation. This talk discusses how such diagrams
were devised and used to showcase the professional achievements of mathematicians. (Received September 25,
2018)
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1145-01-2395 Brit Shields* (bshields@seas.upenn.edu). Solving the ”Shortage of Trained Brains”:
The Engineering, Science and Management War Training Program During the Second
World War.

With the outbreak of the Second World War, many US mathematicians, scientists and engineers began research
work for the war effort. Those at universities also participated in one of the largest government-subsidized
educational programs in US history. The Engineering, Science and Management War Training Program, funded
by the US Office of Education, operated on over 200 campuses nationwide. The program included opportunities
for students to train in engineering or for current engineers to gain new skills. This talk will discuss the role of
the mathematical sciences within this program, focusing on how the courses developed at New York University.
(Received September 25, 2018)

1145-01-2580 Johnny L. Houston* (jlhouston602@gmail.com). The National Association of
Mathematicians (NAM), The First Fifty Years (1969-2019): Contributions and Influences
as an Advocate and a Catalyst for Improvement.

The establishment of NAM was not the product of an abstract idea, but rather A Mission to bring about

constructive improvements in the Mathematical Community that would impact positively how underrepresented

American minorities would have fair and greater access to opportunities to participate and contribute to the

mathematical excellence being demanded by the profession. From the past half century, there is substantial

evident to be reviewed by objective observers to arrive at a clear decision as to whether or not this Mission is
being accomplished. During the period of time allowed, the presenter will exhibit the evident and discuss the
influences that appear to have occurred. At the end of the presentation, a discussion will be entertained, if time
permits, as to what should be NAM’s goals for the next thirty years. What does NAM wish to achieve by the
year 2050 when White American males will not likely constitute the majority of the persons in the mathematical
sciences community in America? (Received September 25, 2018)

1145-01-2941 Shelly M. Jones* (jonessem@ccsu.edu), 1615 Stanley Street, P.O. Box 4010, New
Britain, CT 06050. Motivating Students in Mathematics: Women Who Count.

As an African American woman and a Mathematics Educator, I was inspired by the book and movie, Hidden
Figures, to write a book entitled, Women Who Count: Honoring African American Women Mathematicians. The
book aims to continue to bring attention to the positive narratives of African American women in Mathematics
including their contributions to Mathematics and a glimpse into their personal lives as well. I will share several
biographies of 29 African American Women Mathematicians featured in Women Who Count, that can be used
to support students’ mathematics identity development. A strong mathematics identity is critical to success in
mathematics and is formed by one’s belief about one’s “(a) ability to do mathematics, (b) the significance of
mathematical knowledge, (c) the opportunities and barriers to enter mathematics fields, and (d) the motivation
and persistence needed to obtain mathematics knowledge” (Martin, 2000, p. 19). (Received September 25,
2018)

03 » Mathematical logic and foundations

1145-03-59 Luke S Serafin* (1serafin@alumni.cmu.edu), 33838 N 83rd St., Scottsdale, AZ 85266. A
Formally Verified Proof of the Central Limit Theorem.

We describe the results of a collaborative effort to formalize the proof of the central limit theorem of probability
theory. This project was carried out in the Isabelle proof assistant, and builds upon and extends the libraries
for mathematical analysis, in particular measure-theoretic probability theory. The formalization introduces
the notion of weak convergence (also known as convergence in distribution) required to state the central limit
theorem, and uses characteristic functions (Fourier transforms) to demonstrate convergence to the standard
normal distribution under the hypotheses of the central limit theorem. Supporting such reasoning motivated
significant changes to the measure-theoretic integration libraries of Isabelle. (Received July 15, 2018)

1145-03-460 Sergey S. Goncharov, Julia F. Knight and Ioannis Souldatos*
(souldaio@udmercy.edu), 4001 W. McNichols Road, Department of Mathematics, Detroit,
MI 48221. The Hanf Number for Scott Sentences of Computable Structures.

The Hanf number for a set S of sentences in Ly, ., (or some other logic) is the least infinite cardinal x such

that for all ¢ € S, if ¢ has models in all infinite cardinalities less than x, then it has models of all infinite

cardinalities. S-D. Friedman asked what is the Hanf number for Scott sentences of computable structures. We
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show that the value is 3 cx. The same argument proves that 3 cx is the Hanf number for Scott sentences of

hyperarithmetical structures. (Received September 06, 2018)

1145-03-484 Douglas Cenzer* (cenzer@ufl.edu), Department of Mathematics, University of Florida,
Gainesville, FL 32611-8105. Computability and complezity in structure theory: the work of
Jeffrey B. Remmel.
Jeff Remmel played a leading role in the application of computability and complexity to structure theory as
well as other areas such as algebra and combinatorics. Here one major theme is to compare and contrast
computable structures with structures which are computable at some subrecursive complexity, often polynomial
time. The existence question is to classify the computable structures which are isomorphic to polynomial time
structures. The uniqueness question is to determine the complexity-theoretic categoricity of a structure, that
is, to see whether two isomorphic polynomial time structures of a certain type have, say, an exponential time
isomorphism. Another theme is to explore the properties of polynomial time structures, for example, to look at
the complexity of a vector space versus the complexity of a basis for the space. This talk will review some of
the highlights of Remmel’s work, including some recent work on automatic structures. (Received September
07, 2018)

1145-03-586 Martin D Davis* (martin@eipye.com), 3360 Dwight Way, Berkeley, CA 94704.
Undecidable Propositions in Number Theory: Are All of Them Monsters?

Foundational work in the 1930s yielded two different kinds of impossibility: algorithmic unsolvability (the non-
existence of a uniform algorithms for determining the truth or falsity of each of an infinite class of assertions)
and undecidable propositions (individual assertions that could neither be proved nor disproved in a particular
given logical formalism). Whereas examples of the former kind are to be found in almost every branch of
mathematics, results of the latter kind have so far had virtually no impact on mathematical practice. This is
particularly striking in the case of number theory where Gédel and others have made much of the fact that such
propositions can be found of a simple Diophantine form. However, when these are written explicitly, a monster
results. Given that we know that new H(l) propositions become provable as ever stronger set-theoretic axioms
are provided, it may well be the case that even such classic open problems as the Goldbach Conjecture and the
Riemann Hypothesis may require set-theoretic methods. In his Gibbs address Gédel conjectured that this is
indeed the case for RH. Fermat’s Last Theorem has been proved, but it may not be provable in PA. Experts in
weak arithmetics could seek models that falsify certain of these propositions. (Received September 10, 2018)

1145-03-658 David Marker* (marker@uic.edu), Dept. Mathematics UIC, 322 Science and Engineering
Offices (M/C 249), 851 S. Morgan St., Chicago, IL 606077045. Fifty years in the model
theory of theory of differential fields.

Blum’s 1968 thesis introduced the use of stability theoretic methods to study differential fields. Many interesting

model theoretic phenomena are illustrated in differentially closed fields and model theory methods have been

surprising effective in obtaining differential algebraic results. The model theory of differential fields has also
had important applications to differential Galois theory, Diophantine geometry and transcendence theory. I will

survey some of these interactions. (Received September 12, 2018)

1145-03-661 John Krueger* (jkrueger@unt.edu), Department of Mathematics, University of North
Texas, 1155 Union Circle #311430, Denton, TX 76210. A forcing axiom for a non-special
Aronszajn tree.
Suppose that T* is an Aronszajn tree with no stationary antichain. We introduce a forcing axiom PFA(T™*) for
proper forcings which preserve these properties of 7*. PFA(T*) implies many of the strong consequences of PFA,
such as the failure of very weak club guessing, that all of the cardinal characteristics of the continuum are greater
than w1, and the P-ideal dichotomy. On the other hand, PFA(T*) implies some of the consequences of diamond
principles, such as the existence of Knaster forcings which are not stationarily Knaster. (Received September
12, 2018)

1145-03-662 Jeffry L. Hirst* (hirstjl@appstate.edu), Department of Mathematical Sciences,
ASUBox 32092, Appalachian State University, Boone, NC 28608. Reverse mathematics and
colorings of hypergraphs.

Given a sequence of hypergraphs, how hard is it to select those with a two coloring? We answer this question

using the framework of reverse mathematics. In the worst case, when the hypergraphs may contain infinite

edges, the existence of the selection function is equivalent to H%—CAO over the base system RCAq. This is joint

work with Caleb Davis and Jake Pardo. (Received September 12, 2018)
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1145-03-664 Michael Chris Laskowski* (mcl@math.umd.edu), Department of Mathematics, University
of Maryland, College Park, MD 20742. 35 years later: A fresh perspective on classifiable
theories. Preliminary report.

Several years after their identification, we give a friendly presentation of the model theory of classifiable theories,

i.e., those theories T' for which isomorphism types in Mod(T) can be described by trees of invariants. We give

more agreeable (but equivalent) definitions of classifiability in terms of how independent triples of models of T'

can be completed to a model. Also, we describe and investigate many species of regular types tp(a/M) and

explain when a prime model exists over M U {a}, thereby clarifying which T have which uncountable spectra.
This is an ongoing project with Elisabeth Bouscaren, Bradd Hart, and Ehud Hrushovski. (Received Sep-
tember 12, 2018)

1145-03-681 Francis Adams* (fadams@gsu.edu), Department of Mathematics and Statistics, Georgia
State University, 25 Park Place 14th Floor, Atlanta, GA 30303. Injection structures and
the Ershov hierarchy.

We investigate properties of injections structures related to the Ershov hierarchy. In particular, we provide

a finer analysis of the effective categoricity of Ag—categorical injection structures. A substantial amount of

machinery and background results are provided by work of Remmel and others on computability and categoricity

of injections structures [1], and on equivalence structures in the Ershov hierarchy [2].

[1] Cenzer, Douglas, Valentina Harizanov, and Jeffrey B. Remmel. ” Computability-theoretic properties of
injection structures.” Algebra and Logic 53.1 (2014): 39-69.

[2] Cenzer, Douglas, Geoffrey Laforte, and Jeffrey Remmel. ”Equivalence structures and isomorphisms in the
difference hierarchy.” The Journal of Symbolic Logic 74.2 (2009): 535-556. (Received September 12, 2018)

1145-03-726 Will Boney and Ioannis Souldatos*, souldaioQudmercy.edu. The First Measurable is a
Lower Bound for the Hanf Number for Joint Embedding.

From [1], if p is a strongly compact cardinal, K is an Abstract Elementary Class (AEC) with LS(K) < u, and

K satisfies joint embedding cofinally below u, then K satisfies joint embedding > p. The question was raised if

the strongly compact upper bound was optimal.

The following theorem provides a lower bound.

Theorem [2] There exists an AEC K axiomatized by an L, -sentence, so that if y is the first measurable
cardinal, then joint embedding holds/fails cofinally below u , and everywhere above p.

This proves that the Hanf number for joint embedding is contained between the first measurable and the first
strongly compact. Since these two cardinals can consistently coincide, the upper bound from [1] is consistently
optimal.

Moreover, it is consistent that for any club C' on the first measurable pu, JEP holds exactly on lim C' and
everywhere above p.

References

(1] John Baldwin, Will Boney.

Hanf numbers and presentation theorems in aecs.

In Jose Iovino, editor, Beyond First Order Model Theory, pages 81-106. Chapman Hall, 2017.

(2] Will Boney, Ioannis Souldatos

A Lower Bound for the Hanf Number for Joint Embedding

pre-print: https://arxiv.org/abs/1808.03017 (Received September 13, 2018)

1145-03-869 Henry P Towsner* (htowsner@math.upenn.edu). Regularity Lemmas in the Limit.
In a precise way, Szemeredi’s regularity lemma is a quantitative version of the existence of the conditional expec-
tation. Similarly, hypergraph regularity corresponds to the existence of a sequence of conditional expectations
on a sequence of nested sigma algebras.

We will discuss the nature of the correspondence between finitary, quantitative statements like regularity and
infinitary statements like the existence of conditional expectation. (Received September 16, 2018)

1145-03-914 Nigel Pynn-Coates* (pynncoa2@illinois.edu), Department of Mathematics, University
of Illinois at Urbana—Champaign, 1409 W Green St, Urbana, IL 61801. Model companions
of theories of valued differential fields. Preliminary report.

The model companion of the theory of monotone valued differential fields is already well understood. I will

discuss ongoing work towards obtaining a similar model companion result in the setting of H-asymptotic valued
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differential fields, including positive results at the level of asymptotic couples and algebraic results, such as the
existence of differential-henselizations, that may be useful. (Received September 17, 2018)

1145-03-953 Kenneth Kramer and Russell Miller* (russell.miller@qc.cuny.edu), Mathematics
Dept., Queens College, 65-30 Kissena Blvd., Queens, NY 11367. Hilbert’s Tenth Problem as
a Pseudojump Operator.
For a ring R, Hilbert’s Tenth Problem is the set HT P(R) of polynomial equations in several variables over R
which have solutions in R. When we restrict our view to subrings R of Q, we can therefore view HT P as an
operator, mapping each subring (viewed as a subset of Q) to a subset of Z[X1, Xa,...]. As such, HT P satisfies
Jockusch and Shore’s definition of a pseudojump operator: by appropriate coding, we can consider it to map
each subset of N to another subset of N, and the resulting set HT' P(R) is uniformly computably enumerable in
R, lying somewhere between R and its jump R’ under Turing reducibility.

It is natural to ask whether this operator preserves Turing reducibility. We show that, unlike the true jump
operator, it fails to do so: indeed, it can actually reverse Turing reductions. We also introduce a notion of
completeness for sets under the HT P-operator, and show that, although very few sets are HT P-complete in this
sense, every Turing degree contains an HT P-complete set. (Received September 17, 2018)

1145-03-976 Daniel Turetsky* (dan.turetsky@msor.vuw.ac.nz). Constructing a fized point of the
structural jump.

The structural jump is a sort of reverse Marker-extension, where the complexity of all formulae is reduced by

one quantifier. Montalban constructed a fixed-point for the structural jump, meaning a structure for which the

degree spectrum is the same for it and its structural jump. His construction requires a large cardinal axiom; S.

Friedman & Welch, and independently Puzarenko, produced constructions inside ZFC. We present a simplified

construction, also in ZFC. (Received September 17, 2018)

1145-03-998 Rachael Alvir and Julia F. Knight* (knight.1@nd.edu), 255 Hurley Hall, Mathematics
Department, University of Notre Dame, Notre Dame, IN 46556, and Charles McCoy.
Complexity of Scott sentences.
By an old result of A. Miller, if a countable structure A has a IIo41 Scott sentence and one that is o1 Scott
sentence, then it has a d-3, Scott sentence. The result of A. Miller is based on a result of D. Miller on separators
for disjoint II4 41 classes of structures. Montalban showed that A has a Il,11 Scott sentence iff the orbits of all
tuples are defined by ¥, formulas. We consider effective versions of these results. In particular, we show that if
a countable structure A has a computable 3,41 Scott sentence and one that is computable II,41, then it has
a computable d-¥X, Scott sentence. We also show that if A has a computable IIo41 Scott sentence, then the
orbits of all tuples are defined by computable X, formulas—the converse fails. (Received September 18, 2018)

1145-03-1011 Dan E. Willard* (dwillard@albany.edu). On the Utility of Partial Evasions of the
Second Incompleteness Theorem in the Modern Digital Era.

We have published several articles about generalizations of the Second Incompleteness Theorem and partial
evasions of it under formalisms that own a partial knowledge about their own self-consistency (These papers are
cited and summarized in http://arXiv.org/abs/1807.04717 of the Cornell archives). The late physicist Stephen
Hawking has predicted that global warming will likely be so severe that civilization emanating from Earth will
find it difficult to continue without employing Artificially Intelligent computers and probably space travel within
the Solar System. Our research into Self-Justifying logic systems should be germane to at least one facet of
Hawking’s aspirations for AI. This is because for any r.e. axiom system A, our formalism can devise a system
“IS(A)” that can prove analogs of all A’s IT; theorems (under a revised language that treats multiplication as
a 3-way relation), as well as to recognize the validity of at least a fragmentary definition of its own consistency,
and to support an Al system that can survive even if the potential extinction of mankind on Earth does occur.
Much added engineering will need be done, but IS(A)’s formalism should be a helpful start to what will be a
much larger, more ambitious project. (Received September 18, 2018)

1145-03-1014 Mirna Dzamonja* (m.dzamonja@uea.ac.uk) and Ivan Tomasié. Using combinatorial
limits to obtain regularity lemmas.

We show how to obtain some old and some new regularity lemmas using combinatorial limits. (Received Sep-

tember 18, 2018)
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1145-03-1046 Julia F. Knight* (knight.1@nd.edu), Karen Lange and Reed Solomon. Roots of
polynomials in fields of generalized power series.

Let K be an algebraically closed field of characteristic 0. Newton and Puiseux showed that the field K{{t}} of
Puiseuz series is algebraically closed. Maclane showed that for a divisible Abelian group G, the field K((G)) of
Hahn series is algebraically closed. Puiseux series have length at most w. For a given polynomial p(z), Newton’s
method for finding roots does not look computable. However, guessing at the non-computable bits, we get a
uniform effective procedure that, when applied to any K and a non-constant polynomial p(x) over K{{t}}, yields
a root. Hahn series have ordinal length. We can show that if p(x) is a polynomial and + is a limit ordinal greater
than the lengths of all coefficients in p(z), then the roots all have length less than w®”. At least for countable
ordinals ~, this is sharp. We would like to measure, in terms of the usual hierarchies from computability, the
complexity of the process that, for a computable ordinal «, given K, G, and a polynomial p(z) over K((G)),
either produces rq of length « that is an initial segment of a root, or else determines a root r of length less than
a. (Received September 18, 2018)

1145-03-1092 Reed Solomon* (david.solomon@uconn.edu). Revisiting Remmel’s analysis of computably
categoricity for linear orders. Preliminary report.

One of Jeff Remmel’s most quoted theorems is that a computable linear order L with infinitely many successor

pairs has infinite computable dimension. In the main step of this theorem, he proved there is a computable

linear order R which is 0’-isomorphic to L but not computably isomorphic to L. Marie Nicholson considered

which computable linear orders L and Ag degrees have a similar property. In this talk, I will survey some of the

results from Marie’s dissertation as well as some more recent examples. (Received September 18, 2018)

1145-03-1150 Nate Ackerman* (nate@math.harvard.edu). Irregular Pairs in Structures with Bounded
VC Dimension.

In Szemerédi’s regularity lemma for graphs there are three parameters which measure the complexity of a

regularity partition: the amount of regularity, the size of the partition, and the number of irregular pairs of

parts in the partition. Suppose we fix an amount of regularity € and a class of finite graphs C. Let f. ¢ be the

function whose input is a partition size k£ and whose output is the least value ¢ such that every element of C has

an e-regular partition of size k with at most £ irregular pairs.

In this talk we will review what is known about fc ¢ for various classes C'. In the case where C'is a collection
of graphs of VC dimension at most d, we will provide an upper bound on f. ¢ that depends on d and is strictly
better than the general case. These results generalize to finite structures in arbitrary finite relational languages.

This is joint work with Cameron Freer and Rehana Patel (Received September 24, 2018)

1145-03-1180 Antonio Montalban*, montalban@berkeley.edu. A new metatheorem.

We present a new metatheorem based on Ash’s original a-priority argument and subsequent formulations by
the speaker. The previous modification of Ash’s metatheorem by the author were more hands-on and slightly
more general than the original. This new version is more abstract, less hands-on, less general, but much easier
to apply. (Received September 19, 2018)

1145-03-1209 Andrey Morozov* (morozov@math.nsc.ru), Sobolev Institute of Mathematics SB RAS,
Novosibirsk, 630090, Russia. On Y—definable preorderings over the reals.

We prove that any preorder >—definable with parameters over the hereditarily finite superstructure over the reals

(HF(R)) does not contain a chain of type wi. Using this result, we obtain complete descriptions of ordinals and

Godel constructive sets of kind L, X—presentable over HF(R) and prove that there is no such presentations for

the structures of T—, m—, 1—, and tt—degrees. (Received September 20, 2018)

1145-03-1231 Yimin Zhong* (yiminz@uci.edu) and Kui Ren (kr2002@columbia.edu). Reconstruction
of acoustic and optical properties in PAT from multispectral data.

This work is concerned with the simultaneous reconstruction of acoustic and optical properties in photoacoustic
(PAT). We consider the inverse problem linearized at constant backgrounds and prove that it is possible to
uniquely reconstruct the perturbations of the acoustic sound speed, acoustic attenuation and optical absorption
coefficient with data collected from optical illuminations at multiple wavelengths. We derive some stability
estimates associated to the simultaneous reconstruction process under some additional assumptions. Numerical
simulations based on synthetic data are presented to support the theoretical derivation. (Received September
20, 2018)
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1145-03-1238 Ethan Brauer* (eebrauer@gmail.com), 350 University Hall, 230 N. Oval Mall, Columbus,

OH 43210. Relevance and the perfect sequents of classical logic.
Relevance logics are typically offered as alternatives to classical logic on the assumption that there is no place for
studying relevance in classical logic. I argue that this assumption is mistaken. There is a coherent and robust
notion of relevance that has a place in the study of classical logic: the ideal of relevance is best embodied by the
so-called perfect sequents—sequents that are valid but have no valid proper subsequents. In this talk I address
two questions: What syntactic properties do perfect sequents have? Are there fragments of classical logic that
prove only perfect sequents?

In response to the first question I establish a strong variable-sharing property for the perfect sequents.
Concerning the second question, I consider a modification of LK that restricts initial sequents to be of the form
P = P, for P atomic, and has no rules of cut or weakening. This system is shown to be sound, complete, and
cut-admissible with respect to the class of perfect sequents whose logical vocabulary is among V, 3 and at most
one of =, V, A (in the fragment based on A, the completeness result only holds in the restricted form: if A F ¢
is perfect, then A\ A = ¢ is provable). (Received September 20, 2018)

1145-03-1244 Jennifer Chubb, Russell Miller* (russell.miller@qc.cuny.edu) and Reed Solomon.
Model completeness and relative decidability of countable structures.

The definition of a model-complete theory T is standard in model theory. It is equivalent for T" to have quantifier
elimination down to existential formulas. From the quantifier elimination, one quickly sees that every computable
model of a computably enumerable, model-complete theory 7" must be decidable. We call a structure relatively
decidable if this holds more broadly: if for all its copies A with domain w, the elementary diagram of A is
Turing-reducible to the atomic diagram of A. In some cases, this reduction can be done uniformly by a single
Turing functional for all copies of A, or even for all models of a theory T

We discuss connections between these notions. For a c.e. theory, model completeness is equivalent to uniform
relative decidability of all countable models of the theory, but this fails if the condition of uniformity is excluded.
On the other hand, for relatively decidable structures where the reduction is not uniform, it can be made uniform
by expanding the language by finitely many constants to name certain specific elements. This is shown by forcing,
and we conjecture that a similar result may hold for theories T" such that every model of T' is relatively decidable.
(Received September 21, 2018)

1145-03-1248 Douglas Cenzer* (cenzer@ufl.edu), Department of Mathematics, University of Florida,
Gainesville, FL 32611-8105. Computable aspects of homogeneous structures.

The effective categoricity of homogeneous structures is investigated. Any computable homogeneous structure
is Ag categorical. A structure A is said to be weakly homogeneous if there is a finite (ezceptional) set of
elements ay, ..., an such that A becomes homogeneous when constants representing these elements are added to
the language. Characterizations of the weakly homogeneous structures are presented for families of structures,
including: linear orderings, Boolean algebras, Abelian p-groups, equivalence structures, injection structures and
trees. These are compared with characterizations of the computably categorical and Ag categorical structures.
Index sets are used to determine the complexity of the notions of homogenous and weakly ultrahomogeneous for
various structures. (Received September 20, 2018)

1145-03-1371 Athar Abdul-Quader* (athar.abdulquader@purchase.edu) and Roman Kossak.
Neutrally expandable models of arithmetic.

A subset of a model of PA is called neutral if it does not change the definable closure relation. A model of PA
with undefinable neutral classes is called neutrally expandable. Clearly, every O-definable set is neutral in any
model. We give examples of neutrally expandable models and prove that recursively saturated models are not
neutrally expandable. We also show that neutrality is not a first-order property: in particular, there is no theory
T extending PA such that, for any recursively saturated model M and any set X, X is neutral iff (M, X) E T.
This work is inspired by work by Chatzidakis and Pillay, Generic structures and simple theories, Annals of
Pure and Applied Logic, vol. 95 (1998), no. 1-3, pp. 71-92 and Dolich, Miller, and Steinhorn, Eztensions of
ordered theories by generic predicates, The Journal of Symbolic Logic, vol. 78 (2013), no. 2, pp. 369-387 and
Ezpansions of o-minimal structures by dense independent sets, Annals of Pure and Applied Logic, vol. 167
(2016), no. 8, pp. 684-706, who studied generic expansions of ordered structures. (Received September 21,
2018)
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1145-03-1394 Karen M. Lange* (karen.lange@uellesley.edu), Wellesley College, 106 Central St.,
Wellesley, MA 02481. Classifications of definable subsets of equivalence and injection
structures.

For a fixed syntactic-complexity class C, a subset of a structure is C-definable if the subset is defined by some C-
formula. Generalizing an idea of Friedberg, Goncharov and Kogabaev introduced the notion of a C-classification
of a structure; this is a computable list of C-formulas such that every C-definable subset of the structure is
defined by a unique formula in the list. We study the connections among E(l)—, d— E?—, and Eg—classiﬁcations
in the context of two families of structures: unbounded computable equivalence structures and unbounded
computable injection structures. This is joint work with Simona Boyadzhiyska, Abigail Raz, Rebecca Scanlon,
John Wallbaum, and Xueyin Zhang. (Received September 21, 2018)

1145-03-1399 Tyler A. Brown* (tab5357Qiastate.edu), Department of Mathematics, Iowa State
University, Ames, IA 50011-2104, and Timothy H. McNicholl (mcnichol@iastate.edu).
On the Degrees of Categoricity of Semi-Atomic LP Spaces.
In 2015, T. McNicholl proved that the purely atomic LP spaces with finitely many atoms are computably
categorical when p > 1 is computable and that the degree of categoricity of purely atomic LP spaces with infinitely
many atoms is 0’ whenever p > 1, p # 2 is a computable real. Thereafter, it was shown by Clanin, McNicholl,
and Stull that the purely non-atomic LP spaces are computably categorical when p > 1 is a computable real. In
this talk we will investigate the semi-atomic LP spaces. For computable p > 1, p # 2 we then illustrate how the
interplay between atomic and non-atomic parts of these spaces increases the degree of categoricity by one jump
when a semi-atomic LP space has finitely and infinitely many atoms. (Received September 21, 2018)

1145-03-1420 Wesley Calvert* (wcalvert@siu.edu), Department of Mathematics, Mail Code 4408,
1245 Lincoln Drive, Southern Illinois University, Carbondale, IL 62901. Random Structures.
Preliminary report.

At least since the use of random graphs by Erdos and Renyi, random structures have been objects of ongoing

interest in mathematics and logic. Zero-one laws and the structure of Fraissé limits are certainly of classical

interest. However, related considerations have given rise to such concerns as pseudofinite structures, the Lovasz

Local Lemma, graphons, Keisler randomizations, algorithmically random structures, and more.

In the present talk we will survey these areas of work and their relations to one another and to other areas
of mathematical logic. (Received September 21, 2018)

1145-03-1431 Victor W. Marek*, marek@cs.uky.edu. Investigating relationship between Logic
Programming and Recursion Theory - Jeffrey B. Remmel contributions.

We discuss contributions of J.B. Remmel and his collaborators to the investigations of relationship between Logic

Programming and Recursion Theory. Specifically, we will discuss the basic complexity result for so-called stable

models of (predicate) logic programs, complexity results for the index sets of various classes of predicate logic

programs, properties of so-called Gelfond-Lifschitz operator, and the algorithm for computation of the stable

models of propositional logic programs. (Received September 21, 2018)

1145-03-1434 Mojtaba Moniri* (mojtaba.moniri@normandale.edu). Addition with or without
multiplication: algorithms, mazimality, and near-linearity.

We first mention two algorithms for a certain sequence of nonnegative integers, one which calculates in (Z,+) in

conjunction with the counting operator # and the exponential substitution, and applies to any positive integer

input. The other algorithm calculates in (Z, 4+, -), and is more efficient when the input is a power of 2.

Next, let F' be an ordered field, D a maximal discrete subring of F', and G a maximal discrete additive subgroup

of F. We point out that although there are examples where F' has elements of infinite distance to D, it can

never realize any gaps of G. For countable F', the subgroup G can be constructed Ag relative to F'.

Finally we consider some nonstandard models M of weak arithmetic which have Z as an additive direct summand.

We present functions f,g : M — M whose value at a sum minus sum of values is always 0 or 1 yet for some

z,y,u,v € M2, f(xy) < xf(y) and g(uv) > ug(v) +u — 1. (Received September 21, 2018)

1145-03-1452 Artem Chernikov* (chernikov@math.ucla.edu). Model theory and hypergraph regularity.
I will give a survey of some recent interactions between model theory and the study of various pseudo-randomness
phenomena for restricted families of hypergraphs. (Received September 22, 2018)
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1145-03-1474 Caroline Terry*, Department of Mathematics, The University of Chicago, 5734 S.
University Avenue, Chicago, IL 60637, and Julia Wolf, Department of Pure Mathematics,
Centre for Mathematics Sciences, Wilberforce Road, Cambridge, CB3 OWB, United
Kingdom. A stable arithmetic reqularity lemma in finite abelian groups.
The arithmetic regularity lemma for Fy (first proved by Green in 2005) states that given A C 7, there exists
H <Fy of bounded index such that A is Fourier-uniform with respect to almost all cosets of H. In general, the
growth of the index of H is required to be of tower type depending on the degree of uniformity, and must also
allow for a small number of non-uniform elements. Previously, in joint work with Wolf, we showed that under
a natural stability theoretic assumption, the bad bounds and non-uniform elements are not necessary. In this
talk, we present results extending these results to stable subsets of arbitrary finite abelian groups. This is joint
work with Julia Wolf. (Received September 22, 2018)

1145-03-1492 Philipp C K Hieronymi* (phierony@illinois.edu), 1409 W Green Street, Urbana, IL
61821. Decidability, Diophantine Approximation and Ostrowski numeration systems.

It has long been known that the theory of the expansion (R, <, +,Z) of the ordered additive group of real num-
bers by the set of integers is decidable. Arguably due to Skolem, the result can be deduced easily from Buechi’s
theorem on the decidability of monadic second order theory of one successor, and was later rediscovered inde-
pendently by Weispfenning and Miller. However, a consequence of Goedel’s incompleteness theorem states that
when expanding this structure by a symbol for multiplication, the theory of the resulting structure (R, <, +, -, Z)
becomes undecidable. This observation gives rise to the following question: How many traces of multiplication
can be added to (R, <, +,Z) without making the theory undecidable? For b € R, let f : R — R be the function
that takes x to bz. Then the theory of (R, <,+,Z, fp) is decidable if and only if b is quadratic. The proof rests
on the observation that many of the Diophantine properties (in the sense of Diophantine approximation) of b
can be coded in these structures. In particular, the Ostrowski numeration system based on b is definable in this
structure. (Received September 22, 2018)

1145-03-1528 Jana Marikova* (j-marikova@wiu.edu). Valuations and o-minimality.
O-minimality provides a common framework for many topologically well-behaved structures, the prototypical
example being the semialgebraic sets. Valuations have been quite useful in establishing the o-minimality of
certain structures (such as the real exponential field) as well as in determining properties of definable sets within
the framework of o-minimality (measures, preparation theorems). On the other hand, an o-minimal structure
together with a convex subring (and hence a valuation) yields a generalization of o-minimality which is interesting
in its own right.

‘We shall discuss the relationship between valuations and o-minimal structures as well as more recent results
and open questions about valuational weakly o-minimal structures. (Received September 22, 2018)

1145-03-1575 Julia Knight, Dan Turetsky and Rose Weisshaar* (rweisshaar11@gmail.com).
Countable w-models of KP and paths through computable w-branching trees. Preliminary
report.

It is well known that the H(l) class Cpa C 2% of completions of Peano arithmetic is universal among nonempty

H(lj subsets of Cantor space. When we consider H? subsets of Baire space, however, there is no such universal

example. In this talk, we consider a 1_[(1J class Ckp C w® whose elements compute the complete diagrams of

countable w-models of Kripke-Platek set theory (KP). We develop an analogy between how elements of Cpa
and Cx p try to compute members of nonempty H? subsets of Cantor space and Baire space, respectively, and
we examine how this analogy breaks down. This is joint work with Julia Knight and Dan Turetsky. (Received

September 23, 2018)

1145-03-1607 Valentina Harizanov*, Department of Mathematics, Washington, DC 20052. Effectively
categorical structures.

Since we are interested in transferring computability-theoretic properties of structures, we investigate computable
isomorphisms. A computable structure is computably categorical if for every computable isomorphic copy of
the structure there is a computable isomorphism. Remmel characterized computably categorical linear orderings
and Boolean algebras. The same characterization was obtained independently by Dzgoev and Goncharov. For
these structures, computable categoricity corresponds to the existence of computably enumerable Scott family
of existential formulas. Surprisingly, this is not always the case. Goncharov provided the first example where
this correspondence of computability and definability does not exist. We will present some new examples of such
structures. We will also discuss structures categorical at higher levels of arithmetical hierarchy and their degrees
of categoricity. (Received September 23, 2018)
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1145-03-1661 Florian Pop* (pop@math.upenn.edu). On the strong elementary equivalence vs
Isomorphism problem.

The problem under discussion here is arguably the main open problem in the first-order theory of finitely
generated fields, and asks whether every such field K can be characterized by a single sentence (i.e., axiom) in
the language of fields in the class of all finitely generated fields. The answer is obviously ”yes” for finite fields,
true but not obvious for global fields (proved by Rumely, building on results by Julia Robinson), true but even
more difficult for function fields of curves over global fields... The aim of the talk is to comment on the higher
dimensional cases, in particular to present a solution to the general problem in characteristic zero. (Received
September 23, 2018)

1145-03-1663 Daniel M Roy* (droy@utstat.toronto.edu), Cameron E. Freer, Jeremy Avigad,
Nathanael L. Ackerman and Jason M. Rute. Algorithmic barriers to representing
conditional independence in sequences and arrays.

We begin by formalizing a computational representation of conditional independence. In this terms, Freer and

Roy (2012) shows that the conditional independence underlying exchangeable sequences is computable. Where

it is efficiently computable is an open problem. We study exchangeable arrays, investigating the relative com-

putability of exchangeable binary relational data when presented in terms of the distribution of an invariant
measure on graphs, or as a graphon in either L1 or the cut distance. We establish basic computable equiva-
lences, and show that L1 representations contain fundamentally more computable information than the other
representations, but that 0’ suffices to move between computable such representations. We show that 0’ is
necessary in general, but that in the case of random-free graphons, no oracle is necessary. We also provide an
example of an L1-computable random-free graphon that is not weakly isomorphic to any graphon with an a.e.
continuous version. (Received September 23, 2018)

1145-03-1671 Barbara F Csima*, Department of Pure Mathematics, Waterloo, Ontario N2L 3G1,
Canada, and Nancy A Day and Matthew Harrison-Trainor. Which Classes of
Structures Are Both Pseudo-elementary and Definable by an Infinitary Sentence?
When classes of structures are not first-order definable, we might still try to find a nice description. There are
two common ways for doing this. One is to expand the language, leading to notions of pseudo-elementary classes,
and the other is to allow infinite conjuncts and disjuncts. We examine the intersection. Namely, we address the
question: Which classes of structures are both pseudo-elementary and Ly, .-elementary? We find that these are
exactly the classes that can be defined by an infinitary formula that has no infinitary disjunctions. (Received
September 23, 2018)

1145-03-1676 Laurent Bienvenu and Barbara F Csima*, Department of Pure Mathematics,
University of Waterloo, Waterloo, Ontario N2L 3G1, Canada, and Matthew
Harrison-Trainor. Optimal bounds for single-source Kolmogorov extractors.

The rate of randomness (or dimension) of a string o is the ratio C(c)/|o| where C(o) is the Kolmogorov com-

plexity of . While it is known that a single computable transformation cannot increase the rate of randomness

of all sequences, Fortnow, Hitchcock, Pavan, Vinodchandran, and Wang showed that for any 0 < a < 8 < 1,

there are a finite number of computable transformations such that any string of rate at least « is turned into

a string of rate at least 8 by one of these transformations. However, their proof only gives very loose bounds

on the correspondence between the number of transformations and the increase of rate of randomness one can

achieve. By translating this problem to combinatorics on (hyper)graphs, we provide a tight bound, namely:

Using k transformations, one can get an increase from rate a to any rate 8 < ka/(1 + (k — 1)a), and this is

optimal. (Received September 23, 2018)

1145-03-1680 Valentina Harizanov*, Department of Mathematics, Washington, DC 20052. Effective
ultraproducts and applications.

We use an effective analogue of the ultraproduct construction. We start with the product of a uniformly
computable sequence of computable structures indexed by the set of natural numbers. The equality of elements,
which are partial computable functions, and satisfaction of formulas are defined modulo an infinite set, which is
cohesive, that is, indecomposable with respect to computably enumerable sets. We investigate which definable
properties transfer from structures to their cohesive products. We are especially interested in the case when the
cohesive set is the complement of a computably enumerable set. Such computably enumerable sets are called
maximal sets in computability theory. We then study the isomorphism types of cohesive powers of the field of
rational numbers and other structures. These cohesive powers of fields have been used in the characterization
of certain filters in a vector space lattice of importance in computable model theory. Cohesive powers were
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introduced in modern computable model theory by Rumen Dimitrov. Previously, a number of authors considered
related constructions in the context of nonstandard models of fragments of arithmetic. (Received September
23, 2018)

1145-03-1700 Xizhong Zheng* (zhengxQarcadia.edu), Department of Computer Science and
Mathematic, Arcadia University, 450 S. Easton Road, Glenside, PA 19038. Weak
Computabilities of Real Numbers and Relative Randomness.
A real x is computable if it is the limit of an effectively convergent computable sequence of rationals. If the effective
convergence is replaced by weaker conditions, various weak computabilities can be introduced. For example, if
the convergence is weakly effectively, then the limit is d.c.e.; if the convergence is divergence bounded, then the
limit is d.b.c. The weak computabilities are closely related to relative randomnesses described by the Solovay
reduction. The Solovay reduction originally defined only for the c.e. reals can be extended as follows. (A).
T §}5~ y if there are two computable sequences (zs) and (ys) of rational numbers which converge to z and y,
respectively, such that |z — @s| < ¢(|ly —ys| +27%) for some constant ¢ and for all s. (B). z <% y if there are two
computable sequences (zs) and (ys) of rational numbers which converge to x and y, respectively, and there is a
computable function h such that |y — ys| < 27" — |z — 25| < 27" for all s and n. We will show that, the
c.e. random reals are S}S—complete and S%—complete for the classes of d.c.e. reals and d.b.c. reals, respectively.
(Received September 24, 2018)

1145-03-1703 Jan Reimann* (jan.reimann@psu.edu), Department of Mathematics, Pennsylvania State
University, University Park, PA 16802. Hausdorff dimension and randomness for
continuous measures.

The connection between supporting a non-atomic probability measure and the Hausdorff dimension of a set

is a fundamental tool in geometric measure theory. It is also helpful in the study of algorithmic randomness.

An effective version of Frostman’s Lemma states that if a real has positive effective Hausdorff dimension, it is

Martin-Lof random with respect to a continuous probability measure. In this talk, we present some new results

on the connection between Hausdorff measures and randomness for continuous measures. In particular, we will

use iterates of the dissipation function of a continuous measure on Cantor space to define a family of generalized

Hausdorff measures. These measures can in turn be used to construct examples of NCR reals (i.e., reals not

random with respect to any continuous probability measure) in a wide array of hyperarithmetic Turing degrees.

This is joint work with Mingyang Li (Penn State). (Received September 24, 2018)

1145-03-1712 David J. Webb*, dwebb@math.hawaii.edu. On Several New Notions of Algorithmic
Dimension. Preliminary report.

Following the work of Freer and Kjos-Hanssen on complex packing dimension, we investigate a new notion of
inescapable dimension, obtained by modifying effective packing dimension to consider all infinite computable
sets in place of all intervals [n,00). It is shown that while the inescapable and complex packing dimensions
are both bounded above and below by the effective packing and Hausdorff dimensions, respectively, these two
newer notions are incomparable. We also examine two families of dimension obtained from all infinite sets (co-
Jenumerable in an oracle, and demonstrate that in both cases an oracle A is Turing reducible to another oracle
B if and only if the dimension induced by A is dominated by the dimension induced by B for all strings X € 2«.
(Received September 24, 2018)

1145-03-1818 Natasha Dobrinen* (natasha.dobrinen@du.edu), University of Denver, Department of
Mathematics, C.M. Knudson Hall 300, Denver, CO 80208. Ramsey theory of the Henson
graphs.

A central question in the theory of homogeneous relational structures asks which structures have finite big

Ramsey degrees. An infinite structure S is homogeneous if any isomorphism between two finitely generated

substructures of S can be extended to an automorphism of S. S has finite big Ramsey degrees if for each finite

substructure A of S, there is a number n(A) such that any coloring of the copies of A in S, can be reduced down
to no more than n colors on some substructure S’ isomorphic to S. A main obstacle to a fuller development
of this research area has been the lack of techniques and methods. In this talk, we present new work proving
that all Henson graphs Hj, the k-clique-free universal homogeneous graphs for £ > 3, have finite big Ramsey
degrees. Our proof provides a streamlined and unified approach to the Ramsey theory of Henson graphs, likely
to extend to a large class of homogeneous structures with forbidden configurations. Central to the proof is the
method of forcing, used to obtain a Ramsey theorem in ZFC for trees coding copies of Hj, building on ideas of
Harrington. (Received September 24, 2018)
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1145-03-1879 Danul K Gunatilleka* (danulg@math.umd.edu). Baldwin-Shi hypergraphs in infinite
languages.

We extend the study of theories of Baldwin-Shi hypergraphs to the case where we have a countably infinite

language L. We begin by establishing a link between the Baldwin-Shi hypergraph for L and its Lo reduct where

Lo C L is finite. We use this link to obtain stability and and certain amalgamation properties satisfied by

the Baldwin-Shi hypergraphs. We further explore their atomic models, countable models and regular types.

(Received September 24, 2018)

1145-03-2017 Takayuki Kihara and Arno Pauly* (a.m.pauly@swansea.ac.uk). A Turing ideal with
positive outer measure. Preliminary report.

We present a construction of a non-trivial Turing ideal Z such that for every oracle p, there exists some ¢ € 7

which is random relative to p; equivalently, such that Z has positive outer Lebesgue measure. That Z is non-

trivial is witnessed by @’ ¢ Z. Our construction makes some mild assumptions about cardinal invariants of the

continuum, which are independent of ZFC but follow from CH or MA.

A non-trivial Turing ideal with positive outer measure is the ultimate object that is not small in the sense
of measure or dimension, that is closed under nice operations, and yet is not the whole. For example, we
immediately obtain a proper subfield of the reals of positive outer measure, which is nonetheless algebraically
closed, closed under the exponential function, every other computable operation, and even more so, closed under
a set of operations with positive outer Wiener measure. (Received September 24, 2018)

1145-03-2198 Linda Brown Westrick* (1zw299@psu.edu). Sofic subshifts and completely positive
topological entropy. Preliminary report.

A Turing-complete computation framework arises naturally in the setting of multidimensional shifts of finite
type (SFTs). Recently Barbieri and Garcia-Ramos have described an wi-length hierarchy structure among the
dynamical systems of completely positive topological entropy (CPTE). They constructed a three-dimensional
SEFT with rank 3 in that hierarchy, and asked whether there was a two-dimensional rank 3 SFT. We construct,
for each computable ordinal «, a two-dimensional sofic shift of CPTE rank «, and show the property of CPTE
is H%—complete in the class of two-dimensional sofic shifts. We also discuss the question of improving ”sofic” to
”SFT”. All the terms from symbolic dynamics will be explained in the talk. (Received September 25, 2018)

1145-03-2206 Barbara Csima, Damir Dzhafarov, Denis Hirschfeldt, Carl G. Jockusch, Reed
Solomon and Linda Brown Westrick* (1zw299@psu.edu). Computability and
Hindman’s Theorem for bounded sums.

Hindman’s Theorem states that for every coloring of N by finitely many colors, there is an infinite subset

H C N such that all non-empty finite sums of distinct elements of H have the same color. One can weaken the

conclusion of the theorem by requiring only that all non-empty sums of up to k£ distinct elements of H have the

same color, but all known proofs of this weaker fact are also proofs of Hindman’s Theorem. We analyze the

computability-theoretic aspects of bounded versions of Hindman’s Theorem. (Received September 25, 2018)

1145-03-2389 C Chang*, 555 Broadway, Dobbs Ferry, NY 10522, and S Gao. Relative complezities of
various homeomorphic equivalent relations on closed subsets of [0,1]™. Preliminary report.
We show that the homeomorphic equivalent relation on the closed subsets of [0,1]™, for n > 2, does not admit
classification by countable structures. In particular, we show by construction that a turbulence action is Borel
reducible to the homeomorphic relation on the closed subsets of [0,1]2. (Received September 25, 2018)

1145-03-2420 Nguyet N Nguyen*, Department of Mathematics and Statistics, Youngstown State
University, 1 University Plaza, Youngstown, OH 44555, and Isaac Adjetey. Modeling and
Pricing Weather Derivatives. Preliminary report.

Weather derivatives are financial instruments that corporations, especially energy and utility companies, use to

hedge against risks due to adverse and unpredictable weather. In this talk, we will introduce the financial tools

and some models for pricing the weather derivatives whose underlying asset depends on the heading or cooling

temperatures. We then implement a model to predict the average temperatures and use the predicted underlying

asset to estimate the prices of a corresponding weather option. (Received September 25, 2018)

1145-03-2435 Nguyet N Nguyen*, Department of Mathematics and Statistics, Youngstown State
University, 1 University Plaza, Youngstown, OH 44555. Machine-Learning Hidden Markov
Model for Global Stock Portfolio. Preliminary report.

The Machine-learning hidden Markov model (HMM) is widely used to detect the hidden regimes of observation

data, especially time series. The application of HMM in stock selection and portfolio management is motivated
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by the similarity between the construction of this model and the interpretation of the stock market. In this paper,
we introduce a multi-step procedure for using HMM to select stocks from the global stock market. We show
that HMM outperforms the benchmark global index and the equal weight model, being an efficient approach for
global stock portfolio selections. (Received September 25, 2018)

1145-03-2439 Johanna N.Y. Franklin* (johanna.n.franklin@hofstra.edu), Department of
Mathematics, Room 306, Roosevelt Hall, Hofstra University, Hempstead, NY 11549, and
Timothy H. McNicholl. Lowness for isometric isomorphism.

Lowness for isomorphism, first introduced by Franklin and Solomon in 2014, has recently been extended to

the context of computable Banach spaces; here it is called lowness for isometric isomorphism. In this talk, we

characterize the degrees that are low for ¢5 & LP[0, 1]-isometric isomorphism for a computable real p > 1 not

equal to 2. (Received September 25, 2018)

1145-03-2447 Johanna N.Y. Franklin* (johanna.n.franklin@hofstra.edu), Department of
Mathematics, Room 306, Roosevelt Hall, Hofstra University, Hempstead, NY 11549, and
Russell Miller. Measure and randomness for algebraic structures.

R. Miller has recently introduced a method for defining an effective measure on the spaces of the isomorphism

types of computable algebraic structures such as algebraically closed fields and finitely branching trees. This

gives us a new way to discuss the frequency of certain properties of computable structures, including computable

categoricity.

In fact, we can ask whether there is a type of randomness that will guarantee P for any measure-one property

P. In the case of algebraically closed fields of characteristic 0, we have shown that Schnorr randomness is enough

to guarantee uniform computable categoricity. I will present this result as well as some comments on finitely

branching trees. (Received September 25, 2018)

1145-03-2599 Neil Lutz*, Dept. of Computer and Information Science, University of Pennsylvania, 3330
Walnut Street, Philadelphia, PA 19104. Algorithmic Dimensions of Projected Points.

To what extent are fractal dimensions preserved by projection mappings? In this talk, we will consider an

effective and pointwise version of this question in the Euclidean plane. I will describe recent progress on this

question and show how it has yielded new results about the classical Hausdorff dimension of projected sets,

including new extensions to Marstrand’s projection theorem. (Received September 25, 2018)

1145-03-2704 Anil Nerode* (an17@cornell.edu), 545 Malott Hall, Cornell University, Ithaca, NY
14850. Reminiscences of Jeff Remmel.

I will summarize our long history of collaborations. They stretch from his days as my Ph. D. student in the
early 1970’s to his death in 2017. We collaborated first in the theory of Dekker’s isols, then in determining
the computable content of various algebraic constructions (now partially subsumed into Friedman’s reverse
mathematics), then with Victor Marek in the theory non-monotonic logics, finally with Wolf Kohn in hybrid
systems and their potential commercial applications (an area now widely pursued in engineering and computer
science under a variety of names.) (Received September 25, 2018)

1145-03-2823 Joachim Mueller-Theys* (mueller-theysQgmx.de). On the Induction Problem.
Preliminary report.
Pure empiricism fails for o := Vz ¢(x) (e. g. “all men are mortal”) if parts of the structure M considered are
inaccessible, whether by place, time, number, or in an other way. Then M = o simply has no such solution.
This calls for the other way of recognition: deduction: If evident, entailing axioms X can be detected, ideally
M E ¥ and ¥ + o, then M [ o, as desired. Though ostensibly mysterious, it can be that axioms are
immediately discernible, whereas consequences are not.
However, the axiomatic method requires conceptual determination: If mortal is universal (to human), “Fosca”
(or “MacLeod”) was not human; if mortal is not universal, “Fosca” might be human.
(Received September 25, 2018)

1145-03-3011 Ermek Nurkhaidarov* (esni@psu.edu). On Generic Automorphisms.

In this talk we discuss generic automorphisms of countable models. [?] introduces the notion of generic automor-
phism and it is used to show the small index property. Truss [?] defines another notion of generic automorphism.
We study the relationship between these two types of generic automorphisms. [1] Hodges W., Hodkinson I., Las-
car D., and Shelah, S., The small index property for !-stable !-categorical structures and for the random graph,
Journal of the London Mathematical Society, vol. 48, no. 2 (1993), pp. 204-218. [2] Truss, J.K., Generic
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automorphisms of homogeneous structures, Proceedings of the London Mathematical Society, vol. 64 (1992),
pp. 121-141. (Received September 26, 2018)
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1145-05-62 Stephen Melczer (smelczer@gmail.com), 209 South 33rd Street, Philadelphia, PA 19104,
Greta Panova (greta.panova@gmail.com), 209 South 33rd Street, Philadelphia, PA 19104,
and Robin Pemantle* (pemantle@math.upenn.edu), 209 South 33rd Street, Philadelphia,
PA 19104. Counting partitions inside a rectangle.

We find an asymptotic formula for the number of partitions of n whose Young diagrams fit inside an m by

I rectangle, equivalently, the coefficients of the g-binomial coefficient m+I1 choose m. Our formula is valid

throughout the regime where 1, m and sqrtn are all comparable. Previously, sharp asymptotics were derived by

Takacs (1986), only in the Central Limit regime, where n is within order m of I m / 2. Our approach is to solve a

large deviation problem. We describe the tilted measure that produces configurations whose bounding rectangle

has the given aspect ratio and is filled to the given proportion. Our results are sufficiently sharp also to yield

the first asymptotic estimates on the consecutive differences of these numbers when n is increased by one and m

and | remain the same, hence significantly refining Sylvester’s unimodality theorem. (Received July 17, 2018)

1145-05-78 Grant I. Fickes and Dylan P. Green*, TNU Department of Science and Mathematics,
333 Murfreesboro Pike, Nashville, TN 37210, and Karen B. McCready, Kathleen M.
Ryan, Nathaniel J. Sauerberg and Jill K. Stifano. Mazimum proper diameter of
2-connected graphs. Preliminary report.
A properly colored path is a path in which no two consecutive edges have the same color. A properly connected
coloring of a graph is one in which there exists a properly colored path between every pair of vertices. Given
a graph G with a properly connected coloring, the proper distance between any two vertices is the length of
a shortest properly colored path between them. Furthermore, the proper diameter of G is the largest proper
distance between any pair of vertices in G. Since the proper diameter of G is a function of its coloring, we
can refer to the maximum proper diameter of G, that is, the maximum value of the proper diameter across all
properly connected colorings of G.

If G has n vertices, a natural upper bound for its maximum proper diameter is n — 1 but this value is not
attainable for all graphs, such as graphs without a Hamiltonian path. We introduce a new family of graphs,
Trn graphs, and we show that a 2-connected graph on n vertices with a properly connected 2-coloring has a
maximum proper diameter of n — 1 if and only if the graph is a 7, graph. (Received July 23, 2018)

1145-05-91 Hayley Boynton, Ethan Burroughs* (erb81340g.rit.edu) and Stephanie Gaston.
On the Classification of Graphs Based on Their Rank Numbers.

A k-ranking of a graph G is a function f : V(G) — {1,2,...,k} such that if f(u) = f(v) then every uv simple
path contains a vertex w such that f(w) > f(u). The rank number of G, denoted x,(G), is the minimum & such
that a k-ranking exists for G. Rank number is a variant of graph colorings. It is known that given a graph G and
a positive integer ¢ the question of whether x,(G) < t is NP-complete. In this paper we completely characterize
n-vertex graphs whose rank number is equal to n — 1 or n — 2. Also, we establish rank numbers of some dense
subgraphs of complete graphs, some dense subgraphs of complete bipartite graphs, and complements of trees. In
addition, we completely characterize the rank number of a subdivided star graphs and establish the rank number
of all trees that contain a complete binary tree of the same height. (Received July 27, 2018)

1145-05-94 Melanie Ferreri* (fermj15Q@ufu.edu) and Jacob Liddy (liddyjacob@gmail.com).
Ramsey Problems for Cycles versus Ks.

For graphs F', G, and H, if all red-blue edge colorings of F' contain either red G or blue H as a subgraph, then we
write F' — (G, H). The Ramsey number for graphs G and H, denoted R(G, H), is the smallest integer s such that
Ks — (G, H). It is known that R(Chp, K5) = 4n — 3 for n > 5. We prove that for all n > 5, any graph on 4n — 4
vertices which does not contain C), or an independent set of order 5 contains 4K, 1, and thus we characterize
all Ramsey-critical graphs for Cy, versus K5. The graph Ks_1 L K1 ¢ is constructed by adding a vertex to Ks_1
and joining it to t of its vertices. The star-critical Ramsey number 7« (G, H) is defined as the minimum ¢ such
that Ks_1 UKy, — (G, H), where s = R(G, H). Values of 74(Ch, K;,) are known for m € {3,4}. In this work,
we extend this to m = 5 and some cases for m = 6, and we present computational proofs of small cases and a
computer-free proof of the general result for n > 8 and m = 5. We also compile a survey of known star-critical
Ramsey numbers involving simple graphs such as cycles, paths, and fans. (Received July 28, 2018)
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1145-05-103 Amin Bahmanian* (mbahman@ilstu.edu), Illinois State University, Campus Box 4520,
Normal, IL 61790-4520. Embedding Partial Latin Cubes. Preliminary report.

A latin square of order n is an n X n array filled with n different symbols, each occurring exactly once in each row
and exactly once in each column. There is celebrated result due to Ryser (1951) that a partial latin square A of
order n in which cell (4, 7) is filled if and only if ¢+ < r and j < s can be completed if and only if N(i) > r+s—n
for ¢ € [n], where N(i) denotes the number of elements of A that are equal to i. A latin cube of order n is a
3-dimensional array of n3 cells so that each layer contains exactly one of 1,2,...,n? (A layer is obtained by fixing
one coordinate). In this talk, we provide a 3-dimensional analogue of Ryser’s theorem, and we also obtain partial
results for higher dimensions. Our results are closely related to completing partial factorizations of multipartite
hypergraphs. (Received July 29, 2018)

1145-05-109 Alejandra Brewer* (breweralie@gmail.com), Florida Southern College, Mathematics,
111 Lake Hollingsworth Drive, Polk Science Building, Lakeland, FL 33801, Adam Gregory
(adgregoryl@catamount.wcu.edu), Western Carolina University, College of Arts & Sciences,
Stillwell 426, Cullowhee, NC 28723, and Quindel Jones (quindel.d.jones@gmail.com),
Department of Mathematics, Jackson State University, P. O. Box 17610, Jackson, MS, MS
39217. The Asymmetric Index of a Graph and Families of Asymmetric Graphs.

A graph is asymmetric if it has a trivial automorphism group. Asymmetric graphs were first studied by Erdds and

Rényi in 1963. We define the asymmetric index of a graph, denoted ai(G), to be the minimum of r+ s so that the

resulting graph is asymmetric, where r is the number of edges removed from a graph and s is the number of edges

added to a graph. We show that when n > 8, ai(Pn) = 1, ai(Cr) = 2, ai(C)241(1,n)) = 2, ai(Ky 1) = 2n—-9,
ai(Pp +tP1) =t, ai(Cn +tP1) =t + 1, ai(Cp24,(1,n) + tP1) =t + 1, and L67”J <ai(Kn)<n-—2.

Erdés and Rényi also posed the question of finding the number of asymmetric trees. We give a partial result,
showing that the number of asymmetric subdivided stars is approximately g(n — 1) — L"Tflj where ¢(n) yields
the number of ways to sum to n using distinct positive integers, found by Hardy and Ramanujan in 1918.

In addition, we investigate k-regular asymmetric Hamiltonian graphs and determine infinite families for k = 3
and k = 4. Furthermore, we show the existence of k-regular asymmetric Hamiltonian graphs for each k > 6.
(Received September 26, 2018)

1145-05-127 Jacob Liddy* (1iddyjacob@gmail.com), Department of Mathematics, Buchtel College of
Arts and Sciences, The University of Akron, Akron, OH 44325-4002, and Jeffrey M.
Riedl (riedl@uakron.edu), Department of Mathematics, Buchtel College of Arts and
Sciences, The University of Akron, Akron, OH 44325-4002. Generating All Odd Primitive
Abundant Numbers with d Prime Divisors.
For an integer n, if the sum of the proper divisors of n equals or exceeds n, then we say that n is an abundant
number. An abundant number is said to be primitive if none of its proper divisors are abundant. An abundant
number must have at least one primitive abundant divisor. In 1913, Dickson proved that for an arbitrary positive
integer d there exists only finitely many odd primitive abundant numbers having exactly d distinct prime divisors.
In 2017, all odd primitive abundant numbers with up to 5 distinct prime divisors have been found by Dic¢iunas.
In this paper, we describe a fast algorithm that finds all odd primitive abundant numbers with d distinct prime
divisors. We use this algorithm to find all odd primitive abundant numbers with 6 distinct prime divisors. An
abundant number n is said to be weird if no subset of the proper divisors of n sums to n. We use our algorithm
to show that an odd weird number must have at least 6 prime divisors. (Received August 06, 2018)

1145-05-168 Stephanie van Willigenburg* (steph@math.ubc.ca), Department of Mathematics,
University of British Columbia, 1984 Mathematics Road, Vancouver, BC V6T 1Z2, Canada.
The shuffle conjecture.

This talk assumes no prior knowledge, and will be accessible to undergraduates.

Walks in the plane taking unit-length steps north and east from (0,0) to (n,n) never dropping below x = y,
and parking cars subject to preferences, are two intriguing ingredients in a formula conjectured in 2005, now
famously known as the shuffle conjecture.

Here we describe the combinatorial tools needed to state the conjecture. We also give key parts and people in
its history, including its eventual algebraic solution by Carlsson and Mellit, which was published in the Journal
of the American Mathematical Society in 2018. Finally, we conclude with some remaining open problems.
(Received August 14, 2018)
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1145-05-170 Acadia Larsen* (acadia.larsen0l@utrgv.edu). A Generalization of Partition Identities
for First Differences of Partitions of n Into at most m Parts.

‘We show for a prime power number of parts m that the first differences of partitions into at most m parts can be
expressed as a non-negative linear combination of partitions into at most m — 1 parts. To show this relationship,
we combine a quasipolynomial construction of p(n, m) with a new partition identity for a finite number of parts.
We prove these results by providing combinatorial interpretations of the quasipolynomial of p(n,m) and the new
partition identity. We extend these results by establishing conditions for when partitions of n with parts coming
from a finite set A can be expressed as a non-negative linear combination of partitions with parts coming from
a finite set B. (Received September 04, 2018)

1145-05-188 Stephen Melczer* (smelczer@sas.upenn.edu). Asymptotic regime change for
multivariate generating functions.
The study of multivariate generating functions comprises the domain of Analytic Combinatorics in Several
Variables (ACSV). Analogously to the univariate case, the techniques of ACSV show how the singularities of a
(typically rational) multivariate generating function dictate asymptotics of its coefficients. Unlike the univariate
case, however, a multivariate generating function encodes a wealth of sequences. In particular, one can fix
a direction vector r = (r1,...,74) € Rio and examine asymptotics of the coefficient sequence fnry,... ,nr, as
n approaches infinity. Although this definition is a priori only non-trivial when r contains rational entries,
the techniques of ACSV show asymptotics typically vary in a uniformly predictable way as r varies smoothly,
meaning asymptotics can be defined in a limit sense for “generic” directions r € Rio. In this talk we discuss the
first uniform study of non-generic directions, around which asymptotics sharply transition, and study how this
transition between different regimes occurs.
Joint work with Yuliy Baryshnikov and Robin Pemantle. (Received August 17, 2018)

1145-05-218 Justin Allman* (allman@usna.edu). Generalization of combinatorial partition identities
via topology and geometry.

The Durfee square identity (and generalizations) gives an effective way, going back to at least Cauchy, to count

the number of partitions of an integer. When encoded in terms of generating functions, this identity has

remarkable connections to the equivariant geometry of degeneracy loci by counting Betti numbers for group

orbits in quiver representation spaces. We will describe this connection and further generalizations to the theory

of Donaldson-Thomas invariants and quantum dilogarithm series. (Received August 20, 2018)

1145-05-226 Nathan T. Moyer* (nmoyer@whitworth.edu), Whitworth University, Math and Computer
Science Dept., 300 W. Hawthorne Rd., Spokane, WA 99251. A Walk Counting
Combinatorial Identity for Recurrence Sequences.
The beautiful and simple Fibonacci identity fn = > < (";k) can be generalized to relate any recurrence
relation of the form a,, = pan—1-+qgan—2 with arbitrary initial conditions to a sum involving binomial coefficients.
This talk will introduce and prove this generalized identity by using a method that views the sequence’s generating
matrix as an adjacency matrix for a graph. By counting the number of closed walks of fixed length on this graph,
one can demonstrate a correspondence that yields the generalized identity for the sequence a,. (Received
August 24, 2018)

1145-05-258 Darren Narayan* (dansma@rit.edu), School of Mathematical Sciences, Rochester
Institute of Technnology, Rochester, NY 14623, Alejandra Brewer
(breweralie@gmail.com), Mathematics Department, Florida Southern College, 111 Lake
Hollingsworth Drive, Lakeland, FL 33801, Adam Gregory
(agregoryl@catamount .wcu.edu), Mathematics and Computer Science Department,
Western Carolina University, Cullowhee, NC 28723, and Quindel Jones
(quindel.d. jones@gmail.com), Dept. of Mathematics & Statistical Sciences, 1400 John R.
Lynch Street, Jackson State University, Jackson, MS 39217. The Asymmetric Indez of a
Graph.

A graph G is asymmetric if its automorphism group of vertices is trivial. Asymmetric graphs were introduced by
Erdds and Rényi in 1963 where they measured the degree of asymmetry of an asymmetric graph. They proved
that any asymmetric graph can be made non-asymmetric by removing some number $r$ of edges and/or adding
adding some number s of edges, and defined the degree of asymmetry of a graph to be the minimum value
of r + s. In this paper, we define another property that how close a given non-asymmetric graph is to being
asymmetric. We define the asymmetric index of a graph G, denoted ai(G), to be the minimum of r 4+ s in order
to change G into an asymmetric graph.
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We investigate the asymmetric index of both connected and disconnected graphs and present new results:
ai(Pn) = 1; ai(Cp) = 2; ai(Wn) = 2; forn > 6, | 251 | < ai(K1n1) <n—3;forn>8, 2| <ai(K,) <n—2
for all 7,8 > 2; ai (P, x Ps) = 1; for r > 2,5 > 3; ai (Pr X Cs) = 2; and for r,s > 10, ai (Cr x Cs) = 3.

(Received August 26, 2018)

1145-05-270 Kevin K Ferland* (kferland@bloomu.edu), Mathematical and Digital Sciences,
Bloomsburg University of PA, Bloomsburg, PA 17815. Advancing Results in Mazimum
Toughness.
Suppose a graph represents a computer network. The toughness of that graph is then a measure of how well
the network can handle a computer-disabling attack seeking to maximize the ratio of resultant components
left behind to disabled computers. Thus, given n computers and m cables with which to directly connect
pairs of computers, it is preferable to build the toughest possible network. That is, we are interested in the
maximum toughness among graphs with n vertices and m edges. After formally defining the graph vulnerability
parameter toughness, we survey the known results on the maximum toughness among graphs. Along with some
new results, several conjectures and open questions are expressed and meant to serve as a call to arms on this
problem. (Received August 27, 2018)

1145-05-271 Gary Gordon and Keith Vreeland* (vreelank@lafayette.edu). Leafiness of Trees.
Preliminary report.

For each subtree S of a given tree T', we compute the ratio of the number of leaves of S to the number of vertices

of S. Using this statistic in a variety of ways, we give several definitions of global and local versions of the leafiness

of a tree. For the global invariants, we are interested in families of trees that maximize or minimize the leafiness.

For a fixed tree, we consider which vertices maximize and minimize the local versions of these invariants. In

particular, we consider the leafiness for the center, centroid, and core of the tree. (Received August 27, 2018)

1145-05-279 Mark E. Kidwell* (mark_peggy@verizon.net), 368 Dewey Drive, Annapolis, MD 21401.
T.S.Michael’s joint work on intrinsically knotted graphs.

In a 2010 paper, T.S.Michael, Brenda Johnson and the speaker proved that any graph with 20 edges or fewer

can be embedded in 3-space so that each cycle in the graph is unknotted. This bound is best possible, since

Conway and Gordon had proved in 1983 that the complete graph K(7), with 21 edges, is unknotted. The proof

makes heavy use of the delta-wye transformation. (Received August 28, 2018)

1145-05-297 Curtis Bennett* (curtis.bennett@csulb.edu), Juan Carrillo, John Machecek and
Bruce E. Sagan. Combinatorial Lattice Path Interpretations of Lucas Analogues.

The Lucas sequence is a sequence of polynomials in s and ¢ defined recursively by {0} = 0, {1}=1, and {n} =
s{n — 1} +t{n — 2} for n > 2. For s =1 and ¢t = 1, {n} is the nth Fibonacci number. Given a quantity which
is expressed in terms of products and quotients of nonnegative integers, we obtain Lucas analogues by replacing
each factor of n in the expression with {n}. Using lattice paths, we give combinatorial interpretations for the
Lucas analogues of the binomial coefficients as well as the Catalan numbers and their relatives, such as those
for finite Coxeter groups. We also give combinatorial proofs of certain Lucas analogue identities. (Received
August 29, 2018)

1145-05-304 Robert Davis* (rdavis@hmc.edu), 320 E. Foothill Blvd., Claremont, CA 91711. Using
Lattice Polytopes to Study Combinatorial Neural Codes.

Combinatorial neural codes are 0/1 vectors that are used to model the co-firing patterns of a set of place cells in
the brain. One wide-open problem in this area is to determine when a given code can be algorithmically drawn
in the plane as a Venn diagram-like figure. A sufficient condition to do so is for the code to have a property
called k-inductively pierced. Gross, Obatake, and Youngs recently used toric algebra to show that a code on
three neurons is 1-inductively pierced if and only if the toric ideal is trivial or generated by quadratics. No result
is known for additional neurons in the same generality.

In this talk, we study two infinite classes of combinatorial neural codes in detail. For each code, we explicitly
compute its universal Grobner basis. This is done for the first class by recognizing that the codewords form a
Lawrence-type matrix. With the second class, this is done by showing that the matrix is totally unimodular.
These computations allow one to compute the state polytopes of the corresponding toric ideals, from which all
distinct initial ideals may be computed efficiently. Moreover, we show that the state polytopes are combinatorially
equivalent to well-known polytopes: the permutohedron and the stellohedron. (Received August 29, 2018)
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1145-05-325 Sally Cockburn* (scockbur@hamilton.edu), 198 College Hill Road, Clinton, NY 13323.
Homomorphic Preimages of Graphs.

A graph G is a homomorphic preimage of another graph H, or equivalently G is H-colorable, if there exists a
graph homomorphism f : G — H. A geometric graph G is a simple graph G together with a straight line drawing
of G in the plane with the vertices in general position. A geometric homomorphism (resp. isomorphism) G — H
is a graph homomorphism (resp. isomorphism) that preserves edge crossings (resp. and non-crossings). The
homomorphism poset G of a graph G is the set of isomorphism classes of geometric realizations of G partially
ordered by the existence of injective geometric homomorphisms. A geometric graph G is H-colorable if G — H
for some H € H. In this talk, I will provide necessary and sufficient conditions for G to be Pp-colorable for
n > 2. (Received August 31, 2018)

1145-05-327 Steven Schluchter* (steven.schluchter@gmail.com), 4400 University Drive, MS 3F2,
Fairfax, VA 22030, and Tyrus Berry (tberry@gmu.edu), 4400 University Drive, MS 3F2,
Fairfax, VA 22030. Applications of topological graph theory to 2-manifold learning.
We show how, given a sufficiently large point cloud sampled from an embedded 2-manifold in R™, we may
obtain a global representation as a cell complex with vertices given by a representative subset of the point
cloud. The vertex spacing is based on obtaining an approximation of the tangent plane which insures that the
vertex accurately summarizes the local data. Using results from topological graph theory, we couple our cell
complex representation with the known Classification of Surfaces in order to classify the manifold. The algorithm
developed gives a meaningful description of the embedding as a piecewise linear structure, which is obtained
from combinatorial data by projecting points in the point cloud into estimates of tangent planes. (Received
September 01, 2018)

1145-05-358 Colin Defant* (cdefant@princeton.edu), Michael Engen and Jordan A Miller.
Lassalle’s Sequence Counts Uniquely Sorted Permutations.
Consider the sequence (Am )y, >1 satisfying A1 =1 and

m—1
A = (D)™ C0m + D (DT (G20 ) A5G
j=1

for m > 2, where Cj, is the n*? Catalan number. Lassalle gave an algebraic proof that the terms in this sequence
are positive and increasing, settling a conjecture of Zeilberger. We show that A is the number of permutations
7 € Sak1 satisfying |s71(m)| = 1, where s is West’s stack-sorting map. This result follows from a more general
bijection between certain weighted set partitions and relatively new combinatorial objects called wvalid hook
configurations. These objects were introduced in order to provide a method, which we will describe, for computing
|s~1(m)| for any permutation 7. We discuss connections between valid hook configurations and cumulants arising
in free probability theory. Finally, let Agy1(¢) denote the number of permutations m = w72 - - - Tap+1 € Sok41
satisfying |s~!(7)| = 1 and 1 = £. We show that the sequence Agy1(1), Ag11(2), ..., Agy1(2k+1) is symmetric,
and we conjecture that it is log-concave. (Received September 03, 2018)

1145-05-359 Joshua Fallon, Kirsten Hogenson* (khogenson@coloradocollege.edu), Lauren
Keough, Mario Lomeli, Marcus Schaefer and Pablo Soberén. On the mazimum
rectilinear crossing number of spiders.

The maximum rectilinear crossing number of a graph G is the maximum number of crossings in a good straight-

line drawing of G in the plane. In a good drawing any two edges intersect in at most one point (counting

endpoints), no three edges have an interior point in common, and edges do not contain vertices in their interior.

A spider is a subdivision of Ky ;. In this talk, I will present both upper and lower bounds for the maximum

rectilinear crossing number of spiders. While there are not many results on the maximum rectilinear crossing

numbers of infinite families of graphs, our methods can be used to find the exact maximum rectilinear crossing
number of K j where each edge is subdivided exactly once. This is a first step toward calculating the maximum

rectilinear crossing number of arbitrary trees. (Received September 03, 2018)

1145-05-387 Jenny Kaufmann* (jennak@princeton.edu) and Maria Chudnovsky. The Structure of
Fork-Free Cy-Free Graphs. Preliminary report.

A claw is the star graph K1,3. A fork is the five-vertex tree with exactly three leaves; i.e. the graph obtained

by adding a pendant edge to a claw. A graph is H-free if it contains no induced subgraphs isomorphic to H. A

hole is a cycle Cp, with n > 3. A graph is called chordal if it is hole-free. This talk will present a set of four

simple operations that can be used to construct fork-free Cy-free graphs out of claw-free C4-free subgraphs. In

particular, we show that a graph G is fork-free and Cy-free if and only if it can be constructed by starting with
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a claw-free C4-free subgraph Gy C G and applying a sequence of these operations. Furthermore, the operations
preserve the number of holes in the graph, and hence G is chordal if and only if Gp is chordal. (Received
September 15, 2018)

1145-05-390 Mojtaba Moniri* (mojtaba.moniri@normandale.edu). Binary subtrees with fewest labeled
paths; simulations and illustrations.

Complete ternary trees T' of depth n > 1 with {0, 1}-labeled edges, and their complete binary subtrees of that
depth which have as few path labels as possible were considered by Downey-Greenberg-Jockusch-Milans in their
2011 paper. For such an edge-labeled tree T', its weight f(7T') was defined as the minimum number of path labels
possible for such a binary subtree. For a fixed depth n, the maximum of the weight of T" over all its 0-1 edge-
labelings was denoted f(n). Their main results were bounds on f and certain consequences in computability
theory. In the introductory parts they showed that for n < 4, f(n) = n. They also announced f(5) = 8; their
proof is presented here and a similar method is used to show f(6) > 10. Milans asked what the expected value
of f(T) (with T of a fixed depth n) is. We deal with cases of the first few n. E.g., among the 239 trees of depth
3 it is ?éggi. For such small depths, we run simulations on random samples and observe close means. For depth
4, our simulations indicate weight 1-4 trees to constitute ~ 0.4~ %, 36%, 56T %, and 7%, respectively, of the 2120
depth-4 trees. We present examples and provide analysis for each of the possible values of f(T') for such small
n. (Received September 05, 2018)

1145-05-407 Anant Godbole* (godbolea@etsu.edu). Universal cycles, pattern avoiding permutations,
and generalized arc sine distributions. Preliminary report.

In this talk, we give three contexts in which lattice path combinatorics is encountered. The contexts are contained

in the title of the talk, and Catalan numbers as well as Catalan convolutions play an important role. (Received

September 05, 2018)

1145-05-433 Ryan R Martin, Abhishek Methuku, Andrew Uzzell and Shanise Walker*
(walkersg@uwec.edu). The size of a family forbidding the Yy o poset and its dual.

The poset Y}, o consists of k 4 2 distinct elements 1, z2, ..., Tk, Y1, y2, such that z1 <zo <--- <z <91, Yo
The poset Yk’72 is the dual poset of Yy 5. The sum of the k largest binomial coefficients of order n is denoted
by X(n, k). Let Laf (n, {Yk’g,Yk”z}) be the size of the largest family F C 2[" that contains neither Y},2 nor
Yk’72 as an induced subposet. Methuku and Tompkins proved that La¥(n, {Yz 2, Y5 ,}) = B(n,2) for n > 3 and
conjectured the generalization that if k > 2 is an integer and n > k + 1, then Laf(n, {Ykﬂ’yk/,z}) = 3(n, k).
On the other hand, it is known that Laf(n, Y 2) and Laf(n, Yk’72) are both strictly greater than 3 (n, k). In this
talk, we introduce a simple approach, motivated by discharging, to prove this conjecture. (Received September
06, 2018)

1145-05-474 Lindsey-Kay Lauderdale* (1lauderdale@towson.edu), Christina Graves and
Stephen Graves. FEdge-minimal Graphs with Given Generalized Quaternion
Automorphism Group. Preliminary report.
For a finite group G, let e(G,m) denote the minimum number of edges among all graphs with m vertices and
automorphism group isomorphic to G; if no such graphs exists, then consider e(G,m) to be undefined. This
invariant is the subject of prior research by several authors, but its value is known only for two finite groups
and a few other infinite families of finite groups. In this talk, we will consider the value of e(Q2n,m) for the
generalized quaternion group, Qan , where n > 3. Specifically, if m > 2711 we determine the value of e(Q2n , m);
the value of e(Qan,m) is undefined provided m < 27+!. Additionally, we will discuss the sizes of connected
edge-minimal graphs with quaternion symmetry and conclude with some open questions on the value of e(G, m)
in general. (Received September 07, 2018)

1145-05-535 Pamela E. Harris* (peh20@williams.edu), 33 Stetson Court, Williamstown, MA 01267,
and Dalia K. Luque, Claudia Reyes Flores and Nohemi Sepulveda. Broadcast
Domination of Triangular Matchstick Graphs and the Triangular Lattice.
Blessing, Insko, Johnson and Mauretour gave a generalization of the domination number of a graph G called the
(t, ) broadcast domination number which depends on the positive integer parameters ¢ and r. In this setting, a
v € V is a broadcast vertex of transmission strength t if it transmits a signal of strength ¢t —d(u, v) to every vertex
u € V with d(u,v) < t. Given a set of broadcast vertices S C V, the reception at vertex u is the sum of the
transmissions from the broadcast vertices in S. The set S C V is called a (¢,7) broadcast dominating set if every
vertex u € V has a reception strength r(u) > r and for a finite graph G the cardinality of a smallest broadcast
dominating set is called the (¢,7) broadcast domination number of G. In this talk, we consider the infinite
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triangular grid graph and define efficient (t,r) broadcast dominating sets as those broadcasts that minimize
signal waste. Our main result constructs efficient (¢,r) broadcasts on the infinite triangular grid graph for all
t > r > 1 and provides upper bounds for the (¢,7) broadcast domination numbers for triangular matchstick
graphs when (t,r) € {(2,1),(3,1),(3,2),(4,1),(4,2), (4,3), (t,t)}. (Received September 11, 2018)

1145-05-544 Walter Morris* (wmorris@gmu.edu) and Mac Gallagher (jmgallagher36@gmail.com). A
Proof of the Strict Monotone 5-step Congecture.

A computer search through the oriented matroid programs with dimension 5 and 10 facets shows that the

maximum strictly monotone diameter is 5. Thus Agn,(5,10) = 5. This enumeration is analogous to that of

Bremner and Schewe for the non-monotone diameter of 6-polytopes with 12 facets. Similar enumerations show

that Asmn(4,9) = 5 and A (4,9) = Ay (5,10) = 6. We shorten the known non-computer proof of the strict

monotone 4-step conjecture. (Received September 09, 2018)

1145-05-600 Yuliy Baryshnikov, Stephen Melczer and Robin Pemantle*
(pemantle@math.upenn.edu), 209 South 33rd Street, Philadelphia, PA 19104, and Armin
Straub. Extracting coefficients of symmetric rational functions.

ACSYV finds asymptotics for coefficients of multivariate rational generating functions. The procedure is usually

automatic once the geometry can be established that locates the dominant singularity. We show how the difficulty

of locating this singularity can be greatly reduced in the case where the generating function is symmetric.

(Received September 11, 2018)

1145-05-602 Federico Castillo and Jose Alejandro Samper*, 1365 Memorial Drive, Ungar 505,
Coral Gables, FL 33146. Finiteness theorems for matroid complexes with prescribed
homotopy type.

It is well known that the independence complex of any matroid without coloops is homotopy equivalent to

a wedge of k > 0 equidimensional spheres. We prove that if the dimension and the number of spheres is

fixed, then only finitely many such independence complexes exist. This counterintuitive property leads to

new structural questions such as upper and lower bound theorems/conjectures for matroids based on the two

parameters mentioned. (Received September 11, 2018)

1145-05-607 William J. Keith* (wjkeith@mtu.edu), 1400 Townsend Dr, Fisher 316, Houghton, MI
49931. Iterated differences in Gaussian coefficients.

In the Gaussian coefficients [JJng] = ZLk:O p(n; 7, k)g™, the second differences p(n + 2;j, k) — 2p(n + 155, k) +
q

p(n; j, k) exhibit, for some indexes k, a striking separation between their values at even and odd n. We prove
that this property holds for small £ and consider possible underlying combinatorial explanations. Confirmation
of the full phenomenon is still open. (Received September 11, 2018)

1145-05-609 Nicholas A. Loehr*, 225 Stanger Street, 460 McBryde Hall, Blacksburg, VA 24060-0123,
and Kyungyong Lee and Li Li. Chain decompositions for q,t-Catalan numbers.

The q, t-Catalan numbers Cy(q,t) are polynomials in ¢ and ¢ that reduce to the ordinary Catalan numbers when

q =t = 1. These polynomials have important connections to representation theory, algebraic geometry, and

symmetric functions. Work of Garsia, Haglund, and Haiman has given us combinatorial formulas for Cy (g, t) as

sums of Dyck lattice paths weighted by area and dinv. This talk continues an ongoing quest for a bijective proof

of the symmetry property Cpr(q,t) = Cn(t,q).

We conjecture some structural decompositions of Dyck objects into infinite chains that can be paired up to
prove the symmetry of some coefficients in C, (g,t). The chains are built from certain initial objects by applying
an operator that increases dinv by 1 and reduces area by 1. A remarkable feature of these chains is that they
do not depend on n but explain the joint symmetry for all n simultaneously. The chain construction leads to a
combinatorial proof that for 0 < k < 9 and all n, the terms in Cjy(q,t) of total degree (g) — k obey the required
symmetry property. (Received September 11, 2018)

1145-05-612 Nicholas A. Loehr*, 225 Stanger Street, 460 McBryde Hall, Blacksburg, VA 24060, and
T. S. Michael. The combinatorics of evenly spaced binomial coefficients. Preliminary
report.

A curious identity for binomial coefficients states that Y, (") = % Z;’Z)l(l + €2mij/m)n There are similar

formulas for the sum of (Z) over all a’s with a given remainder mod m. This talk undertakes a combinatorial
exploration of these formulas emphasizing bijective proofs. Our goal is to find a combinatorial explanation
of why these sums are “almost” 2"/m. We give a bijective proof that the minimum of the sums >, (M:Jrr)
equals (2" — ¢(n,m))/m, where the “error term” ¢(n,m) has an explicit combinatorial interpretation involving
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words satisfying certain parenthesis-matching conditions. Among other consequences, this leads to a novel
combinatorial model for alternate Lucas numbers. (Received September 11, 2018)

1145-05-619 Satyan Devadoss* (devadoss@sandiego.edu). An Introduction to the Combinatorics of
Shape: Polygons, Polytopes, and Configurations.

We present an overview of the rich and vast world of geometric and topological combinatorics through the

particular lens of polygons, polytopes, and configurations. In particular, the interplay between these three ideas

will showcase the beauty and elegance of this field. The talk will be accessible to a curious audience, and heavily

infused with visual imagery. (Received September 24, 2018)

1145-05-678 Marie Meyer and Tefjol Pllaha* (tefjol.pllaha@gmail.com). Additive codes associated
to Laplacian simplices.

We start with necessary background from lattice polytope theory, and show that the lattice points of the

fundamental parallelepiped of a simplex form an abelian group. We focus on a class of simplices introduced by

Braun and Meyer, called Laplacian simplices. To a reflexive Laplacian simplex we associate an additive code,

which we study in detail. We end with some interesting open problems. This is joint work with Marie Meyer.

(Received September 12, 2018)

1145-05-683 Larry J. Gerstein* (gerstein@cox.net). A new approach to the graph isomorphism
problem. Preliminary report.

Graphs G and H with adjacency matrices A and B are isomorphic if and only if there is a permutation matrix
P such that B = P~ AP. Thus, similarity of A and B is a necessary condition for isomorphism of G and H.
On the other hand, the inverse of a permutation matrix is its transpose, and therefore congruence of A and B
via a unimodular matrix P is also a necessary condition for isomorphism of G and H. We will see that matrix
non-congruence can demonstrate non-isomorphism even in situations where the associated adjacency matrices
are similar. This approach can succeed even if A and B have the same invariant factors. (Received September
12, 2018)

1145-05-685 Rebecca Lynn Jackson* (rljackson@csustudent.net), 423 Lazy Hill Rd, Moncks
Corner, SC 29461. Introducing 3-path Domination. Preliminary report.

A dominating set of a graph G is a set of vertices S such that for every v € V(G) either v € S or v is adjacent
to a v1 € S. The domination number, v(G), is the minimum number of vertices needed to create a dominating
set. Haynes and Slater introduced paired-domination in 1998. A paired-dominating set is a dominating set
whose induced subgraph contains a perfect matching. The paired-domination number, v,(G), is the minimum
number of vertices needed to create a paired-dominating set. Building on paired-domination, we introduce 3-path
domination. We define a 3-path dominating set of G to be S = {P1, P»,..., P;|P; is a 3-path} such that the
vertex set V(S) = V(P1) UV (P2)U--- UV (Py) is a dominating set and the 3-path domination number, vp, (G),
to be the minimum number of 3-paths needed to dominate G. We have shown that the 3-path domination
problem is NP-complete, so it is of interest to find bounds on vp, (G) and closed formulas for particular families
of graphs such as Harary graphs, Hamiltonian graphs, and subclasses of trees. We will share these results along
with generalizations of 3-path domination. Part of this material is based upon work supported by the NSF under
grant no. DMS 1757616. (Received September 12, 2018)

1145-05-688 Geir Agnarsson®* (math.geir@gmail.com), Dept. of Math. Sciences, 4400 University
Drive, MS: 3F2, Exploratory Hall, room 4400, Fairfax, VA 22030. How to vertez color
acyclic digraphs and what is it good for?

Graph coloring was certainly a topic close to T. S. Michael’s heart as is evident in his keen interest in a variety of

art gallery problems and the elegant proof of Steve Fisk of the original Art Gallery Problem of a simple polygon.

One of the earliest topics I had the pleasure to discuss at length with T. S. Michael about was that of coloring

vertices of an acyclic digraph in such a way that two vertices with a common ancestor receives distinct colors.

Optimal such colorings by the smallest number of colors have connections to problems for hypergraphs, BIBDs

and finite geometries. In this talk we describe some problems, results and connections that tickled T. S. Michael’s

fancy. (Received September 12, 2018)

1145-05-695 Ashwin Sah* (asah@mit.edu). Improving the % — % Conjecture for Width Two Posets.

Extending results of Linial (1984) and Aigner (1985), we prove a uniform lower bound on the balance constant of
a poset P of width 2. This constant is defined as 6(P) = max(, )¢ p2 min{P(z < y),P(y < 2)}, where P(z < y)
is the probability x is less than y in a uniformly random linear extension of P. In particular, we show that if P
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is a width 2 poset that cannot be formed from the singleton poset and the three element poset with one relation
using the operation of direct sum, then

6(P) 2

— V1
% ~ 0.33876....

This partially answers a question of Brightwell (1999); a full resolution would require a proof of the % — %
Conjecture that if P is not totally ordered then §(P) > %

Furthermore, we construct a sequence of posets Tj, of width 2 with 6(7,) — S = 0.348843..., giving an
improvement over a construction of Chen (2017) and over the finite posets found by Peczarski (2017). Numerical
work on small posets by Peczarski suggests the constant 8 may be optimal. (Received September 13, 2018)

1145-05-733 Jonathan L Gross* (gross@cs.columbia.edu), 86 Rittenhouse Circle, Newtown, PA
18940, Toufik Mansour (tmansour@univ.haifa.ac.il), 3498838 Haifa, PA, Israel, and
Thomas W Tucker (ttucker@colgate.edu), Hamilton, NY 13346. Partial Duals of
Oriented Embeddings.

We explore Chmutov’s construction of partial duality as a topic of independent interest. Our perspective is

largely that of rotation systems and permutations. As our main result, we derive a formula for the genus of

a partial dual of an embedding, which is related to a problem posed by Moffatt. We use the main formula to

calculate the partial-dual genus polynomials for a couple of infinite sequences of embedded graphs. (Received

September 13, 2018)

1145-05-741 Kim A.S. Factor and Larry J Langley*, Department of Mathematics, 3601 Pacific Ave,
Stockton, CA 95211, and Sarah K Merz. A Tight Lower Bound for the Split Domination
Number of a Regular Tournament.

A set of vertices, S, in a strongly connected digraph D, is split dominating provided it is: 1) dominating and 2)

D — S is trivial or not strongly connected. The split domination number of a strongly connected digraph is the

minimum cardinality of a split dominating set for that digraph. We show that for any k-regular tournament,

the split domination number is at least (&;3] and this bound is tight. (Received September 13, 2018)

1145-05-747 Noah Kravitz* (noah.kravitz@yale.edu). Counting Simultaneous Core Partitions with
d-Distinct Parts.

An integer partition is called s-core if its associated Young diagram has no hook of length s, and we say that
an integer partition has d-distinct parts if its consecutive parts differ by at least d. In this talk, we investigate
the number Ny ,(s) of integer partitions with d-distinct parts that are simultaneously s-core and s + r-core.
After reducing this problem to the enumeration of certain finite subsets of the natural numbers, we prove several
results for the regime r < d, including a recurrence relation that was conjectured by Sahin in 2018. We also
derive generating functions, asymptotics, and exact formulas for Ng ,.(s) when r is within d of a multiple of s.
Finally, we exhibit a surprising connection to A-restricted compositions. (Received September 13, 2018)

1145-05-748 Jack E. Graver and Mark E. Watkins* (mewatkin@syr.edu), Mathematics Department,
Syracuse University, Syracuse, NY 13244-1150. Lobe- and Edge-Transitivity of Countable
Graphs of Connectivity 1. Preliminary report.
Let G be the class of countably infinite graphs of connectivity 1. We give necessary and sufficient conditions
for a graph in G to be lobe-transitive. We further show that given any biconnected graph L, any subgroup H
of Aut(L), and a prescribed list of multiplicities of H-orbits, there exists a unique lobe-transitive graph G € G
whose lobes are isomorphic to L and such that the multiset of H-orbits of copies of L to which each vertex of G
belongs is determined by the given list. These results are then applied to give necessary and sufficient conditions
for a graph in G to be edge-transitive. (Received September 13, 2018)

1145-05-749 Daniel Bienstock* (dano@columbia.edu), Dept of IEOR, 500 W 120th St, New York, NY
10027. Optimization problems with bounded width. Preliminary report.

In recent work we have presented results on polynomial optimization problems whose intersection graph has
fixed treewidth. Treewidth, via approximate discretization, yields linear programming formulations that provide
provably good approximation and polynomial size. In this talk we will describe applications of these ideas to
machine learning. A basic result is that given a fixed network, one can provide a uniform (i.e. universal) linear
program such that any realization of training data gives rise to a face of the associated polyhedron; solving the
optimization problem over that face yields a provably good approximation to training error. Joint work with G.
Munoz (Montreal) and S. Pokutta (Georgia Tech). (Received September 13, 2018)
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1145-05-771 Thomas W. Tucker* (ttucker@colgate.edu), 406 Williston Rd, PO Box 163, Sagamore
Beach, MA 02562, and Jonathan L. Gross and Toufik Mansour. Log-Concavity for
Graph Imbedding Polynomials. Preliminary report.
The genus polynomial for a finite graph G is the generating function gg(z) = Ya;2%, where a; is the number of
imbeddings of G in the oriented surface of genus 7. It has been conjectured that this polynomial is log-concave.
If we begin instead with a specific imbedding (or ribbon graph), of G in a closed surface, orientable or not,
there are other polynomials we can study. If the imbedding is orientable, there is the partial duality polynomial
discussed in the previous talk. There is also the partial Petrie duality polynomial, where instead of looking at the
partial dual over all choices of edge-induced subgraphs A, we instead give each of the edges of A an extra twist.
Of course, now the imbedding may be non-orientable, so we count partial Petrie duals with given Euler genus,
possibly partitioning by orientability and non-orientability. A natural question for all of these polynomials is
whether they are log-concave. (Received September 14, 2018)

1145-05-790 Bryan L Shader* (bshader@uwyo.edu). A matriz rank identity with applications to
combinatorial matices.

A T.S. Michael-esque proof a matrix rank identity will be given, and the identity will be utilized to give various

combinatorial results about tournaments, biclique partitions, and Laplacians. (Received September 14, 2018)

1145-05-792 Joanna A. Ellis-Monaghan* (jellis-monaghan@smcvt.edu). Origami Knotting in
Graphs. Preliminary report.

We present a knotting problem in spatial graphs arising from DNA self-assembly that involves Euler circuits as
opposed to the cycles of intrinsically linked and knotted graphs. Design strategies for the origami method of
self-assembly use a single circular (unknotted) strand of DNA called the scaffolding strand which must traverse
all the edges of the target graph, subject to constraints on how it may pass through the vertices and how/if any
edges are repeated. If the target structure is modeled as a graph embedded on an oriented surface in 3-space,
then these routes correspond to A-trails, which are Eulerian circuits that turn either left or right at each vertex.
If the surface is a sphere, then all A-trails in the target structure are necessarily unknotted and so provide
possible scaffolding strand routes. On higher-genus surfaces however there are settings in which every A-trail
is knotted. For geometrically embedded graphs that are not necessarily surface meshes, the initial challenge is
formalizing the constraints on how the scaffolding strand may pass through vertices. These are captured O-trails,
which generalize A-trails and provide a general framework in which to study origami knotted graphs, that is,
graphs with knotted O-trails. (Received September 14, 2018)

1145-05-794 Joshua Carlson* (jmsdg7@iastate.edu). Throttling for Zero Forcing and its Minor
Monotone Floor.

Zero forcing is a process on a graph in which the goal is to force all vertices to become blue by applying a color
change rule. Throttling minimizes the sum of the number of vertices that are initially blue and the number of
time steps needed to color every vertex in the graph. The minor monotone floor of zero forcing uses a variation
of the standard color change rule. This talk will introduce the concept of using a zero forcing process to extend
a given graph. These extensions will be used to give characterizations for throttling zero forcing and its minor
monotone floor. (Received September 14, 2018)

1145-05-802 Axel Brandt, Nathan Tenpas and Carl Yerger* (cayerger@davidson.edu). Planar
Graphs with Girth 20 are Additively 3-choosable.

The additive choice number of a graph G, denoted chyx(G), is the minimum positive integer k such that whenever
each vertex is given a list of at least k positive integers, vertex labels can be chosen from respective lists in such
a way that adjacent vertices have distinct sums of labels on their neighbors. Recently, bounds on the additive
choice number have been obtained for planar graphs under certain girth assumptions. In this talk, we give a
brief history of these bounds and present a proof that for a planar graph G with girth at least 20, chx(G) < 3.
Our approach applies the Combinatorial Nullstellensatz to streamline arguments within a proof that uses the
discharging method. (Received September 15, 2018)

1145-05-805 Grant Fickes* (gfick710@live.kutztown.edu) and Wing Hong Tony Wong.
Edge-Distinguishing Chromatic Number for Three-Legged Spiders.

Let $G$ denote a simple graph consisting of vertices and edges, where each edge connects two distinct vertices.

When we color the vertices of $G8$, each edge will then be labeled by the colors of the two vertices it connects.

For example, if an edge connects a red vertex and a blue vertex, then this edge is labeled by $

$red, blue$

$. We call the coloring of $G$ “edge-distinguishing” if all the edge labels are distinct, and the minimum number
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of colors that we need to create an edge-distinguishing coloring is called the “edge-distinguishing chromatic
number” (EDCN) of G. In previous literature by Al-Wahabi et al., the EDCN was found when $G$ was a path
and a cycle. In this presentation, I will expand their ideas to find the EDCN when $G8$ is a three-legged spider
graph. (Received September 15, 2018)

1145-05-814 Seyyedeh Tahereh Jalali* (staherehjalali1358@gmail.com), 20 Elm-Sanat Blvd, 13548
Semnan, Semnan, Iran, and Masoud Ghods (mghods@semnan.ac.ir), 20 Elm-Sanat Blvd,
13548 Semnan, Semnan, Iran. On K Banhatti indices.
In this project, we introduce some connectivity indices of a graph. A topological index is a numeric quantity
from the structural graph of a molecule. Let G = (V, E) be a connected graph. The K Banhatti indices were
introduced by Kulli in 2016. They are defined as Bl (G) =X ue [dG (u) + dG (e)] and B2 (G) = X ue dG (u)
dG (e), where ue means that the vertex u and edge e are incident and dG (e) denotes the degree of the edge e in
G. In this work, formulas for the K Banhatti index of several derived graphs are obtained. Analogous to other
topological polynomials, the K Banhatti-polynomial of graph G is also defined. We also determine K Banhatti
and K Banhatti-polynomial for certain important chemical structures like nanotubes covered by C5 and CT7.
(Received September 15, 2018)

1145-05-818 Beifang Chen, Mark Ellingham* (mark.ellingham@vanderbilt.edu), Nora
Hartsfield, Serge Lawrencenko, Wenzhong Liu, Hui Yang, Dong Ye and Xiaoya
Zha. The even-faced genus of complete graphs and the Even Map Color Theorem.
The well-known Map Color Theorem extends the Four Color Theorem by providing a sharp bound for the
chromatic number of a graph embeddable in a given surface. The bound was found by Heawood in 1890, but
it took another 78 years to find all of the sharpness examples, using minimum genus embeddings of complete
graphs. In 1975 Joan Hutchinson showed that a graph with an embedding in a given surface with all faces of
even degree satisfies a stronger bound on its chromatic number. We have recently determined the minimum
genus, both orientable and nonorientable, of embeddings of complete graphs in which all faces have even degree.
These embeddings, and embeddings derived from them, provide sharpness examples for Hutchinson’s bound
except for a couple of surfaces of small genus. Thus, we now have a sharp Even Map Color Theorem. (Received
September 15, 2018)

1145-05-847 Lowell Abrams* (labrams@gwu.edu) and Vance Faber. Quadrangulated Immersions of
Cubic Graphs in the Sphere.

A quadrangulated immersion of a graph G in a surface S is a drawing of G in S so that each crossing is transversal,

each point of crossing is formed by exactly two edges, and each connected region of the complement of G in S is

bounded by [portions of] four edges of G. We discuss basic constraints on quadrangulated immersions of cubic

graphs in the sphere, and demonstrate various methods of constructing such immersions, including methods for

constructing non-isomorphic immersions of the same graph. (Received September 17, 2018)

1145-05-867 Yukun Yao and Doron Zeilberger* (doronzeil@gmail.com), Department of
Mathematics, Rutgers University, Piscataway, NJ 08544. An experimental mathematics
approach to Parking Functions.

We illustrate the experimental, empirical, approach to mathematics (that contrary to popular belief, is often

rigorous), by using parking functions and their ”area” statistic, as a case study. Our methods are purely finitistic

and elementary, taking full advantage, of course, of our beloved silicon servants. (Received September 16, 2018)

1145-05-871 Atsuhiro Nakamoto* (nakamoto@ynu.ac.jp), Yokohama National University, Yokohama,
Kanagawa 240-8501, Japan, and Yuta Omizo. A new YA equivalence class of projective
planar maps.

A map G on a closed surface F? is k-representative if every noncontractible closed curve on F? hits G at least

k times. Randby proved that for any k > 1, any two minor-minimal k-representative maps on the projective

plane P? (i.e., w.r.t. minor operations) can be transformed by Y A-exchanges. So the class of minor-minimal

k-representative maps on P2 forms a Y A-equivalence class.

Recently, finding a relation between a certain quadrangulation on P2 and a rhombus tiling of a regular 2k-
gon, we proved that if G is a minor-minimal k-representative map on P2, then the “medial graph” M(G) can be
regarded as a system of “straight” noncontractible curves on P2 (where M(G) is the 4-regular map with vertex
set E(G) such that two vertices e and e’ are adjacent in M(G) if and only if e and €’ are consecutive on some
facial walk in G). This fact enables us to give a intuitive proof of Ranbdy’s theorem.
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In our talk, extending the above observation on geometry, we find a new YA equivalence class of projective
planar maps, including those classes of minor minimal k-representative maps on P2. (Received September 16,
2018)

1145-05-876 Brice Huang* (bmhuang@mit.edu), 500 Memorial Drive #434, Cambridge, MA 02139.
Cyclic Descents for General Skew Tableauz.

A cyclic descent function on standard Young tableaux of size n is a function that restricts to the usual descent
function when n is omitted, such that the number of standard Young tableaux of given shape with cyclic descent
set D C [n] is invariant under any modulo n shift of D. The notion of cyclic descent was first studied for
rectangles by Rhoades, and then generalized to certain families of skew shapes by Adin, Elizalde, and Roichman.
Adin, Reiner, and Roichman proved that a skew shape has a cyclic descent map if and only if it is not a connected
ribbon. Unfortunately, their proof is nonconstructive; until now, explicit cyclic descent maps are known only for
small families of shapes.

In this paper, we construct an explicit cyclic descent map for all shapes where this is possible. We thus
provide a constructive proof of Adin, Reiner, and Roichman’s result. Our construction of a cyclic descent map
generalizes many of the constructions in the literature. (Received September 16, 2018)

1145-05-912 Guy Moshkovitz*, guymoshkov@gmail.com, and Asaf Shapira. A Tight Bound for
Hypergraph Regularity.

The hypergraph regularity lemma — the extension of Szemeredi’s graph regularity lemma to the setting of k-
graphs — is one of the most celebrated combinatorial results obtained in the past decade. By now there are
various (very different) proofs of this lemma, obtained by Gowers, Rodl et al. and Tao. Unfortunately, what all
these proofs have in common is that they yield partitions whose order is given by the k-th Ackermann function.
We prove that such Ackermann-type bounds are unavoidable for every k>=2, thus confirming a prediction of
Tao. Prior to our work, the only result of this kind was Gowers’ famous lower bound for graph regularity.
(Received September 17, 2018)

1145-05-913 Joseph Doolittle* (jdoolitt@ku.edu). Constructing Counterezamples to a Conjecture of
Perles.

In 1970, Micha Perles conjectured that facets of simple d-polytopes were exactly the d— 1-regular, d— 1-connected,
induced, separating subgraphs of the vertex-edge graph of the polytope. This was proved false in Haase and
Ziegler’s 2002 paper, where they construct a counterexample starting with Bing’s House with two rooms. In this
talk, I will discuss how this construction can be simplified and generalized, as well as give methods to generate
more starting points that lead to counterexamples with additional desirable properties. (Received September
17, 2018)

1145-05-927 Connor Thomas Ahlbach* (ahlbach@uw.edu), 1901 NE 85th St., Apt. 311, Seattle, WA
98115, and Joshua P Swanson. Cyclic Sieving, Necklaces, Branching Rules, and Thrall’s
problem.

The cyclic sieving phenomenon relates a statistic generating function on a finite set to a cyclic action on the
same set. On the other hand, the higher Lie modules, first constructed by Thrall, have been heavily studied, but
a combinatorial description of their decomposition into irreducibles is still open. We show that the cyclic sieving
phenomenon of Reiner—Stanton-White together with necklace generating functions arising from work of Klyachko
offer a remarkably unified, direct, and largely bijective approach to a series of results due to Kraskiewicz—Weyman,
Stembridge, and Schocker related to the so-called higher Lie modules and branching rules for inclusions the wreath
product of cyclic and symmetric group into a symmetric group. This provides a relatively rare instance of cyclic
sieving being used to derive results in representation theory rather than the other way around. Extending the
approach gives monomial expansions for certain graded Frobenius series arising from a generalization of Thrall’s
problem. (Received September 17, 2018)

1145-05-941 Hunter Rehm (hunter.rehm@uvm.edu), Alex Schulte* (aschulte@iastate.edu),
Nathan Warnberg (nwarnberg@uwlax.edu) and Michael Young (myoung@iastate.edu).
The anti-van der Waerden number of graphs.

The anti-van der Waerden number is the smallest r such that every exact r-coloring of G contains a rainbow

k-term arithmetic progression. In this presentation the anti-van der Waerden number of a graph is investigated.

In particular, bounds are found for the anti-van der Waerden number of a graph using radius and diameter

conditions. Moreover, it is shown that the cartesian product of two graphs has an anti-van der Waerden number

of at most 4. (Received September 17, 2018)
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1145-05-942 Yezhou Wu and Dong Ye*, 1301 E. Main St., Murfreesboro, TN 37132. Circuit Covers
of Highly Connected Signed Graphs. Preliminary report.

A signed graph (G, o) is a graph associated with a mapping o : E(G) — {—1,+1}. A cycle is positive if it has
an even number of negative edges and negative otherwise. A barbell is a subgraph consisting of two negative
cycles intersecting exactly at one vertex or two disjoint negative cycles joined by a path internally disjoint from
the two cycles. A circuit is either a positive cycle or a barbell. A circuit cover is a family of circuits which cover
all edges of G. It is known that a signed graph has a nowhere-zero flow if and only if it has a circuit cover.
However, it is also known that a 3-connected signed graph may not have a circuit 4-cover. In this talk, we talk
about the circuit k-cover and shortest circuit cover of highly connected signed graphs. (Received September
17, 2018)

1145-05-949 Michael Tait* (mtait@cmu.edu). Using random polynomials in extremal graph theory.
For a fixed integer k we consider the problem of how many edges may be in an n-vertex graph where no pair of
vertices have t internally disjoint paths of length k between them. When ¢ = 2 this is the notorious even cycle
problem. We show that such a graph has at most cxt!=1/*nl+1/k edges, and we use graphs constructed via
random polynomials to show that the dependence on t is correct when k is odd.

This is joint work with Boris Bukh and Sunny He (Received September 17, 2018)

1145-05-950 Emily Marshall* (marshalle@arcadia.edu) and Michael Santana. Finding disjoint
theta graphs. Preliminary report.

For a graph G on exactly 4k vertices, Kawarabayashi proved that if §(G) > %k, then G contains k vertex-disjoint
theta graphs. We extend this result and show that every graph G on at least 4k vertices with §(G) > gk contains
k vertex-disjoint theta graphs; this result is best possible when 4k < n < 5k. For graphs on a large number of
vertices, however, Chiba et al. proved that if §(G) > 2k, then G contains k vertex-disjoint theta graphs. We
discuss when this minimum degree threshold might transition from gk to 2k. This work is joint with Michael
Santana. (Received September 17, 2018)

1145-05-971 sarah-marie belcastro* (smbelcas@toroidalsnark.net) and Ruth Haas. Color-induced
subgraphs of Grinbaum colorings of triangulations.

We consider properly edge 3-colored cellularly embedded cubic graphs and their dual Griinbaum-colored tri-

angulations. The collection of edges of a single color induces a matching in the cubic graph and, in the dual

triangulation, a color-induced subgraph (CISG).

Previous study of CISGs has regarded the properties of an embedding corresponding to all CISGs being
connected—this has been characterized for the sphere and projective plane. In the present work, we focus on
Hamilton cycles in embedded cubic graphs and the structure of corresponding CISGs in the dual triangulations.
Unsurprisingly, the CISG structure depends on the embedding surface. For all surfaces, we characterize CISG
structure in triangulations when the dual cubic graph has a Hamilton cycle. We also indicate conditions under
which particular CISG structures in a triangulation reveal the existence of a Hamilton cycle in the dual cubic
graph. As time permits, we will comment on other aspects of CISG structure.

This is joint work with Ruth Haas, University of Hawaii. (Received September 17, 2018)

1145-05-977 Shane Chern* (shanechern@psu.edu), Department of Mathematics, The Pennsylvania
State University, University Park, PA 16802, and Zhitai Li. Kanade—Russell conjectures
and linked partition ideals.

The concept of linked partition ideals, introduced by George Andrews in the 1970s, may play an important role

in finding generating functions for various partition sets.

In this talk, I will interpret partition sets with certain difference-at-a-distance themes under this setting.
These partition sets are closely related to the Kanade—Russell conjectures. In particular, I will recover six
generating function identities due to Kanade and Russell, and Kursungoz. I will also present more identities of
the same flavor.

This is joint work with Zhitai Li from Penn State University. (Received September 17, 2018)

1145-05-983 Lauren M. Nelsen* (lauren.nelsen@du.edu) and Paul Horn. Rainbow spanning trees
in general graphs.

A rainbow spanning tree in an edge-colored graph is a spanning tree in which each edge is a different color.

Carraher, Hartke, and Horn showed that for n and C' large enough, if G is an edge-colored copy of K, in which

each color class has size at most n/2, then G has at least [n/(Clogn)| edge-disjoint rainbow spanning trees.

Here we strengthen this result by showing that if G is any edge-colored graph with n vertices in which each color
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appears on at most § - A\1/2 edges, where § > C'logn for n and C sufficiently large and A; is the second-smallest

eigenvalue of the normalized Laplacian matrix of G, then G contains at least {cél'g\gan edge-disjoint rainbow
spanning trees. (Received September 17, 2018)
1145-05-996 Kenta Ozeki* (ozeki-kenta-xr@ynu.ac.jp), 79-2 Tokiwadai, Hodogaya-ku, Yokohama,

240-8501, Japan. Spanning trees with few leaves in graphs on surfaces.
This work is a joint work with Atsuhiro Nakamoto (Yokohama National University).

In a graph G, a cycle or a path is Hamiltonian if it contains all vertices of G. In 1956, Tutte proved that
every 4-connected planar graph is Hamiltonian. Since planar graphs can be regarded as graphs on the sphere,
it is natural to think about graphs on higher genus surfaces. With this direction, the most attractive conjecture
is due to Nash-Willams and Griiunbaum, which says that every 4-connected graph on the torus is Hamiltonian.
This conjecture is still open. Note that for any such a surface F? with genus more than the torus, there exist
infinitely many 4-connected non-Hamiltonian graphs on F2. However, we can expect the existence of some
structures which have weaker (but still interesting) property than the Hamiltonicity. For example, it is unknown
that whether every 4-connected graph on the nonorientable surface of crosscap number 3 has a Hamiltonian
path. Similarly, the speaker conjectured that for any surface of Euler characteristic x, there exists a spanning
tree with at most O(—x) leaves. In this talk, we will give a recent result concerning the conjecture. (Received
September 18, 2018)

1145-05-1016 Richard A Brualdi* (brualdi@math.wisc.edu). T.S. Michael and his Mathematics.

T.S. Michael was my 13th PhD student receiving his degree in 1988 with a thesis entitled “The structure matrix of
the class of multigraphs with a prescribed degree sequence”. Primarily interested in graphs and matrices, T.S.’s
research spanned a a number of topics: (0,1)-matrix classes, permanents, tournaments, Hadamard matrices
and designs, sphere of influence graphs, graph decompositions, block designs, and, of course, guarding art
galleries. His 2009 book “How to guard an art gallery and other discrete mathematical adventures” illustrates
his wonderful expository skills. His 2011 paper “Guards, Galleries, Fortresses, and the Octoplex” was awarded
a prize for exposition by the MAA in 2012. In this talk I will first give some personal reminiscences about T.S.
and his career, and then discuss some of his mathematical research. (Received September 18, 2018)

1145-05-1019 Elanor West* (ewest13@jhu.edu) and Xiao Xie. Rendezvous Search on the Edges of
Vertex-Transitive Solids. Preliminary report.

A classic “rendezvous search” problem is the “astronaut problem,” in which two agents are placed on a sphere
and move around until they meet. Research focuses on finding an optimal strategy for both agents to use. We
consider a model that utilizes discrete units of time, with movement along the edges of vertex-transitive solids.
The search ends when the two agents can see each other. We first examine the five platonic solids, then look at
several larger Archimedean solids for comparison. We compare the mean times to meet on the solids under an
unbiased random walk strategy, and we alter assumptions and strategies in various versions of the search to see
how certain changes affect the mean time to end. One version involves the possibility of waiting on any given
turn under both biased and unbiased random strategies. We also examine multi-step strategies, which involve a
random step and a predetermined sequence of directions. The calculations of expected meeting times all involve
first-step Markov chain decompositions. (Received September 18, 2018)

1145-05-1028 Caleb Ji* (caleb.ji@wustl.edu). Distinguishing numbers and generalizations.

The distinguishing number of a graph was introduced by Albertson and Collins as a measure of the symmetry
contained in its automorphism group. Tymoczko extended this definition to faithful group actions on sets. In
this talk, we first show a solution to an open problem on distinguishing numbers. We then generalize this notion
further to distinguishing partitions, which naturally leads to a new partially ordered set on partitions. We show
that the dominance order is a refinement of this order and raise a few open questions regarding its properties.
We then introduce the distinguishing symmetric function and raise a question regarding the Schur-positivity of
this polynomial for automorphism groups of graphs. We prove some special cases and outline a possible approach
which relates distinguishing labelings of graphs to partitions of Cartesian powers of the vertex set. (Received
September 18, 2018)

1145-05-1037 Michael D. Weiner* (mdw8@psu.edu), 3000 Ivyside Park, Altoona, PA 16601, and Daniel
Birmajer and Juan B. Gil. On factor-free Dyck words with half-integer slope.

We study a class of rational Dyck paths with half-integer slope corresponding to factor-free Dyck words, as

introduced by P. Duchon. We show that, for the slopes considered in this paper, the language of factor-free Dyck

words is generated by an auxiliary language that we examine from the algebraic and combinatorial points of
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view. We provide a lattice path description of this language, and give an explicit enumeration formula in terms
of partial Bell polynomials. As a corollary, we obtain new formulas for the number of associated factor-free
generalized Dyck words. (Received September 18, 2018)

1145-05-1040 Katie Anders* (kanders@uttyler.edu), Alissa S. Crans, Briana Foster-Greenwood,
Blake Mellor and Julianna Tymoczko. Characteristics of graphs admitting only
constant splines.

We study the generalized graph splines introduced by Gilbert, Tymoczko, and Viel. We consider graphs that ad-

mit only constant splines and provide a characterization for splines on such graphs over the ring Z,,. (Received

September 18, 2018)

1145-05-1042 Juan B. Gil* (jgil@psu.edu), 3000 Ivyside Park, Altoona, PA 16601, and Daniel
Birmajer and Michael D. Weiner. On rational Dyck paths and the enumeration of
factor-free Dyck words.

Motivated by independent results of Bizley and Duchon, we study rational Dyck paths and their subset of factor-

free elements. On the one hand, we give a bijection between rational Dyck paths and regular Dyck paths with

ascents colored by factor-free words. This bijection leads to a new statistic based on the reducibility level of the
paths for which we provide a corresponding formula. On the other hand, we derive a formula for the enumeration
of factor-free words and give alternative formulas for various enumerative sequences that appear in the context

of rational Dyck paths. (Received September 18, 2018)

1145-05-1056 Ryan W Solava* (ryan.w.solava@vanderbilt.edu) and Mark Ellingham. Fine
structure of 3-connected Ka t-minor-free graphs.

In this talk, I will discuss two results that describe the structure of graphs that avoid certain minors. The first of

these is a structural characterization of 3-connected K> 5-minor-free graphs. The second describes the structure

of 3 and 4-connected K3 ¢-minor-free graphs for any given t. This result gives some asymptotic information

about the number of graphs in these families. (Received September 18, 2018)

1145-05-1072 Neil Hindman* (nhindman@aol.com). The research of 20 Ph.D. students at Howard
University.

I shall discuss, necessarily very briefly, the research of my twenty Ph.D. students at Howard University from

1987 through 2017. (Received September 18, 2018)

1145-05-1113 Rosa C Orellana*, Department of Mathematics, 6188 Kemeny Hall, Hanover, NH 03755,
and Mike Zabrocki (zabrocki@mathstat.yorku.ca), Department of Mathematics and
Statistics, York University, Toronto, Ontario M3J 1P3, Canada. Symmetric functions and
the symmetric group.

The representation theory of the symmetric group and the general group are deeply connected to symmetric

functions. And it is well known that Schur functions evaluate to characters of the general linear group.

In this talk I will discuss basis of the ring of the symmetric functions. This basis evaluates to the characters
of the symmetric group just as the Schur functions evaluate to the characters of the general linear group. The
structure coefficients when we multiply our basis elements are the stable Kronecker coefficients. In this talk I
will discuss the combinatorics related to this new basis and how it relates to the partition algebra. (Received
September 19, 2018)

1145-05-1161 Ji Young Choi* (jychoi@ship.edu), 1871 Old Main Dr, Shippensburg, PA 17257. Digit
Sum of Integers Generalizing Binomial Coefficients. Preliminary report.

For any positive integer b > 1, we use the digit sum of base-b representation of integers to define four different

generalization of binomial coefficients. One generalization is identified as the extended binomial coefficients,

and we express every other generalization in terms of the extended binomial coefficients. We also express every

generalization in terms of binomial coefficients and find the explicit formula for each generalization. (Received

September 19, 2018)

1145-05-1162 T. S. Michael and Val Pinciu* (pinciuvi@southernct.edu). Guarding Art Galleries,
Fortresses and Prison Yards.

The original art gallery problem, posed by Klee, asks for the minimum number of guards that are always

sufficient and sometimes necessary to protect the interior of a polygon with n sides. Over the years numerous

variations of this problem have been proposed and studied with different restrictions placed on the shape of the

galleries and the power of guards. We extend and unify most known results about guarding orthogonal polygons

by introducing the same-sign diagonal graphs of a convex quadrangulation and applying results about vertex
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covers for graphs. Our approach also yields new theorems and often guarantees two disjoint vertex guard sets
of relatively small cardinality. (Received September 19, 2018)

1145-05-1169 Jared Marx-Kuo* (jmarxkuo@uchicago.edu), Jiyang Gao and Vaughan McDonald.
The Sandpile Group of Cayley Graphs.

The Abelian Sandpile Model and its recurrent configurations, known as the Sandpile group, are abundant
in modern mathematics and have combinatoric, algebraic, and geometric descriptions. Past work has focused
on the sandpile group of the n-dimensional hypercube. In this project, we perform a more general analysis on
the Cayley graph of the group [} and any of its generating sets. While the p-sylow component of the sandpile
group has been classified for p # 2, significantly less is known about the 2-sylow component. In this paper, we
use representation theory and ring theory to prove a sharp upper bound for the largest 2-sylow subgroup in the
sandpile group of an arbitrary Cayley graph. We also partially classify the number of 2-sylow subgroups in the
sandpile group and make further reductions into determining its structure. Using these reductions, we provide
a full classification of the sandpile group for the » = 2 case and other enlightening results for small r cases.
(Received September 26, 2018)

1145-05-1197 Tad White*, 17100 Science Drive, Bowie, MD 20715. Quota Trees. Preliminary report.
Usually, a graph search ends when each vertex has been reached once. Quota trees arise when you need to
arrive at each vertex a prescribed number of times. We use Lagrange inversion to count the resulting search
trees (or forests) in a digraph in terms of a determinant which generalizes the graph Laplacian. We will discuss
applications to finite automata and other areas, indicate a number of known enumeration problems which are
really about quota trees, and state some open questions. (Received September 19, 2018)

1145-05-1198 Marshall M. Cohen* (marshall.cohen@morgan.edu). Elements of finite order in the
Riordan group.

We consider elements (g(x), F(z)) in the Riordan group R over a field F of characteristic 0, where g(z) =

go+grx+gox? 4+, go #0,and F(z) = wx+ fox? + -+, w # 0. We answer some foundational questions

about elements of finite order in R.

Theorem 1 states that (g(z), F(x)) has finite order n in R if and only if (a) n = £.c.m(ord(go), ord(w)) in
F\ {0} and (b) F(x) has finite compositional order and (c) There exists h(xz) = ho + hiz + -+, ho # 0 such
that g(z) = go - (h(x)/h(F(az))).

Theorem 2 classifies elements of finite order in R up to conjugation.

Theorem 3 determines the set of eigenvectors of a given element (g(z), F(x)) of finite order in R. Finally we
note that knowledge of the eigenvectors leads to interesting combinatorial formulas. (Received September 19,
2018)

1145-05-1202 Danielle Wang* (diwang@mit.edu). On roots of Wiener polynomials of trees.

The Wiener polynomial of a connected graph G is the polynomial W (G; z) = Zf)z(lc) d;(G)z" where D(QG) is the
diameter of G, and d;(G) is the number of pairs of vertices at distance ¢ from each other. We examine the roots
of Wiener polynomials of trees. We prove that the collection of real Wiener roots of trees is dense in (—o0, 0],
and the collection of complex Wiener roots of trees is dense in C. We also prove that the maximum modulus
among all Wiener roots of trees of order n > 31 is between 2n — 15 and 2n — 16, and we determine the unique
tree that achieves the maximum for n > 31. Finally, we find trees of arbitrarily large diameter whose Wiener
roots are all real. (Received September 20, 2018)

1145-05-1205 N. Jonoska* (jonoska@mail.usf.edu), J. Durand-Lose and H.J. Hoogeboom. The
Computational Power of Deterministic Tile Self-assembly.

Complex DNA molecules that can build large two-dimensional arrays are modeled by square Wang tiles with
colored edges. The assembly process is simulated by placing Wang tiles, one after another on the integer lattice
72, where at least one edge between neighboring tiles has a matching color. The systems where assemblies
with mismatched colors are allowed are considered ‘non-cooperative’. We consider non cooperative binding, in
deterministic (called confluent) tile self-assembly systems (TAS) and prove the standing conjecture that such
systems do not have universal computational power. We observe that a confluent TAS has at most one maximal
producible assembly, (an assembly that cannot grow further) amax and provide a characterization for amax. To
a given amax we associate a finite labeled directed graph such that every path visits at most two cycles, called
quipu. We show that the union of all labels of paths in a quipu equals amax, therefore giving a finite description
for amax. This finite description implies that amax is a union of semi-linear subsets of Z? and therefore such
systems cannot have universal computational power. (Received September 20, 2018)
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1145-05-1234 Sam Armon* (sarmonl@macalester.edu) and Tom Halverson
(halverson@macalester.edu). Transition Matrices for Young’s Representations of Sy,.
Preliminary report.
The irreducible representations of the symmetric group S, are indexed by integer partitions A - n. The corre-
sponding simple modules are denoted {S} | A F n}, and the dimension of S}, equals the number fy of standard
Young tableaux of shape A. In the 1920s, A. Young defined two bases of S} — the natural and seminormal
bases — by describing the action of o € S;, on vectors indexed by standard Young tableaux of shape A. We
give a formula for the entries in the transition matrix between the seminormal and natural bases, answering an
open question in the representation theory of the symmetric group. Our method is to use a graph I'y, which has
vertices labeled by the standard tableaux of shape A and colored edges corresponding to adjacent transpositions
in Sp,. This graph is the Hasse diagram of weak Bruhat order on standard tableaux. The entries in the transition
matrix are calculated using weights on walks on I'y. We generalize our method to the wreath product group
Sn 1 Zy and the Iwahori-Hecke algebra Hy,(g) of S,. (Received September 20, 2018)

1145-05-1241 Ana Luzon* (anamaria.luzonQupm.es), ETSI Montes, Forestales y Medio Natural,
Ciudad Universitaria s/n, 28040 Madrid, Spain, 28040 Madrid, Madrid, Spain. On some
complementary Riordan arrays.

I am going to deal with the m-complementary of a Riordan array. In particular, I will compute Catalan triangle’s

complementary. Using this, I will provide an answer to Shapiro’s question 4 proposed in 4RART in Madrid. I

will compute the complementary for another examples of Riordan arrays. Moreover, I will propose some related

questions. I am going to look for some symmetries within bi-infinite Riordan matrices with extra properties. In

particular, T will solve D{1} = —D for D in the Riordan group. (Received September 20, 2018)

1145-05-1270 Mehtaab Sawhney* (msawhney@mit.edu), 290 Massachusetts Avenue, Cambridge, MA
02139, and Ashwin Sah. On the Discrepancy Between Two Zagreb Indices.
We examine the quantity
S(G) = Z min(deg u, degv)
uwveE(G)
over sets of graphs with a fixed number of edges. The main result shows the maximum possible value of S(G) is
achieved by three different classes of constructions, depending on the distance between the number of edges and
the nearest triangular number. Furthermore we determine the maximum possible value when the set of graphs is
restricted to be bipartite, a forest, or to be planar given sufficiently many edges. The quantity S(G) corresponds
to the difference between two well studied indices, the irregularity of a graph and the sum of the squares of the
degrees in a graph. These are known as the first and third Zagreb indices in the area of mathematical chemistry.
(Received September 20, 2018)

1145-05-1284 Yue Cai* (ycai@math.tamu.edu) and Catherine H. Yan. Rational parking functions.
Preliminary report.

)»~1, is the set of all sequences (a1,...,an) € [n]™ whose

The classical parking functions, enumerated by (n + 1
increasing rearrangement b; < bg < --- < by, satisfies b; < 4. In this talk, we will introduce the notion of rational
parking functions indexed by a pair of coprime integers (a,b). We will present some enumerative results on the
rational parking functions and discuss the more general case where ged(a,b) # 1. (Received September 20,

2018)

1145-05-1321 Zhexiu Tu* (tuzhexiu@gmail.com). Circuit aziomatizations of symplectic matroids.

One generalization of ordinary matroids is symplectic matroids. While symplectic matroids were initially defined
by their collections of bases, there has been no cryptomorphic definition of symplectic matroids in terms of
circuits. We give a definition of symplectic matroids by collections of circuits. As an application, we construct
a class of examples of symplectic matroids from graphs in terms of circuits. (Received September 24, 2018)

1145-05-1350 Amanda Lohss*, alohss@messiah.edu. Regular Permutation Graphs.

This talk will introduce permutation graphs, graphs whose edges correspond to inversions in permutations. One
question of interest is how many permutation graphs are r-regular? There are numerous examples of r-regular
permutation graphs, but certainty not all permutation graphs are regular. This talk will present an answer to
this question. In fact, our research has shown that there are infinitely many connected r-regular permutation
graphs for r>4. (Received September 21, 2018)
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1145-05-1354 Peter Doyle, Jay Pantone* (jay.pantone@gmail.com) and Everett Sullivan. How
many chord diagrams have no short chords? Preliminary report.

A chord diagram with n chords is a set of 2n points in a line connected in n pairs. Chord diagrams, sometimes

called matchings, play an important role in mathematical biology, knot theory, and combinatorics, and as a

result they have been intensely studied by mathematicians, computer scientists, and biologists alike. We use a

combination of symbolic, analytic, and experimental methods to examine the enumeration of chord diagrams

without short chords. (Received September 21, 2018)

1145-05-1368 Tara Abrishami* (tabrish1@jhu.edu) and Edward Scheinerman (ers@jhu.edu), Office
of Engineering Graduate Acad Affairs, Wyman Park Building, 3rd Floor, Johns Hopkins
University, Baltimore, MD 212128. FEigenvalues of Cographs. Preliminary report.

Cographs are a recursively defined family of graphs built from a single vertex by the operations of disjoint

union and complement. The eigenvalues of a cograph’s Laplacian are nonnegative integers, and we explore their

combinatorial significance, including the case of randomly generated cographs. We are particularly interested in

understanding the second smallest eigenvalue of the Laplacian (known as the algebraic connectivity). (Received

September 21, 2018)

1145-05-1391 Lorinda Leshock* (1leshock@udel.edu). Pappus Configurations in Finite Projective
Planes. Preliminary report.

In the classical projective planes both Desargues’ theorem and Pappus’ theorem hold. According to a result of
Ostrom, the Desargues configuration can also be found in every finite projective plane of order greater than 3,
classical or not. The existence of a Pappus configuration in every non-classical finite affine or projective plane is
unknown. We study whether the Pappus configuration is present in all such planes. In particular, we show that
in finite Hall affine or projective planes the Pappus configuration exists. More precisely, we prove that in finite
Hall affine planes, the following strong version for the existence of the Pappus configurations holds. For every
pair of lines ¢1, {2, every triple of points on ¢; and every point on {2, two more points can be found on line ¢
that define a Pappus configuration. (This is a joint work with Felix Lazebnik.) (Received September 23, 2018)

1145-05-1395 Lara Dolecek*, Eng IV 56-147B, Los Angeles, CA 90024, and Homa Esfahanizadeh
and Ahmed Hareedy. Recent advances in spatially coupled codes and applications in
data storage systems.

In this talk, we will review recent results on finite-length spatially coupled (SC) codes, wth the primary focus

on code design for data storage applications. We will present a combinatorial framework for constructing binary

and non-binary SC codes, multidimensional SC codes, and demonstrate the effectiveness of these codes for a

variety of practical storage channels. We will also briefly discuss future directions. (Received September 21,

2018)

1145-05-1408 Torin Greenwood* (greenwol@rose-hulman.edu) and Christine E Heitsch. Using
Ezperimental Data to Deconvolve Structural Signals.

The combinatorial arrangement of RN A base pairings encodes functional information, and a sequence is typically
predicted to fold to a single minimum free energy conformation. But, an increasing number of RN A molecules are
now known to fold into multiple stable structures. Discrete optimization methods are commonly used to predict
foldings, and adding experimental data as auxiliary information improves prediction accuracy when there is a
single dominant conformation. In this talk, we describe the challenges of extending the thermodynamic prediction
approaches with experimental data to multimodal structural distributions. Using a probabilistic framework, we
illustrate that with significant probability, current prediction models fail to recognize the presence of multiple
structures. (Received September 21, 2018)

1145-05-1427 Ahmad Abdi and Gerard Cornuejols*, gcOv@andrew.cmu.edu, and Dabeen Lee.
Intersecting restrictions in clutters. Preliminary report.

A clutter is intersecting if the members do not have a common element yet every two members intersect. It
has been conjectured that for clutters without an intersecting minor, total primal integrality and total dual
integrality of the corresponding set covering linear system are equivalent. In this talk, we present a polynomial
characterization of clutters without an intersecting minor. One important class of intersecting clutters comes
from projective planes, namely the deltas, while another comes from graphs, namely the blockers of extended
odd holes. Using similar techniques, we will provide a polynomial algorithm for finding a delta or the blocker of
an extended odd hole minor. This result is quite surprising as finding a delta or an extended odd hole minor is
NP-hard. (Received September 21, 2018)
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1145-05-1449 Tri Lai* (tlai3@unl.edu), 8110 S 20th Street, Lincoln, NE 68512. New duals of
MacMahon’s theorem.

The enumeration of tilings dates back to the early 1900s when MacMahon proved his classical theorem on
boxed plane partitions. The theorem yields an elegant product formula for the number of lozenge tilings of a
hexagon on the triangular lattice. Ciucu and Krattenthaler recently found a striking asymptotic pattern of tiling
number of hexagons with holes, called a ‘dual’ of MacMahon’s theorem. In this talk, we investigate several new
duals of MacMahon’s theorem. We also present g-analogs of these results, which enumerate the corresponding
plane-partitions-like structures by their volume. (Received September 22, 2018)

1145-05-1451 Hana Kim* (hakkail4@skku.edu), Louis W Shapiro and Gi-Sang Cheon. Stretched
Motzkin paths bounded from below and their applications.

Let S = {(a,0),(b,1),(c,—1)} be a step set where a, b, ¢ are integers such that a > 0, b,c > 0. In this paper
we enumerate the lattice paths using the step set S bounded from below by the horizontal line y = —a for a
non-negative integer a. In particular, for Motzkin paths, going down to y = —1 could be thought of as being
on probation in academic circles or being in critical condition in medical terms. We examine four types of
probationary conditions which lead to new interesting statistics on several well-known lattice paths. We adopt
Riordan group theory to enumerate several statistics on such paths. The enumeration also allows us to prove
the conjectures on the recurrence relations of several sequences posed by R. J. Mathar in OEIS. (Received
September 24, 2018)

1145-05-1485 Cheyne Homberger* (cheynehQumbc.edu). A Combinatorial Approach to Software
Testing.

The National Institute of Standards and Technology estimates that $60 billion dollars are spent each year due

to inadequate software testing, despite the fact that 50-80% of development budgets go to testing. Testing every

possible configuration is unrealistic for all but the smallest system, and so carefully designing a test strategy is

essential for identifying and fixing errors. As systems become more complex and interconnected, errors become

more difficult to detect.

A system which has thirty parameters has over a billion different configurations which must be tested to be
100% confident that the system is error-free. To reach 90% confidence, however, we need as few as 10 tests
(and a few assumptions). Combinatorial testing applies the theory of combinatorial designs to produce series
of tests which elicit errors (when they exist) efficiently and effectively. This area combines classical problems in
math research — including a centuries old false conjecture by Euler — with real-world applications. (Received
September 22, 2018)

1145-05-1496 Tian-Xiao He* (the@iwu.edu), Department of Mathematics, P. O. Box 2900,
Bloomington, IL 61702. On Sequence Characterization of Riordan Arrays.
Abstract
We present the A-sequence characterization of Riordan arrays including the Riordan arrays with B-sequences
and Pascal like matrices. The applications of sequence characterization to some centralizers of the Riordan
group and some polynomial matrices are given. The subgroups characterized by A-sequences are studied. A
combinatorial explanation of A-sequence characterization is also presented. (Received September 22, 2018)

1145-05-1500 Paul Barry* (pbarry@wit.ie), School of Science, Waterford Institute of Technology,
Waterford, X91 KOEK, Ireland. Generalized Catalan Numbers Associated with a Family of
Pascal-like Triangles. Preliminary report.
We find closed-form expressions and continued fraction generating functions for a family of generalized Catalan
numbers associated with a set of Pascal-like number triangles that are defined by Riordan arrays. We express
these generalized Catalan numbers as the moments of appropriately defined orthogonal polynomials. We also
describe them as the row sums of related Riordan arrays. Links are drawn to the Narayana numbers and
to lattice paths. We further generalize this one-parameter family to a three-parameter family. We use the
generalized Catalan numbers to define generalized Catalan triangles. We define various generalized Motzkin
numbers defined by these general Catalan numbers. Finally we indicate that the generalized Catalan numbers can
be associated with certain generalized Eulerian numbers by means of a special transform. (Received September
22, 2018)

1145-05-1502 Erik A Metz* (emetz@umd.edu), 10248 Bristol Channel, Ellicott City, MD 21042. Upper
and Lower Bounds on Zero-Sum Generalized Schur Numbers.

Let S;(k,r) be the least positive integer such that for any r-coloring x : {1,2,...,S;(k,7)} — {1,2,...,r},

there is a sequence z1,2, ..., 2k such that Zf;ll i = ), and Zi-“:l X(zi) =0 (mod r). We show that when
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k is greater than r, kr —r — 1 < S;(k,r) < kr — 1, and when r is also an odd prime, S;(k,r) is in fact equal to
kr —r. (Received September 22, 2018)

1145-05-1513 Aaron Berger* (bergeralmit.edu), Caleb Ji and Erik Metz. On the Distribution of
Range for Tree-Indexed Random Walks.

We study tree-indexed random walks for spiders, trees with one vertex of degree greater than two. Our main

result confirms a conjecture of Benjamini, Higgstrom, and Mossel for such graphs, namely that the distribution

of the range for any such tree is dominated by that of a path on the same number of edges. (Received September

22, 2018)

1145-05-1515 Eldar Fischer* (eldar@cs.technion.ac.il), Faculty of CS, Technion - Israel Institute of
Technology, 3200003 Haifa, Israel. The robustness framework for strong regularity lemmas
and the application for ordered graphs.

Since (at least) 1999, works in Combinatorics and CS used lemmas that strengthen the original Regularity

Lemma of Szemerédi, and extensions of regularity-like concepts to objects other than graphs.

Two general mechanisms have emerged. One of them is the well-known Analytic Regularity Lemma frame-
work, which substitutes arguments about graphs (or other discrete objects) with analytic arguments about the
“limit” objects.

Here TI’ll discuss the other general mechanism, that of partition robustness. For graphs, a vertex partition
to k parts is robust with respect to a function f, if it cannot be repartitioned into f(k) parts in a way that
significantly raises its index measure.

The robustness mechanism is applicable also to settings where it is hard to define a limit object. On the
other hand, it requires explicitly specifying an appropriate f, whereas the analytic framework is “function-free”.

Much of the talk will showcase the application of this framework to a recent result from a joint work with
Noga Alon and Omri Ben-Eliezer, providing a removal lemma for all hereditary properties of vertex-ordered
graphs. Despite these objects admitting no notion of isomorphism, the notion of containment is “graph-like”
enough to allow for a regularity-like scheme. (Received September 22, 2018)

1145-05-1520 Anton Bernshteyn* (abernsht@math.cmu.edu), Michelle Delcourt and Anush
Tserunyan. Independent sets in algebraic hypergraphs.

An active avenue of research in modern combinatorics is extending classical extremal results to the so-called
sparse random setting. The basic hope is that certain properties that a given “dense” structure is known to
enjoy should be inherited by a randomly chosen “sparse” substructure. One of the powerful general approaches
for proving such results is the hypergraph containers method, developed independently by Balogh, Morris, and
Samotij and Saxton and Thomason. Another major line of study is establishing combinatorial results for algebraic
or, more generally, definable structures. In this talk, we combine the two directions and address the following
problem: Given a “dense” algebraically defined hypergraph, when can we show that the subhypergraph induced
by a generic low-dimensional algebraic set of vertices is also fairly “dense”? (Received September 22, 2018)

1145-05-1537 Gi-Sang Cheon, Ji-Hwan Jung* (jh56k@skku.edu), Bumtle Kang and Suh-Ryung
Kim. Riordan digraphs and their primitivity.

Two vertices u and v are called strongly connected if there are directed walks from u to v and from v to u. A
digraph D is strongly connected if each pair in V(D) is strongly connected. A digraph D is called primitive if
there exists an integer k > 0 such that for all ordered pairs of vertices i,j € V(D), there is a walk from ¢ to j
with length k.

In this talk, we use the theory of Riordan matrices to define the notion of Riordan digraphs and then we
study their primitivity. (Received September 23, 2018)

1145-05-1539 Kassie Archer, Abigail C. Bishop, Alexander Diaz-Lopez, Luis D. Garcia
Puente, Darren Glass and Joel Louwsma* (jlouwsma@niagara.edu), Department of
Mathematics, Niagara University, P.O. Box 2044, Niagara University, NY 14109.
Arithmetical structures on Dynkin graphs D, . Preliminary report.

An arithmetical structure on a finite graph is a pair (d,r) of vectors with positive integer entries such that r is

primitive and (D — A)r = 0, where D is the diagonal matrix with entries given by d and A is the adjacency

matrix of the graph. We give a procedure that produces all arithmetical structures on the graph corresponding

to the Dynkin diagram D, for any n. We also prove results about the possible orders of critical groups of

arithmetical structures on D,,. (Received September 23, 2018)
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1145-05-1556 Jordan Buhmann, Moshe Cohen* (mcohen@vassar.edu), Alexander May and Shiyu

Shu. Realization spaces of arrangements of 11 complex projective lines. Preliminary report.
Given the combinatorial intersection data (or matroid) of a line arrangement, we study its space of geometric
realizations in the complex projective plane. We say an arrangement is “interesting” if its realization space
has at least two connected components after quotienting out by complex conjugation. The realization spaces
of arrangements of 10 and fewer lines have been classified, yielding a list of interesting arrangements; we seek
to extend this list to 11 lines. We discuss previous results on such arrangements with only double and triple
points and then report on new results for arrangements with quadruple points, as well. (Received September
23, 2018)

1145-05-1561 Marisa Gaetz* (mgaetz@mit.edu). Anti-power j-fizes of the Thue-Morse word.

Recently, Fici, Restivo, Silva, and Zamboni introduced the notion of a k-anti-power, which is a word of the form
wDew® .. -w(k), where w(l)7 w(z), ey w®) are distinct words of the same length. For an infinite word w and a
positive integer k, define AP;j(w, k) to be the set of integers m such that wj{1w;i2 - Wjtkm is a k-anti-power,
where w; denotes the i-th letter of w. Define also Fj(k) = (2Z1 — 1) N AP;(t, k), v, (k) = min(AP;(t,k)),
and T';(k) = sup((2Z* — 1) \ F;(k)), where t denotes the Thue-Morse word. In his 2018 paper, Defant shows
that vo(k) and T'o(k) grow linearly in k. We generalize Defant’s methods to prove that v;(k) and I';j(k) grow
linearly in k for any nonnegative integer j. In particular, we show that 1/10 < l}crgioréf('yj (k)/k) < 9/10 and

1/5 < limsup(y;(k)/k) < 3/2. Additionally, we show that liminf(I';(k)/k) = 3/2 and limsup(T';(k)/k) = 3.
k— o0 k—o0 k—o0
(Received September 23, 2018)

1145-05-1569 Melkamu Zeleke* (zelekem@wpunj.edu), 300 Pompton Road, Wayne, NJ 07470, and
Mahendra Jani and Louis W. Shapiro. On Combinatorial Interpretations of Shapiro’s
Identities Involving some Elements of the Bell Subgroup. Preliminary report.
The motivation for our current work is the combinatorial interpretation given to Shapiro’s identity involving
the Lagrange subgroup element (1,20(2)2), where C(z) is the generating function of the Catalan numbers.
In this talk, we provide a combinatorial proof of Shapiro’s identity involving the Central Trinomial Numbers
and the Bell subgroup element (M (z),zM (z)), where M(z) is the generating function of the Motzkin numbers,
and settle a uniqueness question Shapiro asked regarding this identity. We then look at the Bell subgroup
element (T'(z),2T(z)), where T'(z) is the generating function of the ternary numbers and provide an alternative
combinatorial interpretation of some identities involving this array using K-trees. (Received September 23,
2018)

1145-05-1573 Cyril Banderier and Michael Wallner* (michael.wallnerQtuwien.ac.at), 351 Cours
de la Libération, France, Talence, 33405. Limit laws for lattice paths with catastrophes.

In queuing theory, it is usual to have some models with a "reset” of the queue. In terms of lattice paths or
random walks, it is like having the possibility of jumping from any altitude to zero. Because of this we call them
”lattice paths with catastrophes”. These objects have the interesting feature that they do not have the same
intuitive probabilistic behaviour like classical Dyck paths (the typical properties of which are strongly related
to Brownian motion theory). In this talk we will quantify some relations between these two types of paths. We
give a bijection with some other lattice paths, show a link with a continued fraction expansion, and prove several
formulae for related combinatorial structures conjectured in the On-line Encyclopedia of Integer Sequences. Our
main tools will be the kernel method and asymptotic transfer theorems from analytic combinatorics. With these
we solve the enumeration problem and derive several limit laws for parameters like the number of returns to zero
or the size of an average catastrophe. We end with some considerations on uniform random generation. This is
joint work with Cyril Banderier. (Received September 23, 2018)

1145-05-1582 Caroline G Melles*, cgg@usna.edu, and David Joyner. Bent p-ary functions and
strongly regular graph decompositions.

In a 1991 paper, T. S. Michael showed that a decomposition of a complete graph into three isomorphic strongly
regular graphs forms an amorphic association scheme. Later, E. R. van Dam and Ja. Ju. Gol’fand, A. V. Ivanov,
and M. Klin described further connections between strongly regular graphs and amorphic association schemes.
We consider a decomposition of a complete graph on p™ vertices determined by a p-ary function of n variables.
We show that if the graphs of the decomposition have feasible degrees and determine an amorphic association
scheme, then the function is bent. Bent functions over a finite field can be thought of as maximally non-linear
functions. In the Boolean (p = 2) case, Dillon discovered a simple combinatorial condition for a function to be
bent. In graph-theoretic terms, a Boolean function is bent if and only if its Cayley graph is strongly regular
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with feasible Latin or negative Latin square type parameters. For primes p > 2, the Cayley graphs associated
with a bent p-ary function are not necessarily strongly regular. We prove a generalized Dillon-type theorem in
the other direction, giving graph-theoretic conditions which guarantee that a p-ary function is bent. (Received
September 23, 2018)

1145-05-1595 Vaughan K McDonald (vmcdonald@college.harvard.edu) and Jiyang Gao*
(gaojy98emit.edu). Generating Functions for f-vectors and the cd-index of Weight
Polytopes.

We studied the f-vector and cd-index of a weight polytope (or Wythoff polytope), which is the convex hull of
the orbit of point in space under the action of a finite reflection group. We show that a formula of Renner for
the f-vector in the Weyl group case is also valid for arbitrary reflection groups, via results of Maxwell. We then
use this to continue work begun by Golubitsky, giving generating functions for the f-vectors in all of the cases
where the weight polytope is simple. We then further apply Maxwell’s results to study the cd-index in non-
simple cases, including giving a generating function that lets one compute the cd-indices of all hypersimplices.
(Received September 23, 2018)

1145-05-1605 Alan Krinik* (ackrinik@cpp.edu), California State Polytechnic University, Pomona,
Gerardo Rubino, INRIA, Campus de Beaulieu 35042 Rennes, France, and Chon In
(Dave) Luk, Jeffrey Yeh, Samuel Lyche, Lyheng Phey, John Kath, Christine
Hoogendyk and Malachi C. Demmin. Generalized Ballot Box Problem and
Fluctuations Within a Strip.
The traditional ballot box problem is to determine the probability that candidate A is never behind candidate
B during the counting of n ballots. We consider a ballot box problem having probabilities of voting for A, B
or abstaining corresponding to one-step transition probabilities of certain types of birth—death Markov chains.
Under our assumptions, a formula for the probability that candidate A is never behind candidate B during the
counting of n ballots is determined in terms of known eigenvalues of a class of tridiagonal transition matrices P
associated with the birth—death chain.

Using explicit formulas for the nth power of P, we discuss the fluctuation probability of certain lattice paths
that are restricted to lie within a finite-width strip. We also consider the probability of staying in strip for certain
types of circular birth—death chains. If time allows, we explore known eigenvalues of more general Markov chains.
(Received September 25, 2018)

1145-05-1611 Emily J King*, king@math.uni-bremen.de. Difference Sets and Grassmannian Packings.
It is often of interest to find redundant sets of vectors which emulate orthonormal bases by having pairwise
angles as large as possible and by yielding a resolution of the identity. Such objects are called Grassmannian
frames. In this talk, a simple construction of such sets via so-called difference sets will be presented, as well as
some novel generalizations. Prior knowledge of frame theory or algebraic combinatorics will not be required to
follow the talk. (Received September 23, 2018)

1145-05-1621 Katherine Perry*, kperry56@du.edu. Rainbow Spanning Trees in Edge-Colored
Complete Graphs.

A spanning tree of an edge-colored graph is rainbow provided that each of its edges receives a distinct color.
In 1996, Brualdi and Hollingsworth conjectured that if Ks,, is properly (2m — 1)-edge-colored, then the edges
of Ko, can be partitioned into m rainbow spanning trees, except when m = 2. In this talk, we’ll look at
the history and recent results concerning this conjecture and related questions and also consider the extremal
question of maximizing and minimizing the number of rainbow spanning trees in K, given a special type of
(n — 1)-edge-coloring which is surjective and rainbow cycle free, called a JL-coloring.

Keywords: edge-coloring, complete graph, rainbow spanning tree (Received September 23, 2018)

1145-05-1639 Chetak Hossain* (chetak.hossain@gmail.com), NCSU Dept of Math, BOX 8205 NCSU,
Raleigh, NC 27695. Combinatorics of the Boolean-Catalan Numbers. Preliminary report.

The sequence OEIS A071356 is the coefficient sequence of an ordinary generating function similar to the Catalan
numbers. We show that the sequence counts several families of combinatorial objects using generating function
arguments. Specifically, a family of underdiagonal lattice paths, a family of pattern avoiding permutations, and
a family of pattern avoiding inversion sequences. Furthermore, we construct bijections between the families.
More specifically, we construct two surjective maps from all permutations to the lattice paths, whose fibers are
intervals of the weak order and the equivalence classes of an equivalence relation on posets defined using pattern
avoidance. In one case, the bottom elements of the interval are the pattern avoiding permutations in question.
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In the other case, the reverse Lehmer codes of the top elements of the intervals are the pattern avoiding inversion
sequences. (Received September 23, 2018)

1145-05-1669 Anand Pillay* (apillay@nd.edu), Department of Mathematics, University of Notre Dame,

Notre Dame, IN 46556. Regularity theorems in group environments. Preliminary report.
The talk is on work with Gabe Conant and Caroline Terry, and concerns the asymptotic behavior of subsets A
of a finite group G, sometimes under additional assumptions on the graph defined by zy € A. I will survey the
existing results and methods, and discuss new results if appropriate. (Received September 23, 2018)

1145-05-1677 Zachary Hamaker* (hamaker@umich.edu) and Victor Reiner. Weak order and descents
for monotone triangles.

Monotone triangles are a rich extension of permutations that biject with alternating sign matrices. This talk
will introduce generalizations of the weak order and descent sets for permutations to monotone triangles. It will
then explain why linear extensions of the weak order gives rise to shelling orders on a poset, recently introduced
by Terwilliger, whose maximal chains biject with monotone triangles; among these shellings are a family of
EL-shellings. The weak order is built via an action of the 0-Hecke algebra of Type A on monotone triangles.
This leads to a natural notion of descent set for monotone triangles, which will also be discussed. (Received
September 23, 2018)

1145-05-1683 Olivier Bernardi* (bernardi@brandeis.edu) and Philippe Nadeau
(nadeau@math.univ-1yonl.fr). Negative evaluations of the chromatic polynomial and its
derivatives.

The chromatic polynomial xg of a graph G evaluated at positive integer g gives the number of proper colorings

of G in g colors. We give an interpretation of the value of the derivatives of x at non-positive integers in terms

of acyclic orientations of G. Our result generalize formulas obtained by Stanley, Gessel and Sagan, Gessel and

Lass. The proof is an application of heap theory in the spirit of [Gessel 2001].

This is joint work with Philippe Nadeau. (Received September 24, 2018)

1145-05-1692 Nicole Yamzon* (nyamzon2@illinois.edu). Toric Ideals of Tiling Spaces. Preliminary
report.

Consider the set of all domino (2 x 1) tilings of an (m x n) rectangle. How can we move from one tiling to

another? In 1990 William Thurston proved that the set of two-dimensional domino tilings are connected by

flips. We will provide an analogous proof of Thurston’s result by using the language of toric ideals. (Received

September 23, 2018)

1145-05-1698 Kaave Hosseini* (kaave.hosseini@gmail.com), 3869 miramar st. 1912, la jolla, CA
92092, and Shachar Lovett, Guy Moshkovitz and Asaf Shapira. An Improved Lower
Bound for Arithmetic Regularity.
The arithmetic regularity lemma due to Green [GAFA 2005] is an analogue of the famous Szemerédi regularity
lemma in graph theory. It shows that for any abelian group G and any bounded function f : G — [0, 1], there
exists a subgroup H < G of bounded index such that, when restricted to most cosets of H, the function f is
pseudorandom in the sense that all its nontrivial Fourier coefficients are small. Quantitatively, if one wishes
to obtain that for 1 — € fraction of the cosets, the nontrivial Fourier coefficients are bounded by e, then Green
shows that |G/H| is bounded by a tower of twos of height 1/¢3. He also gives an example showing that a tower
of height Q(log1/€) is necessary. Here, we give an improved example, showing that a tower of height Q(1/¢) is
necessary. (Received September 24, 2018)

1145-05-1711 Ricardo Gémez* (rgomez@math.unam.mx), Institute of Mathematics, Area de la
Investigacién Cientifica, Circuito Exterior, Ciudad Universitaria, 04510 México, Mexico,
and Mark Daniel Ward (mdw@purdue.edu), 150 North University Street, West Lafayette,
IN 47907-2067. Asymptotic analysis of combinatorial schemas of polylogarithms.

Motivated from classification problems of countable Markov shifts in symbolic dynamics, we develop an asymp-

totic analysis program of combinatorial schemas of polylogarithm functions. For example, sequence schemas are

resolved using Flajolet’s asymptotic analysis of polylogarithms, and the multiset schema approach is to follow
the roadmap that utilizes Mellin transforms and saddle point asymptotics that is known to work for integer
partitions. In this talk the motivation and a report on the asymptotic equivalences that we have obtained will

be presented. (Received September 24, 2018)
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1145-05-1713 Jonathan J Azose and Arthur T Benjamin* (benjamin@hmc.edu), Math Department,
Harvey Mudd College, 301 Platt Blvd, Claremont, CA 91711. A Tiling Interpretation of
g-Binomial Coefficients.

We provide a combinatorial interpretation of the g-binomial coefficients as counting weighted collections of

tiled boards. Using this interpretation, we prove a new g-analogue to Lucas’ Theorem and new g-analogues to

identities on the sums of integer squares and cubes. (Received September 24, 2018)

1145-05-1728 Rachel Kirsch* (r.kirschl@lse.ac.uk). Many cliques with few edges. Preliminary
report.

The problem of maximizing the number of cliques has been studied within several classes of graphs. For example,

among graphs on n vertices with clique number at most r, the Turdan graph T)(n) maximizes the number of

copies of K for each size t. Among graphs on m edges, the colex graph C(m) maximizes the number of K;’s for

each size t.

In recent years, much progress has been made on the problem of maximizing the number of cliques among
graphs with n vertices and maximum degree at most r. The graph aK,4+1 U Kp, where n = a(r + 1) + b and
0 < b < r, was shown to maximize the total number of cliques, and is conjectured to maximize the number of
K¢’s for t > 3. This conjecture has been proven in significant cases.

In this talk, we discuss the edge analogue of this problem: which graphs with m edges and maximum degree
at most r have the maximum number of cliques? We prove in some cases that the extremal graphs again contain
as many disjoint copies of K41 as can fit, with the leftovers in another component. In the edge analogue, these
remaining edges form a colex graph. (Received September 24, 2018)

1145-05-1735 Huy Tuan Pham* (huypham@stanford.edu). Tower-type bounds for Roth’s theorem with
popular differences.
A famous theorem of Roth states that for any o > 0 and n sufficiently large in terms of «, any subset of [n]
with density a contains a 3-term arithmetic progression. Green developed an arithmetic analogue of Szemerédi’s
regularity lemma to prove that not only is there one arithmetic progression, but in fact there is some integer
d > 0 for which the density of 3-term arithmetic progressions with common difference d is at least roughly what
is expected in a random set with density «. In particular, for any €> 0, there is some ne such that for all n > ne
and any subset A of [n] with density «, there is some integer d > 0 for which the number of 3-term arithmetic
progressions in A with common difference d is at least (a® — €)n. We prove that ne grows as an exponential
tower of 2’s of height on the order of log (é) We show that the same is true if we replace the interval [n] by
any abelian group of odd order n. These results are the first applications of regularity lemmas for which the
tower-type bounds are shown to be necessary.
The results are joint work with Jacob Fox and Yufei Zhao. (Received September 24, 2018)

1145-05-1736 Michael T Engen* (engenmt@ufl.edu). Universal Permutations.

The problem of finding a shortest permutation which contains all permutations of length n dates to 1999. While
its length is known to be asymptotically quadratic in n, surprisingly little else is known. We prove a new
constructive upper bound, as well as prove a formula for the exact length of the shortest permutation containing
all emphlayered permutations of length n. (Received September 24, 2018)

1145-05-1750 Jim Haglund* (jhaglund@math.upenn.edu) and Emily Sergel. Ordered Set Partitions
and the Delta Conjecture. Preliminary report.

In 2002 the speaker and N. Loehr showed that a conjectured combinatorial formula for the bigraded Hilbert
series of the space of diagonal harmonics can be expressed more compactly as a sum over permutations. This
uses Haiman’s Theorem that the bigraded character is a certain symmetric function defined using Macdonald
polynomial operators. In this talk we show that there is a corresponding formula associated to the Delta
Conjecture of the speaker, Remmel, and Wilson. The formula says that a certain sum over parking functions
with q,t weight equals a more compact sum over ordered set partitions. (Received September 24, 2018)

1145-05-1753 Nima Anari, KuiKui Liu, Shayan Oveis Gharan and Cynthia Vinzant*
(clvinzan@ncsu.edu). Completely log-concave polynomials and applications to matroids.

A completely log-concave polynomial is a real polynomial whose logarithm defines a concave function over the

positive orthant and whose derivatives also have this property. Examples include stable polynomials and the

basis-generating polynomials of matroids. Complete log-concavity is preserved under several operations and

implies strong inequalities on the coefficients of polynomials. We use this to find inequalities on numbers of
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independent sets of matroids and an approximation algorithm for counting the number of bases in polynomial
time. (Received September 24, 2018)

1145-05-1784 Megan A. Martinez* (mmartinez@ithaca.edu), mmartinez@ithaca.edu. On the
enumeration of pattern-avoiding inversion sequences.

Permutations that avoid given patterns have been studied in great depth for their connections to other fields

of mathematics, computer science, and biology. From a combinatorial perspective, permutation patterns have

served as a unifying interpretation that relates a vast array of combinatorial structures. Recently, the study

of patterns has been applied to inversion sequences; these are integer sequences (e1,...,en) with 0 < e; < @
for each ¢. This application is motivated by the natural correspondence between permutations and inversion
sequences, where for each mima ... 7, € Sp, we can associate an inversion sequence (e1,e2,...,ep) such that
e, = {7 | J < im > m}|. In this talk, we will discuss the recent advancements in the enumeration of

pattern-avoiding inversion sequences, introduce new bijections between permutations and inversion sequences,
and present remaining open questions. (Received September 24, 2018)

1145-05-1794 Michael C. Strayer* (mcs80@live.unc.edu). Minuscule Kac-Moody settings unified by
new poset coloring properties.

R.M. Green axiomatically defined full heap posets and used them to build elegant minuscule-like doubly infinite
representations of many affine Kac-Moody algebras. Two other classes of colored posets, namely minuscule
and d-complete posets, have also been used in many applications to Lie theory. For instance, the d-complete
posets correspond to “dominant A-minuscule” elements of Kac-Moody Weyl groups. We present new poset
coloring properties that unify the above three classes of colored posets. They can be used to characterize
various Kac-Moody (sub)algebra representations. These include the full heap representations of Green, the
minuscule representations of semisimple Lie algebras, and the Demazure modules of dominant minuscule Weyl
group elements. We give the Dynkin diagram-indexed classifications of the colored posets that satisfy the two
most important sets of these properties. (Received September 24, 2018)

1145-05-1806 Carolyn Mayer* (cdmayer@upi.edu) and William J. Martin. A Graph Connectivity
Problem Based on Low-degree Luby Transform Codes. Preliminary report.

Luby Transform (LT) codes are a class of rateless erasure codes in which information is encoded by constructing a

bipartite graph dynamically according to a specified degree distribution. The efficiency of an LT code varies with

the design of the degree distribution. We investigate a graph connectivity problem related to the decodability

of an LT code with a degree distribution restricted to low degrees. (Received September 24, 2018)

1145-05-1861 Laura Eslava* (laura.eslava@math.gatech.edu), 686 Cherry St. NW, Atlanta, GA
30313, and Louigi Addario-Berry (louigi.addario@mcgill.ca), 1005-805 Rue
Sherbrooke O., Montreal, Quebec H3A 2K6, Canada. Top-down or bottom-up: A tale of
correspondences.

In this talk, we compare two random processes that start with isolated components and output a single connected

entity. More precisely, tree-growth processes — a top-down construction— and discrete coalescents —a bottom-up

construction.

The main subject is a correspondence between a non-binary tree representation of Kingman’s coalescent and
recursive trees; both are uniform outputs in their respective combinatorial classes. Surprisingly, this instance of
fragmentation/coagulation duality requires that we break the natural symmetry in coalescent processes, which
contrasts with a well-know bijection between recursive trees and binary search trees (rotation correspondence).

We conclude by introducing a non-increasing tree-growth process that opens exciting avenues of research.
This talk is based on joint work with Louigi Addario-Berry. (Received September 24, 2018)

1145-05-1876 Keith J. Copenhaver* (keithcQufl.edu). Vertical Paths in Simple Varieties of Trees.
We will call a path between v1 and v2 in a rooted tree vertical if v2 is contained in the subtree rooted at v1, or
vice versa. Many different tree statistics pertain to the length of vertical paths with restricted endpoints; height
is the length of the longest vertical path, the depth of a vertex is the length of the (necessarily vertical) path
from the root to that vertex, path length is the sum of the lengths of all vertical paths starting at the root, and
rank is the length of the shortest vertical path from a vertex to a leaf.

We will examine the expected length of vertical paths in simply generated trees and how this expectation
changes if we impose restrictions upon the endpoints of the paths. How much longer can we expect a uniformly
selected path to be if we insist the bottom vertex is a leaf? What about if the top vertex is the root? How does
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this vary in different tree structures? We also give asymptotic formulas for the kth moment of the length of a
uniformly selected vertical path. (Received September 24, 2018)

1145-05-1877 Chen Wang* (chen.wang@univie.ac.at). The Borwein Conjecture: An ezercise in
utilizing the saddle point method. Preliminary report.

In this talk, I will describe some observations, heuristics, and techniques involved in my proof of the Borwein

Conjecture, in the framework of the saddle point method. (Received September 24, 2018)

1145-05-1886 Jennifer J Quinn* (jjquinn@uw.edu), 1900 Commerce Street, Box 358436, Tacoma, WA
98402. A Singular Way with Words.

T. S. Michael will be particularly remembered for his precise exposition both as a presenter and an author. This

talk will explore T.S.’s remarkable wordsmithing skills from his use of language in mathematical contexts to

childhood combinatorial word puzzles. (Received September 24, 2018)

1145-05-1888 Zhu Cao* (zcao@kennesaw.edu), Department Of Mathematics, Kennesaw State University,

Marietta, GA 30060. An Unusual Identity from Ramanujan’s Notebooks.
In this talk, we discuss a unique identity, Entry 27 in Ramanujan’s notebook IV. We give natural representations
of both sides of the identity in terms of different binary quadratic forms. By finding a symmetric property
between different quadratic forms, we derive a list of beautiful identities. As applications, we provide the proofs
of two identities among Ramanujan’s forty identities for the Rogers-Ramanujan functions in a similar way. At
the end of the talk, We present some new identities for the Rogers-Ramanujan functions using quadratic forms.
(Received September 24, 2018)

1145-05-1908 Addie E. R. Armstrong* (aarmstro@norwich.edu), Department of Mathematics, 158
Harmon Drive, Northfield, VT 05663. Steinberg’s Conjecture is almost true?

A famous conjecture of Steinberg posited that all planar graphs containing no 4-cycles or 5-cycles are 3-colorable.
The conjecture was demonstrated to be false in 2016 by Cohen-Addad et. al. This begs the question: How close
to 3-colorable are Steinberg-type graphs? In this talk, we introduce a stronger form of defective coloring, discuss
its application to Steinberg-type graphs, and demonstrate that the known counterexample to the conjecture is,
in fact, colorable with this new form of defective coloring, hinting at the fact that Steinberg’s original conjecture
was very close to true. (Received September 24, 2018)

1145-05-1909 So6ren Berg, Katharina Jochemko and Laura Silverstein*
(laura.silverstein@tuwien.ac.at), 39 E 12th Street #811, New York, NY 10003. Ehrhart
Tensor Polynomials.
Ehrhart tensor polynomials, a natural generalization of the Ehrhart polynomial of a lattice polytope, were
introduced in a joint paper with Monika Ludwig. Here we investigate their coefficients and give Pick-type
formulas, for the vector and matrix cases, in terms of triangulations of the given lattice polygon. The notion
of the Ehrhart h*-polynomial is extended to h”"-tensor polynomials and, for matrices, their coefficients are
studied for positive semidefiniteness. In contrast to the classic h*-polynomial, the coefficients are not necessarily
monotone with respect to inclusion. Positive semidefiniteness is still proven in dimension two and, based on
computational results, conjectured in higher dimensions. This work was done jointly with Séren Berg (TU
Berlin) and Katharina Jochemko (KTH Stockholm). (Received September 24, 2018)

1145-05-1917 Julie Yuan*, yuanx254@Qumn.edu, and Teresa Yu, Frances Dean and Ivan Aidun.
Graphs of Gonality Three.

In 2013, Chan classified all metric hyperelliptic graphs, proving that divisorial gonality and geometry gonality

are equivalent in the hyperelliptic case. We show that such a classification extends to combinatorial graphs of

gonality three, under certain edge-connectivity assumptions. We also give a construction for graphs of gonality

three, and provide conditions for determining when a graph is not of gonality three. This work was done this

summer as part of the SMALL REU in Mathematics. (Received September 24, 2018)

1145-05-1920 Jinha Kim, Ryan M. Martin, Tomas Masarik, Warren Shull, Heather C Smith*
(hcsmith@davidson.edu), Andrew Uzzell and Zhiyu Wang. Local Dimension of a
Poset. Preliminary report.

The original notion of poset dimension is due to Dushnik and Miller (1941). In 2016, Uerckerdt proposed

a variant, called local dimension, which has garnered considerable interest. A local realizer of a poset P is

a collection of partial linear extensions of P that cover its comparabilities and incomparabilities. The local
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dimension of P is the minimum frequency of a local realizer where frequency is the maximum multiplicity of an
element of P.

We survey a number of recent results for local dimension, highlighting the following. Hiraguchi (1955) proved
that any poset with n points has dimension at most n/2, which is sharp. We prove that the maximum local
dimension of a poset with n points is ©(n/logn). Our lower bound uses probabilistic methods to extend a
theorem of Chung, Erdds, and Spencer (1983): There is an n-vertex bipartite graph in which each difference
graph cover of the edges also covers one of the vertices Q(n/logn) times. (Received September 24, 2018)

1145-05-1926 Charles J. Kicey* (ckicey@valdosta.edu), Valdosta, GA , and Shaun V. Ault
(svault@valdosta.edu), Valdosta, GA. Fourier Methods to Analyze Lattice Path
Progressions.

We use the most basic Fourier methods to analyze the detail and asymptotic behavior for certain restricted
lattice path progressions. We will see how the method accepts various types of path moves, and generalizes
nicely to higher dimensions. (Received September 24, 2018)

1145-05-1932 Shaun V. Ault* (svault@valdosta.edu), Valdosta, GA , and Joanne A. Wardell
(jawardell@valdosta.edu), Valdosta, GA. Toward an Understanding of Skewed-Top
Corridors. Preliminary report.
Consider lattice paths in Z? starting at the point (0,1) that remain strictly above the x-axis, below a line of
positive slope in the first quadrant, and whose allowable moves are up-right and down-right. We say that such
lattice paths exist within a skewed-top corridor. The number such paths ending at each point within the skewed-
top corridor may be arranged into an array. We have found that the diagonal sequences within a dualized version
of this array exhibit a predictable pattern in which certain subsequences have degree given by an explicit formula.
The formulas for starting/ending points of each subsequence and degree depend only on the parameters of the
skewed-top corridor and not the values of the corridor numbers themselves. (Received September 24, 2018)

1145-05-1933 Michael Ferrara, Bill Kay, Lucas Kramer, Ryan M. Martin, Benjamin Reiniger,
Heather C. Smith* (hcsmith@davidson.edu) and Eric Sullivan. Saturation for Induced
Subposets.

Graph saturation was first introduced in 1964 by Erdds, Hajnal, and Moon. The notion of saturation can be
extended to posets as follows: Fix a target poset P. A family F of points in the Boolean lattice is called
P-saturated if (1) F contains no copy of P as an subposet and (2) every strict superset of F contains a copy
of P as an subposet. For each n, the saturation number for P is the size of the smallest family in B, which is
P-saturated.

Gerbner et. al. (2013) first studied saturation for the chain. We bound the induced saturation number for
several small posets and prove a logarithmic lower bound for the saturation number for posets from a rich infinite
family. (Received September 24, 2018)

1145-05-1934 Louis Deaett* (louis.deaett@quinnipiac.edu). Matroids and the minimum rank of a
matriz pattern. Preliminary report.

If we don’t know the entries of a matrix, but we do know which of them are zero, what can we say about the rank
of the matrix? Depending on the pattern of zeros and non-zeros, sometimes we can give the rank exactly. If not,
we can still ask how small the rank could be. This is a combinatorial question about rank, so it’s natural to ask
what what we can find out from the perspective of matroid theory. The answer, as it turns out, is quite a bit.
And by taking this perspective, we can gain a better understanding of some previous results about this problem,
extend them a bit, and even generalize the question itself to different matroid-theoretic contexts. (Received
September 24, 2018)

1145-05-1951 Songul Aslan* (sonas@vt.edu), 1828 Grayland Srtreet Apt 6, Blacksburg, VA 24060.
Combinatorial curve neighborhoods of the affine flag variety of type Al .
Let X be a flag manifold. Given a (multi)degree d and a subvariety Q of X, the curve neighborhood of €2 is the
union of all rational curves in X of degree d incident to 2. Buch and Mihalcea introduced this notion in order
to study the quantum cohomology and quantum K theory rings of the flag manifold X. Calculations of curve
neighborhoods are equivalent to the combinatorial problem of finding certain maximal paths in the Bruhat graph
of X. This combinatorial point of view extends beyond the ordinary flag manifolds, and I will explain how one
can calculate curve neighborhoods of Schubert varieties in the affine flag variety of Lie type AL. In general, the
curve neighborhood of a given Schubert variety is a union of ‘larger’ Schubert varieties. In many cases we prove
that all these Schubert varieties have the same dimension, and they are enumerated by certain roots in the affine
root system. This is a joint work with Leonardo Mihalcea. (Received September 24, 2018)
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1145-05-1953 Anastasia Chavez* (anachavez@math.ucdavis.edu), Jesis A. De Loera, Ana Paulina
Figueroa, Yuanbo Li, Edgar Possani and Lingyun Ye. Polyhedral cones generated by
cycles of a graph.

The cycles of a graph G generate two combinatorial objects:

(1) a polyhedral cone Cg we call the cone of cycles of G, where cycles are the extreme rays of C¢, and

(2) an integral semigroup Sg(G) we call the semigroup of cycles of G, where cycles of G are the
generators of Sg(G).

Studying these objects is motivated by the simplicity that a cone and semigroup perspective can offer for
several open questions in graph theory. For example, the Double Cover conjecture asserts any graph G has a
cycle covering such that every edge of G is contained in exactly two cycles. In terms of semigroups, this simplifies
to the equivalent statement that (2,...,2) € Sg(G) for all G.

In this talk we describe some properties and algorithms of the cone and semigroup for an undirected graph.
(Received September 24, 2018)

1145-05-1958 Runrun Liju, Sarah Loeb* (sloeb@hsc.edu), Martin Rolek, Yuxue Yin and Gexin
Yu. DP-coloring of planar graphs without 4-,9-cycles and two cycles from {5,6,7,8}.

A generalization of list-coloring, now known as DP-coloring, was recently introduced by Dvotfdk and Postle. In
list coloring, adjacent vertices cannot receive identical colors. In the assignment for a DP-coloring, this restriction
is replaced by a restriction given by an arbitrary matching between the lists of available colors. Although list-
coloring results do not always extend to DP-coloring results, several results on list-coloring of planar graphs
have been extended to the setting of DP-coloring. We prove that if {a,b} is one of {5,6},{5,7},{6,7},{6,8},
or {7,8}, then every planar graph without cycles of lengths {4, a,b,9} is DP-3-colorable. (Received September
24, 2018)

1145-05-1959 Catherine Lee* (catherine.leeQyale.edu), 206 Elm Street #203555, New Haven, CT
06520-3555, and Henry Reichard, David Townley, Ross Berkowitz and Patrick
Devlin. Expected Chromatic Number of Random Subgraphs.

Given a graph G and p € [0,1], let G, denote the random subgraph of G obtained by keeping each edge

independently with probability p. Alon, Krivelevich, and Sudokov proved E[x(Gp)] > Cp%, and Bukh

asked if this could be improved to E[x(Gp)] > CP%. We propose the stronger conjecture that if p < 1/2,
then among all graphs of fixed chromatic number, the quantity E[x(Gp)] is minimized by the complete graph.
We prove this stronger conjecture when G is planar or x(G) < 4. We also consider weaker lower bounds on
E[x(Gp)] proposed in a recent paper by Shinkar. We answer two open questions posed by Shinkar negatively and
consider a possible refinement of one of them. We conclude with an original spectral lower bound on E[x(Gp)].

(Received September 24, 2018)

1145-05-1977 Alexander Burstein (aburstein@howard.edu), Department of Mathematics, Howard
University, Washington, DC 20059, Hana Kim (hakkail4@skku.edu), Department of
Mathematics, Sungkyunkwan University, South Korea, and Louis W. Shapiro*
(1shapiro@howard.edu), Department of Mathematics, Howard University, Washington, DC
20059. Involutions and Pseudoinvolutions in the Riordan Group. Preliminary report.
We start with the basic definitions and the reasons to study pseudoinvolutions. Included are my favorite top ten
pseudoinvolutions. We then look at some recent elementary methods for creating involutions and pseudoinvolu-
tions. The first introduces palindromes, and this unified approach yields the classical cases as well as bringing
in new examples, some with interesting combinatorial interpretations. The second approach generalizes the Lah
numbers with every Riordan group element producing two pseudoinvolutions. Finally, we look at the relevant
A- and B-sequences, where we have a mix of new results and open questions. (Received September 24, 2018)

1145-05-1991 Daryl R. DeFod* (ddeford@mit.edu), MIT Stata Center, 32 Vassar St., 32-D475A,
Cambridge, MA 02139. Matched Products and Stirling Numbers of Graphs.

In this talk I will introduce the matched product for graphs, motivated by a popular construction for modeling
multiplex networks. The matched product depends on consistent labelings of the nodes in the component graphs
and recovers the Cartesian, rooted, and hierarchical products as special cases. I will prove conditions for the
product to be planar, Hamiltonian, and Eulerian in terms of the corresponding properties of the component
graphs and consider the related problem of computing the probability that a random relabeling of a given graph
preserves each property. For example, the number of path labelings whose product is planar is given by the
square permutations.
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In addition to these traditional graph-theoretic properties, the matched product naturally defines several
families of graphs whose Stirling numbers of the first kind can be enumerated in terms of the layer values.
We provide explicit examples of these families and provide combinatorial proofs in terms of the Pell numbers.
(Received September 24, 2018)

1145-05-2013 Seungho Lee* (slee.ngc224@gmail.com), Pine Brook, NJ 07058. Combinatorial Identities
in Graph Theory.

By simple counting arguments, we will prove a few novel combinatorial identities. One has to do with writing

an integer power as a sum of multinomial coefficients. The others are about the number of connected labeled

graphs. (Received September 24, 2018)

1145-05-2030 Kenneth Barrese* (barresek@alma.edu). Adjusting p, q-analogues of m-level Rook
Placements.

Karen Briggs and Jeff Remmel proposed a p, g-analogue of the m-level rook numbers which extended to an
analogue of the m-level hit numbers. For singleton boards, a special subset of Ferrers boards, they proved that
the p,g m-hit polynomial has non-negative coefficients. By adjusting the definition of the p and ¢ statistics
slightly, we can extend the conclusion, establishing that the p,g m-hit polynomials of all Ferrers boards will
contain only non-negative coefficients. Furthermore, although the adjustment changes the p,q m-level rook
numbers of singleton boards, it does preserve the equivalence classes of singleton boards established by the
traditional definitions of the p and ¢ statistics. (Received September 24, 2018)

1145-05-2041 Bin Yeh* (byeh@vcu.edu) and Chris Rodger (rodgec1@auburn.edu). The Intersection
Problem for Latin Rectangles.

For positive integers r,n with » < n, a latin rectangle is an r X n array of n symbols in which each symbol occurs
exactly once in each row and at most once in each column, and each cell contains exactly one symbol. If L is a
latin rectangle then let L; ; denote the symbol in cell (i,5) of L. Let R and Q be r X n latin rectangles. The
intersection number of R and @ is defined to be I(R,Q) = |{(4,5) | 1 <3 <71 <j<n,Ri; = Qi }. The
problem of determining the set of all the possible intersection numbers is referred as the intersection problem.
In this paper the intersection problem for latin rectangles is completely solved. (Received September 24, 2018)

1145-05-2051 Frederic Meunier and Shira Zerbib* (zerbib@umich.edu), University of Michigan,
Department of Mathematics, Ann Arbor, MI 48109. Envy-free division of a cake without
the "hungry players” assumption.

Consider n players having preferences over a rectangular cake, identified with the interval [0,1]. A classical

theorem due to Stromquist ensures that under some conditions it is possible to divide the cake into n interval

pieces and assign one piece to each player in an envy-free manner, such that no player strictly prefers a piece
that has not been assigned to him. One of these conditions, which has been always considered as crucial, is that
the players are ”hungry”: in every partition of the cake, every player prefers a non-empty piece. We prove that
it is still possible to get an envy-free division even if this condition is not satisfied, when the number of players is
prime or equal to 4. This was conjectured by Erel Segal-Halevi, who proved it for at most 3 players. The main
step in our proof is a new combinatorial lemma in topology, which is reminiscent of the Sperner lemma: Instead
of restricting the labels that can appear on each face of the simplex, the lemma considers labelings that enjoy a
certain symmetry on the boundary. (Received September 24, 2018)

1145-05-2059 Katie Haymaker* (kathryn.haymaker@villanova.edu). Counting restricted tilings of
rectangular arrays and applications.

How many ways are there to tile a rectangular board with a variety of tiles? In this talk we will derive a recursive

formula for the number of tilings of a 2 X n board with squares, dominoes, and I-trominoes, along with a formula

for the 3 X n board tiled with squares and dominoes. We will then consider restricted tilings of an m X n board

and discuss applications to a particular problem in coding theory. (Received September 24, 2018)

1145-05-2066 Edinah K. Gnang*, Johns Hopkins University, Whiting School, of Engineering,
Baltimore, MD 21218-2608. Growing Graceful Trees.

We describe constructions based on Gaussian elimination for listing and enumerating special induced edge label

sequences of graphs. We also describe and algorithm for obtaining all graceful labelings of a given graphs. This

talk is based on joint work with Isaac Wass. (Received September 24, 2018)
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1145-05-2073 Susan Margulies*, margulieQusna.edu, and Angelika Wiegele, Elisabeth Gaar and
Daniel Krenn. Hilbert’s Nullstellensatz, the Positivstellensatz and Vizing’s Congjecture.
Preliminary report.

Vizing’s conjecture (open since 1968) states that the product of the domination numbers is less than or equal to

the domination number of the product graph. In this talk, we report on progress modeling this conjecture as a

system of polynomial equations, and then computing via both linear algebra and Hilbert’s Nullstellensatz and

semi-definite programming and the Positivstellensatz. (Received September 24, 2018)

1145-05-2103 Caroline J Klivans* (klivans@brown.edu). Geometric and topological combinatorics in
chip-firing.

Chip-firing processes are discrete dynamical systems. A commodity (chips, sand, dollars) is exchanged between

sites of a network according to simple local rules. Although governed by local rules, the long-term global behavior

of the system reveals unexpected properties. I will discuss some of the ways in which geometric and topological

combinatorics arise in the theory of chip-firing. (Received September 24, 2018)

1145-05-2118 Larry Ericksen* (larryericksen@gmail.com), P.O. Box 172, Millville, NJ , and Karl
Dilcher. The combinatorics of lattice paths and tilings associated with b-ary Stern
polynomials.

A b-ary Stern sequence is defined as the number of ways of writing a positive integer as the sum of powers of
an integer b, with each power being used at most b times. As analogues of these number sequences, we create
polynomials which explicitly encode these hyper b-ary representations.

Recursive Lucas sequences, like the Fibonacci numbers, are identified as subsequences in these b-ary sequences.
We then interpret their associated combinatorics in terms of lattice paths, tilings and posets. The tilings use
squares and dominoes, while the lattices include steps of weighted Delannoy paths. (Received September 24,
2018)

1145-05-2158 Kaitlyn B. Myers*, 201 Mullica Hill Road, Glassboro, NJ 08028, and Madeline P.
Crews, Michael T. Urbanski and Breeann M. Wilson. The Game of Best Choice and
Some Variations.

In the famous Secretary Problem, it is known that the optimal strategy is a positional strategy. More precisely,

the interviewer should reject approximately the first 1/e or 37% of the candidates and then choose the next best

person. We present various non-uniform distributions of the Secretary Problem by changing its constraints. One

variation will be a pattern avoidance that keeps a positional strategy, but changes the probability of winning,

while another allows for ties among the candidates. (Received September 24, 2018)

1145-05-2165 Charles Camacho, Silvia Ferndndez-Merchant, Marija Jelic, Rachel Kirsch,
Linda Kleist, Elizabeth Bailey Matson and Jennifer White*
(jennifer.white@stvincent.edu). Bounding the tripartite-circle crossing number of
complete tripartite graphs. Preliminary report.

A tripartite-circle drawing of the complete tripartite graph K n,p is a drawing in the plane, where each part

of the vertex partition is placed on one of three disjoint circles, and the edges do not cross the circles. The

tripartite-circle crossing number cre3(Km,n,p) of Km n,p is the minimum number of crossings among all tripartite

cylindrical drawings of K n,p. We bound cre3(Km,n,p) and cre3(Knn,n). (Received September 24, 2018)

1145-05-2170 Lily Silverstein* (1silver@math.ucdavis.edu). Random Monomial Ideals.

Probability is a now-classic tool in combinatorics, especially graph theory. Some applications of probabilistic
techniques are: describing the typical/expected properties of a class of objects, uncovering phase transitions
and sudden thresholds in the dependence of one property on another, and producing examples of extremal or
conjectured objects.

I’ll introduce some random models for monomial ideals, which generalize existing models for graphs and
simplicial complexes, and give a sample of results from the three categories mentioned above. In particular, I’ll
describe several algebraic invariants (e.g., Krull dimension and projective dimension) which exhibit interesting
thresholds in the model parameters.

This talk is based on two papers:

Random Monomial Ideals, with Jestis A. De Loera, Sonja Petrovi¢, Despina Stasi, and Dane Wilburne.
Preprint: arXiv:1701.07130, to appear in Journal of Algebra, and

Average Behavior of Minimal Free Resolutions of Monomial Ideals, with Jestis A. De Loera, Serkan Hosten,
and Robert Krone. Preprint: arXiv:1802.06537, to appear in Proceedings of the AMS. (Received September
24, 2018)
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1145-05-2188 Christopher Hoffman, Douglas Rizzolo* (drizzoloQudel.edu) and Erik Slivken.
Probabilistic aspects of pattern avoiding permutations.

This talk will discuss recent work connecting random pattern avoiding permutations to classical universal objects

in probability. We will focus on connections between patterns avoiding a monotone pattern and random walks in

cones and how this connection can be exploited to analyze the structure of typical large permutations avoiding

a monotone pattern. Emphasis will be given to the enumerative implications of the resulting probabilistic

statements. (Received September 25, 2018)

1145-05-2195 Ae Ja Yee*, 327 McAllister, State College, PA 16801. Euler’s partition theorem for all
moduli and a generalization of the lecture hall partition theorem. Preliminary report.

One of the well-known partition theorems is Euler’s theorem on partitions into distinct parts and partitions into
odd parts. Various refinements and generalizations of the theorem can be found in the literature. For instance,
the lecture hall partition theorem is its finite version. Recently, Keith and Xiong showed another generalization
of Euler’s theorem. Motivated by their work, we consider a finite version of their generalization, which yields the
lecture hall partition theorem. This talk is based on joint work with S. Fu and D. Tang. (Received September
25, 2018)

1145-05-2238 Lauren Keough*, keoulaur@Qgvsu.edu. A Collection of Extremal Problems for Counting
Parameters of Graphs.

In 1941 Turan proved a result about the maximum number of edges in an n vertex, K,-free graph - that is, a

graph that has no complete subgraph on r vertices. One could ask instead for the maximum number of K,’s

possible in an n vertex graph with e edges. We focus on results of this type, including minimizing matchings in

graphs with n vertices and e edges and maximizing independent sets in hypergraphs with n vertices and e edges.

Open problems will be mentioned. (Received September 25, 2018)

1145-05-2243 Emina Soljanin* (emina.soljanin@rutgers.edu). The Service Rates of Codes and Vertex
Covers of Graphs.

Coding has traditionally been used in transmission and storage of data to provide reliability in a more efficient
way than simple replication. The traditional performance indicators of codes are the minimum distance and the
code rate. More recently, special codes have been developed that also provide efficient maintenance of storage
under node failures. In addition to the traditional performance indicators, the properties of codes that matter in
such scenarios are the code locality and availability. Emerging applications, such as distributed learning and fog
computing, are adding yet another use for coding. In these applications, the goal is to maximize the number of
users that can be simultaneously served by the system. One such service is simultaneous download of different
jointly coded data blocks by many users competing for the system’s resources. Here, coding affects the rates at
which users can be served. This talk will define the service rates of codes as new performance indicators, survey
the existing literature, and show a connection between optimizing the code service rates to the graph vertex
cover problem. (Received September 25, 2018)

1145-05-2246 Melanie Dennis*, 27 N Main Street, Kemeny Hall, Hanover, NH 03755. Lewis Carroll
and the Red Hot Potato.

The Lewis Carroll identity expresses the determinant of a matrix in terms of subdeterminants obtained by
deleting one row and column or a pair of rows and columns. Using the matrix tree theorem, we can convert
this into an equivalent identity involving sums over pairs of forests. Unlike the Lewis Carroll Identity, the Forest
Identity involves no minus signs. Using the Involution Principle, we can pull back Zeilberger’s proof of the Lewis
Carroll Identity to a bijective proof of the Forest Identity. This bijection is implemented by the Red Hot Potato
algorithm, so called because the way edges get tossed back and forth between the two forests is reminiscent of
the children’s game of hot potato. (Received September 25, 2018)

1145-05-2268 Alexander Diaz-Lopez* (diazlopezalexander@gmail.com), 800 Lancaster Ave,
Villanova, PA 19006. Peak polynomials and their coefficients.

We say that a permutation 7 = mym2 -7, € &, has a peak at index 4 if ;1 < m; > m;+1. Let P(7) denote
the set of indices where 7 has a peak. Given a set S of positive integers, we define P(S;n) = {7 € &, : P(7) =
S}. In 2013 Billey, Burdzy, and Sagan showed that for subsets of positive integers S and sufficiently large n,
|P(S;n)| =ps (71)2”"3"1 where pg(z) is a polynomial depending on S called the peak polynomial associated to
S. In this talk we will study peak polynomials, their roots, peak positivity conjecture, as well as a combinatorial
interpretation for the coefficients of pg(z) when written in a binomial basis. (Received September 25, 2018)
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1145-05-2293 Naiomi T. Cameron* (ncameron@lclark.edu). Riordan Group Techniques on Linear
Chord Statistics. Preliminary report.

A linear chord diagram is a partition of {1,2,3,...,2n} into n blocks of size two called chords. By counting

linear chord diagrams by the number of blocks containing consecutive elements, or “short chords,” we obtain an

exponential Riordan array which can be thought of as a generalization of the Narayana number triangle. We

show that this array is indeed Riordan and use it as a vehicle to make a number of other observations about

linear chord statistics. (Received September 25, 2018)

1145-05-2328 Kassie Archer* (karcher@uttyler.edu), 3900 University Blvd., Tyler, TX 75799, and
Megan Martinez. Statistics on rooted trees. Preliminary report.

We say a labelled tree is a rooted tree if there is a special vertex designated to be the root. Various statistics

on rooted trees have been studied, including inversions, descents, leaders, and more. It is known that certain

statistics are equally distributed among the set of rooted trees. In this talk, we discuss certain statistics and use

bijective techniques to show that they are equally distributed on the set of rooted trees. (Received September

25, 2018)

1145-05-2357 Therese Aglialoro and Robert Hochberg* (hochberg@udallas.edu), 1845 E. Northgate
Drive, Irving, TX 75062. Snakes: Legal, Illegal and Dodecahedral.

The Megaminx puzzle is a dodecahedral variant of the Rubik’s cube. We characterize the snakes that can be

obtained on the Megaminx puzzle, as well as those that cannot, unless one swaps two edges when nobody is

looking, which we have done. The solution makes use of linear algebra, polygon geometry and group theory, all

accessible to a bright undergraduate. (Received September 25, 2018)

1145-05-2359 Oscar Levin* (oscar.levin@unco.edu), University of Northern Colorado, School of
Mathematical Sciences, Greeley, CO 80639. Coloring hypergraphs is harder than coloring
graphs.

To measure the complexity of graph coloring problems for infinite graphs, you can restrict to computable graphs

and ask whether there is a computable coloring of optimal size. For example, it has long been known that

there is a computable connected graph with chromatic number 3 with no computable 3-coloring (indeed with
no computable k-coloring for any k). However, any computable connected graph with chromatic number 2 does
have a computable 2-coloring. In this talk we will consider another way in which 3 is more complicated than

2: what happens when the number of vertices per edge increases to 37 We consider 3-uniform hypergraphs

with (weak) chromatic number 2 and see that even if the hypergraph is highly computable, there need not be a

computable 2-coloring. (Received September 25, 2018)

1145-05-2408 Xiao Xie*, xxie6@Qjhu.edu, and Elanor West. Multi-Step Strategies for Rendezvous
Search on the Platonic Solids. Preliminary report.

The Astronaut Problem is an open problem in the field of rendezvous search. The premise is two astronauts
randomly land on a planet and want to find each other. Research explores what strategies accomplish this in
the least expected time. To investigate this problem, we create a discrete model which takes place on the edges
of the Platonic solids. Some baseline rules of the model are (1) the agents can see all of the faces around them.
(2) they travel along the edges from node to node and cannot jump. (3) they move at a rate of one edge length
per unit time. We first explore an unbiased random walk strategy where the agents move randomly on each
turn. We then explore multi-step strategies, which are strategies where both agents move randomly for one step,
and then follow a pre-determined sequence. We compare the performance of these strategies on all of the solids.
For the cube and octahedron specifically, we are able to prove optimality of the ”Left Strategy”, in which the
agents move randomly and then turn left. In addition, we compare results across the solids, looking for patterns
that can give insight into a possibly optimal strategy for the sphere. Most of the calculations were done using
first-order Markov Chains. (Received September 25, 2018)

1145-05-2411 Berit Nilsen Givens* (bngivens@cpp.edu). A sequence of integrals of Fibonacci
polynomials. Preliminary report.

The Fibonacci polynomials, by analogy with Fibonacci numbers, are defined recursively: Fi(z) =1, Fa(z) = z,
and Fp(x) = Fh—1(x) + Fn—2(z). Unsurprisingly, the Fibonacci polynomials F,(z) have many interesting
properties. Here we consider the sequence of numbers e(n) = fooo F,(z)e”® dz, whose first few terms are
1,1,3,8,31,147. We give an overview of some basic facts about the sequence e(n), including both recursive and
nonrecursive formulas. Finally, we investigate the sequences obtained by considering e(n) modulo a prime p and
compute the p-adic valuation of e(n) for a few example values of p. (Received September 25, 2018)
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1145-05-2459 Mark Budden and Elijah DeJonge* (ehdejongel@catamount.wcu.edu). Destroying the
Ramsey Property by the Remowval of Edges.

If the Ramsey number of two graphs G and H is m, then a two-coloring of a K, (using red and blue) will

contain either a red copy of G or a blue copy of H. However, there exists a two coloring of K, _1 that does

not contain a red G or blue H. So, the removal of a vertex from a two-colored K, is enough to destroy the

Ramsey Property. In this talk, we will examine the destruction of the property by the removal of edges from

Kn. (Received September 25, 2018)

1145-05-2463 Anna C. Truman* (trumanac1@gcc.edu), Grace C. Shook and Caleb T. Scutt.
Number Sequences for Truncated and Bitruncated Cross-Polytopes.

Polytope numbers are sequences of nonnegative integers constructed from the geometry of a polytope. Truncation
is a geometric process that cuts each vertex of a polytope along adjacent edges until one-third of each edge
remains. Building on prior research and geometric processes presented by Dr. H.K. Kim, we find formulae which
generate the polytope numbers for truncated and bitruncated cross-polytopes in any dimension. In addition, we
explore higher truncation of cross-polytopes to introduce ideas for further research. (Received September 25,
2018)

1145-05-2480 Bonnie C Jacob* (bcjntm@rit.edu), Abraham Glasser, Emily Lederman and
Stanislaw Radziszowski. Failed power domination: complexity and other select results.

Let G be a simple graph with vertex set V' and edge set E, and let S C V. The open neighborhood of v € V|
N(v), is the set of vertices adjacent to v; the closed neighborhood is given by N[v] = N(v) U {v}. The open
neighborhood of S, N(S), is the union of the open neighborhoods of vertices in S, and the closed neighborhood
of S, is N[S] = SUN(S). The sets P*(S),4 > 0, of vertices monitored by S at Step i are given by P°(S) = N[S|
and PHL(S) = PUS) U {w : {w} = N[v]\P!(S) for some v € P¥(S)}. If there exists j such that PI(S) =V,
then S is called a power dominating set, PDS, of G.

In this talk, I introduce the failed power domination number of a graph G, 7,(G), the largest cardinality of
a set that is not a PDS. I sketch a proof that 7, (G) is NP-hard to compute and determine graphs in which any
single vertex is a PDS. (Received September 25, 2018)

1145-05-2487 Thomas Quint* (quint@unr.edu), Department of Mathematics and Statistics, University
of Nevada Reno, Reno, NV 89557. Sphere-of-Influence Graphs, and Reminiscences of
working with T'S Michael.

In this talk, I will present highlights of some of my joint work with T'S Michael. The main focus will be on sphere-

of-influence graphs, which are a special type of proximity graph introduced by Toussaint in 1980. (Received

September 25, 2018)

1145-05-2499 Nigel Boston and Jing Hao* (jing.haoQuisc.edu). Weight distribution of
quasi-quadratic residue codes.

Quasi-quadratic residue codes (QQR codes) are a family of binary linear codes. We are interested in these codes

mainly for two reasons: Firstly, they have close relations with hyperelliptic curves and Goppa’s Conjecture, and

serve as a strong tool in studying those objects. Secondly, they are very good codes. Computational results

show they have large minimum distances when p = 3 (mod 8).

We will prove that PSLo(p) acts on these codes and use this to prove a new discovery about their weight
polynomials, i.e. they are divisible by (22 4+ y2)?~1, where d is the corresponding minimum distance. The proof
uses shadows of codes, a powerful tool to study weight polynomials. We also apply this idea to quadratic residue
codes, and prove that their weight polynomials are divisible by (x + 3)¢, with d being the minimum distance.

These results impose strong conditions on the weight polynomials of quadratic residue codes and QQR codes.
Combining the divisibility result and Gleason’s Theorem, we can derive an efficient algorithm to compute the
weight polynomials of QQR codes. We also use these results to correct the existing computational results for

the weight polynomials of quadratic residue codes that were on OEIS. (Received September 25, 2018)

1145-05-2517 Brant Jones* (jones3bc@jmu.edu). Avoiding Patterns and Making the Best Choice.

The game of best choice (also known as the secretary problem) has been studied since at least the 1950’s and was
widely popularized in a 1960 column of Martin Gardner. In the classical setup, a player conducts ”interviews”
with a fixed number of ”candidates.” After each interview, the player ranks the current candidate against all of
the candidates that have been considered so far (without ties). The player must then decide whether to accept
the current candidate and end the game or, alternatively, whether to reject the current candidate forever and
continue playing in the hope of obtaining a better candidate in the future. In this talk, we use enumerative
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combinatorics to investigate variations where permutation pattern-avoidance is used to restrict the interview
orderings that can occur and to describe strategies that maximize the chance of hiring the best candidate.
(Received September 25, 2018)

1145-05-2593 Gene B. Kim* (genebkim@usc.edu), 3620 S Vermont Ave, Department of Mathematics,
University of Southern California, Los Angeles, CA 90089, and Sangchul Lee. A bivariate
central limit theorem for descents and major indices in fixed conjugacy classes.

The distribution of descents in fixed conjugacy classes of Sj, has been studied, and it is shown that its moments

have interesting properties. Kim and Lee showed, by using Curtiss’ theorem and moment generating functions,

to prove a central limit theorem for descents in arbitrary conjugacy classes of Sy. In this paper, we prove a

modified version of Curtiss’ theorem to shift the interval of convergence in a more convenient fashion and use this

to show that the joint distribution of descents and major indices is asymptotically bivariate normal. (Received

September 25, 2018)

1145-05-2673 Arthur L Gershon* (alg125@case.edu), 2103 Cornell Road, Office 6122, Cleveland, OH
44121. Strip Tilings on Square Chessboards. Preliminary report.

We address the problem of finding the number of ways to place 1 X k strips, where k can be any positive integer,
on a rectangular lattice or chessboard such that no two overlap, and that there is at most one horizontal strip in
each row and at most one vertical strip in each column (with alignments corresponding to the side of length k).
Previous efforts have computed generating functions for counts T'(m, n) of such arrangements on chessboards of
size m X n for some fixed side length m and letting n go off to infinity. Another problem of interest, however,
is counting the arrangements T'(n,n) when the ambient chessboard is an n X n square, which is not addressed
by the previous generating function approach. In this talk, we will discuss some of the advances in this latter
direction, including the use of analytic techniques to prove an asymptotic formula for log T'(n, n). If possible, we
will also address the related problem of counting the number of strip tilings on square chessboards without the
restriction in rows and columns. (Received September 25, 2018)

1145-05-2688 Jineon Baek, Hayan Nam* (hayannQuci.edu) and Myungjun Yu. Order ideals, lattice
paths, and core partitions.

In this talk, we discuss the relationship between order ideals in a poset, lattice paths, and simultaneous core

partitions. Exploiting this new perspective allows us to prove formulas for several classes of simultaneous core

partitions with various restrictions. (Received September 25, 2018)

1145-05-2690 Andrew Beveridge, Ian Calaway and Kristin Heysse* (kheysse@macalester.edu),
Department of Mathematics, Statistics and, Computer Science, 1600 Grand Avenue, Saint
Paul, MN 55105. Connecting partial orderings and alternating sign matrices.

A square matrix with entries 0, 1, and -1 is an alternating sign matrix if all rows and columns sum to one and the

nonzero entries in each row and column alternate in sign. Well studied as combinatorial objects, the alternating

sign matrices were enumerated by Zeilberger in 1992. Here we prove a bijection between Zeilberger’s magog

triangles to pre-partial orderings of singleton and doubleton sets. These partial orderings arise from a relaxation

of the definition of completely separable voting preferences.

Based on joint work with Andrew Beveridge and Ian Calaway. (Received September 25, 2018)

1145-05-2739 Adam Buck* (adambuck@uum.edu). The Probability Four Lines in FqP3 Meet Two Lines.
Given four ”random” lines in RP3, the probability that exactly two lines intersect all four is 1. Replacing the field
of real numbers by the field with q elements, this probability is a rational function in ¢ which approaches 1 as ¢
approaches infinity. I will discuss this probability and related notions, such as the expected number of lines that
intersect four random lines. Higher dimensional analogues of this problem will also be discussed. (Received
September 25, 2018)

1145-05-2810 Kendra E Pleasant* (kendra.pleasant@morgan.edu), 11401 Hershey Red Place, Clinton,
MD 20735. Inscribing n-gons.

In how many ways can we place a three sided figure completely inside an polygon? We will formalize this count

and discuss its connection with the Delannoy sequence of integers. While solidifying our count, we will also

explore the little Schroder numbers and the Catalan numbers. (Received September 25, 2018)
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1145-05-2824 Irina Gheorghiciuc* (gheorghi®andrew.cmu.edu), 5000 Forbes Ave, Department of
Mathematical Sciences, Carnegie Mellon University, Pittsburgh, PA 15213, and Emily
Allen. On Gessel super Catalan Polynomials.

2my (2n
The integers S(m,n) = "TE”)Jrn") = W(ﬁ:,”g;(j:%, were first studied by Eugene Catalan in 1874. Gessel refers to

them as super Catalan numlgcrs. In this paper we present two g-analogs of the super Catalan numbers, which
also generalize Carlitz’s g-Catalan numbers ¢, (\) for A = 0 and A = 1. We give a combinatorial interpretation
for one of these analogs when m = 2. In the process we introduce several g-Ballot numbers and give their
combinatorial interpretation. (Received September 25, 2018)

1145-05-2830 Braxton Carrigan, David Diaz and James M Hammer* (jmhammer@cedarcrest.edu),
100 College Drive, Curtis 219, Allentown, PA 18104. Sudoku Pair Latin Squares.

A (a, b)-Sudoku pair latin square is a latin square that is simultaneously a (a, b)-Sudoku latin square and a (b, a)-

Sudoku latin square. This presentation provides constructions for many arbitrary classes of positive integer

pairs. Specifically we complete the construction of a (3,b)-Sudoku pair latin square for any positive integer b.

Moreover, this implies that there exist factor pair latin squares of order 3p for any prime p, answering a question

posed by Hammer and Hoffman. (Received September 25, 2018)

1145-05-2842 Toufik Mansour, Howard Skogman and Rebecca Smith* (rnsmith@brockport.edu).
Stack sorting tiers and r-tiers.

Knuth showed that a permutation 7 can be sorted by a stack (meaning that by applying push and pop operations

to the sequence of entries 7(1),...,7(n) we can output the sequence 1,...,n) if and only if 7 avoids the permu-

tation 231, i.e., if and only if there do not exist three indices 1 < i1 < 12 < i3 < n such that 7(i1), w(i2), 7(i3)

are in the same relative order as 231.

When passing a permutation through a stack a single time, the priority of outputting the identity function
aligns with not placing larger entries on top of smaller ones within the stack. However, if there is an oppor-
tunity to use the stack multiple times, this is no longer always the case. Our work considers algorithms that
prioritize outputting the maximum number of entries towards obtaining the identity function without regard to
the sequence formed within the stack. Depending on how we rerun the remaining entries, the enumeration of
permutations sortable by k passes through the stack leads to some interesting combinatorial bijections involving
integer sequences studied by Parker and alternating permutations. (Received September 25, 2018)

1145-05-2844 Carolina Benedetti, , Colombia, Rafael Gonzdlez D’Leén, , Colombia, and
Christopher R. H. Hanusa, Pamela E. Harris and Apoorva Khare, , India,
Alejandro H. Morales*, Department of Mathematics and Statistics, Lederle Graduate
Research Tower, UMass, Amherst, Amherst, MA 01002, and Martha Yip. A
combinatorial model for computing volumes of flow polytopes.
Flow polytopes of a graph are an important family of polytopes whose lattice points and volumes are of interest
in representation theory. Baldoni and Vergne; and Postnikov and Stanley gave remarkable positive sum formulas
for their volumes, generalizing a result of Lidskii. We introduce new families of combinatorial objects that provide
an interpretation to this formula and thus computes volumes of flow polytopes. We recover known flow polytope
volume formulas and prove new volume formulas for flow polytopes. A highlight of our model is an elegant
formula for the flow polytope of a graph we call the caracol graph (snail in Spanish). (Received September 25,
2018)

1145-05-2868 Anisah N. Nu’"Man* (anuman@ursinus.edu). Counting Rainbow Triples. Preliminary
report.

Let S = [n]. Given the equation (eq) : cix + coy = c3z, for constants c1,c2, and c3, let T' be the subset of
[n] consisting of all solutions to the equation (eq). For r € N, an exact r-coloring of [n] is a surjective map
c: [n] = [r]. We say that a subset of T is rainbow if every element in the subset has a different color. The
ragnbow number of n with respect to the equation eq, denoted rb(n, eq), is the minimum number of colors needed
to guarantee that any (exact) coloring of [n] has a rainbow in T. Thus, rb(n,ci1z1 + coz2 = c3x3) = r implies
that there exists an exact (r — 1)-coloring of [n] that contains no rainbow solutions and that any exact r-coloring
of [n] will contain a rainbow solution. Within this talk we will discuss upper and lower bounds for the rainbow
number of rb([n], z1 + kx2 = z3), where k > 1. (Received September 25, 2018)
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1145-05-2869 Charles Burnette* (charles.burnette@slu.edu), Eric Schmutz
(eschmutz@math.drexel.edu) and James Thomas (jjt94@drexel.edu). Permutations
with equal orders.

Let Fr(n) be the probability that two independent, uniformly random permutations of [n] have the same order,

and let Fk(n) be the probability that two independent, uniformly random permutations of [n] are in the same

conjugacy class. It is well known that Fk(n) ~ 7%2 for a rather explicit constant A, and it is not hard to show

that lim inf 5;((23 > 1. We prove here that Fr(n) = O(lolgolg#) as n — oo. (Received September 25, 2018)

1145-05-2876 Radmila Sazdanovic and Victor William Summers* (vwsummer@ncsu.edu), 7102
Plumleaf Road, Apt. 234, Raleigh, NC 27613. Magnitude Homology: Structure and
Torsion.

Many mathematical constructions come equipped with a canonical measure of size; the cardinality of a set,
Euler characteristic of a topological space, dimension of a vector space, to name just three. T. Leinster added
magnitude of a metric space to the list of cardinality-like invariants. Graphs may be viewed as metric spaces
with the shortest-path metric, and as such they have magnitude. R. Hepworth and S. Willerton went on to
categorify the magnitude of graphs, realizing the power series invariant as the graded Euler characteristic of a
bigraded homology theory; magnitude homology. In this talk I will begin by constructing magnitude homology
and describing various properties of magnitude which lift to the level of homology. Then I will discuss some
results on the existence and structure of torsion in magnitude homology. (Received September 25, 2018)

1145-05-2881 Nathan Reff* (nreff@brockport.edu), 350 New Campus Drive, Brockport, NY 14420,
and Luke Duttweiler (1dutt2@brockport.edu), 350 New Campus Drive, Brockport, NY
14420. Spectra of oriented hypergraphs.

An oriented hypergraph is a hypergraph where each vertex-edge incidence is given a label of +1 or —1. The

adjacency and Laplacian eigenvalues of an oriented hypergraph are studied. In particular, combinatorial bounds

are found which relate structural parameters to these eigenvalues. Some hypergraph cycle and path families will

have their spectra fully determined. (Received September 25, 2018)

1145-05-2894 Scott M LaLonde* (slalonde@uttyler.edu), University of Texas at Tyler, Department
of Mathematics, 3900 University Boulevard, Tyler, TX 75799, and Kassie Archer.
Investigating Allowed Patterns in Dynamical Systems Using Commuter Functions.
Given a map f : [0,1] — [0,1], a permutation 7 € S,, is called an allowed pattern for f if there exists = € [0, 1]
such that the iterates x, f(z), f2(z), ..., f*~!(z) are in the same relative order as the entries of 7 (when written
in one-line notation). Otherwise, we say that m is forbidden by f. We will discuss our investigation into the
allowed and forbidden patterns for the family of symmetric tent maps T}, : [0,1] — [0,1], where 1/2 < p < 1.
One can build a relationship between the allowed patterns of two different tent maps using commuter functions,
which result from relaxing the notion of topological conjugacy between dynamical systems. In particular, if a
commuter is strictly increasing (i.e., order preserving), then it maps allowed patterns of one dynamical system
to allowed patterns of the other. We will discuss several results in this realm, along with some open questions
regarding forbidden patterns and certain properties of commuter functions. (Received September 25, 2018)

1145-05-2904 Amanda Burcroff* (burcroff@umich.edu). Domination Parameters of the Unitary
Cayley Graph of Z/nZ.

The unitary Cayley graph of Z/nZ, denoted X, is the graph on {0,...,n — 1} where vertices a and b are
adjacent if and only if gcd(a — b,n) = 1. The total domination number of a graph G, denoted 7:(G), is the
minimum cardinality of a set of vertices S such that every vertex of G is adjacent to a vertex of S. We answer a
question of Defant and Iyer by constructing a family of infinitely many integers n such that v¢(X») < g(n) — 2,
where g(n), the Jacobsthal function, is the minimum m such that every set of m consecutive integers contains
an integer coprime to n. We determine the irredundance number, domination number, and lower independence
number of certain direct products of complete graphs and give bounds for these parameters for any direct product
of complete graphs. We provide upper bounds on the size of irredundant sets in direct products of balanced,
complete multipartite graphs which are asymptotically correct for the unitary Cayley graphs of integers with a
bounded smallest prime factor. (Received September 25, 2018)

1145-05-2915 Chen Xie* (chen.xieQedu.uwaterloo.ca). Bounds on Quantum Chromatic Number and
New Nontrivial Colorings.

Colorings and homomorphisms are central topics in graph theory. Their quantum analogues, quantum colorings

and quantum homomorphisms, can be formulated with only linear algebra, and have strong connections with
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the classical ideas. There are no known algorithms for generating nontrivial quantum colorings, and all known
examples arose from ad-hoc constructions. I will show that a number of classical bounds are also bounds to their
quantum analogues, and present new examples of nontrivial quantum colorings of graphs. (Received September
25, 2018)

1145-05-2923 Olga Blyum (oblyum@smith.edu), Smith College, Department of Mathematics and
Statistics, Northampton, MA 01063, Dayln Gillentine (dgillentine@smith.edu), Smith
College, Department of Mathematics and Statistics, Northampton, MA 01063, Alex
Perry* (akperry@smith.edu), Smith College, Department of Mathematics and Statistics,
Northampton, MA 01063, Taylor Stefovic (tstefovic@smith.edu), Smith College,
Department of Mathematics and Statistics, Northampton, MA 01063, and Nancy Yun
(nyun@smith.edu), Smith College, Department of Mathematics and Statistics,
Northampton, MA 01063. Further results in generalized splines. Preliminary report.

Suppose you have an edge-labeled graph. A spline is a way of labeling the vertices so that each pair of adjacent

vertices differ by a multiple of the corresponding edge. Splines come up naturally in many different applications,

including numerical analysis, data interpolation, computer graphics, and engineering; the edge-labels roughly

correspond to the slopes between two observed points.

‘We describe research into several questions, including some related to representation and others to applications
from analysis (with edges labeled by polynomials). (Received September 25, 2018)

06 » Order, lattices, ordered algebraic structures

1145-06-509 Gezahagne Mulat Addis* (buttu412@yahoo.com), University of Gondar, Gondar,
Ambhara, Ethiopia. Sheaf Representation of De Morgan Algebras.
In this paper we give the sheaf representation of De Morgan algebras. (Received September 08, 2018)

1145-06-1114 Jason R Elsinger*, jelsinger@flsouthern.edu. Representations of Lattice Vertex Algebras,
Trace Functions, and Modular Transformations: Examples in order 3.
Every isometry o of a positive-definite even lattice @ can be lifted to an automorphism of the lattice vertex algebra
V@. An important problem in vertex algebra theory and conformal field theory is to classify the representations
of the o-invariant subalgebra Vs of Vg, known as an orbifold. Under certain assumptions, all irreducible V-
modules are obtained by restriction from twisted or untwisted V-modules, proved in a series of papers by M.
Miyamoto. Previously we have described explicitly the orbifold modules in the case when o is an isometry of Q
of order two. In our study of extending our work to prime order, we have worked out several examples in the
case when o has order 3. Here we show how we define trace functions on the irreducible Vg-modules to achieve
tranformations laws for the characters of irreducible ch -modules. The example where @ is the root lattice Dy
and o is the permutation which fixes the central node in the Dynkin diagram will be discussed in detail. We also
discuss the S-matrix and T-matrix describing the modular group in this case. (Received September 19, 2018)

1145-06-1614 Jean S. Joseph* (jjosel07@fau.edu). The Real Numbers as Completions of Linearly
Ordered Sets: A Constructive Study.

We will present two notions of completion of a linearly ordered set. These two completions are generalizations of

the canonical constructions of the real numbers as a set of Dedekind cuts of rational numbers and as equivalence

classes of Cauchy sequences of rational numbers. Also we will discuss to what extent these completions are order

isomorphic. (Received September 23, 2018)

1145-06-1936 Ting Gu* (gut@etown.edu). Correlation immune functions with respect to the
q-transform.

Correlation immunity is an important property of Boolean functions that are used in stream ciphers. The Walsh

transform has traditionally been used to study properties of Boolean functions, especially correlation immunity.

The g-transform is a generalization of the Walsh transform that was introduced by Klapper in 2014, and a recent

paper by Gu et al. has introduced two notions of g-correlation immunity. This talk will discuss the number of

g-correlation immune functions with minimal Hamming weight in n variables. (Received September 24, 2018)
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1145-06-2079 Zeinab Bandpey* (zeinab.bandpey@morgan.edu), 1700 E cold Spring Lane, Baltimore,
MD 21251. Jonathan Farley’s Mathematical Terror Theory: The Structure of Perfect
Terrorist Cells with a Single Leader.
Terrorist cells are modeled as finite partially ordered sets. This paper determines the structure of the terrorist
cell most likely remain intact if a subset of its members is captured at random, provided that the cell has a
single leader and no member has more than b immediate subordinates. Farley solved the problem for the case
b=2, and Campos, Chvdatal, Devroye, and Taslakian (the chairman of Stanford University’s Computer Science
Department at one time called Vasek Chvétal ”one of the two best young combinatorialists in the world”) solved
the problem for class of trees. (Received September 24, 2018)

1145-06-2701 L. Markowsky* (lmarkowsky@gmail.com) and G. Markowsky. The Lattice Data
Analytics Toolkit. Preliminary report.

The Lattice Data Analytics Toolkit is made available to support the use and visualization of two novel lattice-
theoretic data exploration and analytic algorithms, to be called lattice data analytics. This free, open-source
Python toolkit (with underlying implementation of key functions in C/C++), features tools for lattice data
analytics as well as interactive visualization methods for lattices and posets, and will enable researchers and
developers to rapidly produce systems that leverage the novel data analysis technique. The Carver2 target
rating program, which includes a small dataset of partially ordered potential targets, is used to illustrate the
functionality of the toolkit, producing publication-quality visualizations of the lattice and the poset of irreducibles
(Pol) generated by the dataset. Future work includes the production of similar toolkits for the Octave/ MATLAB
and R environments. (Received September 25, 2018)

1145-06-2799 G. Markowsky* (markowsky@gmail.com), markowsky@gmail.com, and L. Markowsky.

Lattice Data Analytics: Adding Understanding to Machine Learning. Preliminary report.
Automated and semi-automated systems that derive actionable information from massive, heterogeneous datasets
have become essential in many domains, and the reasoning of such systems must be as clear as possible to earn
our trust. A new approach to temporal data analysis, which we call lattice data analytics, extends the current
bounds of lattice theory and its applications. We describe two novel information-awareness algorithms based on
three lattice-theoretic concepts: the event lattice, the temporal poset of irreducibles, and lattice entropy. The two
lattice-theoretic algorithms are capable of detecting structure in temporal, multivariate datasets. The algorithms
tolerate missing, messy, or otherwise incomplete data and use the concept of a Dedekind-MacNeille completion
to clarify important predictive relationships between lattice nodes, which will represent real or virtual events.
Markowsky’s Poset of Irreducibles will be used to compress the data and will enable the modified Dedekind-
MacNeille completion algorithm to run on massive datasets in near-real time. Finally, the algorithm will have
a just-in-time component that can produce only those sections of the lattice that show anomalies or display
development. (Received September 25, 2018)

1145-06-2804 Bal K Khadka* (bkhadka@gmc.edu) and Spyros Magliveras. Random walks vs Spoke
Hub distribution models on a Lattice Basis Reduction under a projective special linear
group PSLa(q).

We present a study on the Lattice Basis Reduction using the famous LLL algorithm. For these experiment, we

have used results of our experiments based on permutation techniques of basis reduction. We select permutations

from a small subgroup G < Sm,, where G is isomorphic to a projective special linear group PSL2(q). Then we
use random walks and spoke hub distribution models to permute the lattice basis B using elements of G to get
an Approzimated Shortest Vector in a given lattice.

This study relies on the sensitivity of LLL to permutations of the input lattice basis B, and optimization
ideas over the symmetric group Sy, viewed as a metric space.

Keywords: LLL Lattice Basis Reduction, permutation matrix, Integer unimodular matrix, random walks,
spoke-hub distribution, projective special linear group. (Received September 25, 2018)

1145-06-2948 Alice Chudnovsky, Jake Januzelli* (jaj226@cornell.edu) and Jacob Brazeal.
Obstructions to LWE-based Homomorphic Encryption with Uniform Error. Preliminary
report.

The Learning With Errors (LWE) problem was introduced by Regev in 2009 and asks that an adversary, given a
uniformly chosen matrix A and As+ e where e has is drawn from a probability distribution with small entries on
average, can recover s. The best hardness results known currently for LWE rely on the error distribution being
Gaussian distributed: however, sampling from Gaussian’s can be quite computationally expensive. A natural
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modification is to choose a bounded uniform distribution instead, being extremely easy to sample from. There
are some known hardness reductions ([?]) for bounded uniform, but the parameters needed aren’t sufficient for
instantiation of practical encryption schemes. We present compelling evidence that the techniques used in the
Gaussian case cannot be adapted to a bounded uniform distribution. (Received September 25, 2018)

08 » General algebraic systems

1145-08-461 Joshua R Edge* (josedge@indiana.edu). Classification of spin models on Yang-Bazter
planar algebras.

After the discovery of the Jones polynomial in the 1980s, many mathematicians were interested in finding
sources for more invariants of knots and links. Omne promising method pursued by Kauffman, Jaeger, et al
was via so-called spin models, whose original purpose was to explain magnetism in certain physical models.
The classification of such models for the Jones polynomial was first noted by Kauffman in 1986, which Jaeger
then generalized to the classification of spin models for the Kauffman polynomial (or BMW algebra) in 1995
by connecting the existence of such a model to graphs satisfying certain properties. In 2015, Liu finished the
classification began by Bisch and Jones of so-called Yang-Baxter planar algebras (YBPAs), planar algebras that
satisfy a generalization of the Reidermeister moves. In this talk, we will use the classification of YBPAs to
generalize Jaeger’s result about spin models of the Kauffman polynomial (which itself is a YBPA) to classify all
spin models of Yang-Baxter planar algebras by making a connection to graphs similar to Jaeger. In particular,
we will demonstrate that aside from the spin models arising from BMW classified by Jaeger, the only other
YBPAs giving spin models are the Bisch-Jones algebra and the Jones polynomial at a discrete sets of values.
(Received September 06, 2018)

17 » Number theory

1145-11-27 Badih N. Ghusayni* (bgou@ul.edu.1lb). A Couple of Results in Analytic Number
Theory.

First, we find a series representation of the zeta function at 3 and outline a strategy to obtain an Euler-type

formula. Next, we obtain a product representation of the zeta function which is explicit in the sense that, among

its factors, one factor is relevant to the trivial zeros of the zeta function and another to the nontrivial ones. To

my pleasant surprise the famous Wallis Formula follows from this representation as an easy corollary. (Received

June 20, 2018)

1145-11-33 Benedict H. Gross* (gross@math.harvard.edu), University of California San Diego.
Complex multiplication: past, present, future.

The theory of complex multiplication, which studies both the arithmetic of elliptic curves and orders in imaginary

quadratic fields, has a distinguished history. In the first lecture, I will recall the roots of this theory, starting

with the ideas of Euler, Lagrange, and Gauss. I will review the main results obtained in the nineteenth century,

and will end with a discussion of Heegner’s paper on the class number one problem. (Received June 27, 2018)

1145-11-34 Benedict H. Gross* (gross@math.harvard.edu), University of California San Diego.
Complex multiplication: past, present, future.

In this talk, I will discuss major developments in the theory of complex multiplication which occurred in the

second half of the twentieth century. These involve the L-functions of elliptic curves, as well as the study of

special points on modular curves. I will review the conjecture of Birch and Swinnerton-Dyer, and discuss several

ways that the theory of complex multiplication has been used to provide strong evidence for it. (Received June

27, 2018)

1145-11-35 Benedict H. Gross* (gross@math.harvard.edu), University of California San Diego.
Complex multiplication: past, present, future.

In this talk, I will present some of the exciting developments which have occurred in the theory of complex

multiplication in the twenty-first century. In particular, I hope to show that this venerable subject is still very

much alive. (Received June 27, 2018)
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1145-11-45 Robert D Hough* (robert.hough@stonybrook.edu), Department of Mathematics, SUNY
Stony Brook, 100 Nicolls Road, Stony Brook, NY 11794. The shape of cubic and quartic
number fields.

Sato and Shintani defined ¢ functions enumerating integral orbits in prehomogeneous vector spaces. Recently I

have introduced a twisted version of this construction, in which an automorphic form is evaluated at each orbit

representative. Combined with work of Bhargava, Taniguchi-Thorne and Yukie this construction has applications
to studying the lattice shape of the ring of integers of cubic and quartic number fields embedded in the canonical
embedding. As part of this program, an exact formula for the Fourier transform of the indicator function of
maximal quartic rings over Z, has also been obtained, extending earlier work of Taniguchi-Thorne in the cubic
case. (Received June 29, 2018)

1145-11-46 Rich Burge* (rchrdbrg@gmail.com). Some Ezrperimental Evidence Supporting the
Littlewood Conjecture. Preliminary report.

This talk will present a two-dimensional continued fraction algorithm. Among other observations, two hypotheses

about the behavior of the algorithm are noted from which the Littlewood conjecture can be deduced. Some

experimental evidence supporting the hypotheses will be presented. (Received July 01, 2018)

1145-11-49 Kannan Soundararajan and Jesse Thorner* (jthorner@stanford.edu). Weak
subconvezity without a Ramanugjan hypothesis.

In 2008, Soundararajan obtained a weak subconvexity bound for central values of a large class of L-functions,
assuming a weak Ramanujan hypothesis on the size of Dirichlet series coefficients of the L-function. If C' denotes
the analytic conductor of the L-function in question, then C1/4 is the size of the convexity bound, and the weak
subconvexity bound established there was of the form C1/4/(log C)1~¢ for any ¢ > 0. I will describe a weak
subconvexity bound of the shape 01/4/(10g C)? for some small § > 0, but with a much milder hypothesis on
the size of the Dirichlet series coefficients. In particular, our results will apply to all automorphic L-functions,
and (with mild restrictions) to the Rankin-Selberg L-functions attached to two automorphic representations.
(Received July 06, 2018)

1145-11-58 Noah Lebowitz-Lockard* (noah.lebowitzl25@uga.edu). Irreducible quadratic
polynomials and Euler’s function.

Let V(x) be the number of n < z for which ¢(m) = n for some n, where ¢ is Euler’s totient function. In
1929, Pillai proved that V(z) = o(x), i.e. that almost all numbers lie outside the range of the totient function.
We discuss a generalization of this result, specifically that for a given irreducible quadratic polynomial P(z),
almost all numbers of the form P(n) lie outside the range of the totient function as well. We put bounds on the
number of n < x with this property and show how we can improve them assuming the abc and Bateman-Horn
Conjectures. (Received July 11, 2018)

1145-11-63 Chad Awtrey* (cawtrey@elon.edu). Cyclic Eisenstein polynomials of p-power degree.
Let p be an odd prime number and Q, the field of p-adic numbers. For a positive integer n, local class field
theory shows that there are precisely p™ nonisomorphic totally ramified Galois extensions of Qp of degree p™.
Moreover, each extension has a cyclic Galois group. It is therefore natural to ask for polynomials which define
each extension. When n = 1, such polynomials are known from the the work of Amano (1971). In this talk, we
give analogous results for n = 2 and n = 3. (Received July 18, 2018)

1145-11-76 Harsh A Mehta*, hmehta@math.sc.edu. Malle’s conjecture on Frobenius groups.

We let a group G act on the set of d letters, [d], by the induced left multiplication of action of the symmetric
group Sy acting on [d]. We attain upper bounds for the number of degree d algebraic extensions K/k with
Galois group G as the norm of the discriminant Nk/@(dK/k) is bounded above by © — oo. We attain upper
bounds for the number of such extensions for groups of the form G = F' x H with certain conditions on F' and
H. Malle made a conjecture about what the asymptotic of this quantity should be as Nk/@(dK/k) — oco. We
show that under a conjecture of Cohen and Lenstra, the upper bounds we achieve match the prediction of Malle.
(Received July 22, 2018)

1145-11-111 Jim Brown, Hugh Geller, Rico Vicente and Alexandra Walsh*
(alexandra_walsh@brown.edu), Box 5949, 69 Brown Street, Providence, RI 02906.
Eigenform Product Identities for Degree-Two Siegel Modular Forms. Preliminary report.
In his paper “On Eigenform Relations Between Monomial Series” (2000), Eknath Ghate proves that there are
finitely many pairs of full-level, degree-one eigenforms f and g whose product fg is also an eigenform. We prove
a partial generalization of this theorem for degree-two Siegel modular forms. When F'G is an Eisenstein series,
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we use the Siegel ® operator, a mapping from Siegel degree-two to degree-one modular forms, to show that there
is only one pair of Eisenstein series eigenforms F' and G for which F'G is an eigenform. When F'G is a cusp form,
we use the Rankin-Selberg method to give a condition under which F'G cannot be an eigenform. We provide
one example of an eigenform product for which F'G is a cusp form, and we conjecture that this is the only such
example. (Received August 01, 2018)

1145-11-200 Jennifer Noelle Kampe* (jenniferkampe@gmail.com) and Artem Vysogorets.
Predicting Zeros of the Riemann Zeta Function Using Machine Learning: A Comparative
Analysis. Preliminary report.
In this study, we evaluate the predictive performance of Neural Network Regression in locating non-trivial zeros
of the Riemann zeta-function relative to Support Vector Machines Regression. We provide a brief summary
of the fundamental properties of the zeta-function and use the analysis therein to identify relevant features
and reformulate the given regression problem as a time-series prediction problem. Next, we provide a basic
introduction to the architecture and use of Neural Networks. Model design is implemented as a six stage process
including: (i) input selection, (ii) data splitting, (iii) model architecture selection, (iv) model structure selection,
(v) model calibration, and (vi) model validation. The range of zeta-function zeros used is 1001 to 100,000. Model
training is performed on data with 99,000 observations for each of the 50 feature variables selected. Multilayer
Perceptron and Recurrent Neural Network architectures are chosen and implemented in the R programming
language. Finally, the replicative and predictive accuracies of the two neural networks are evaluated against
those of a Support Vector Machine Regression.
Keywords: Riemann Zeta zeros, Riemann Hypothesis, recurrent neural network, SVR, machine learning
prediction. (Received August 18, 2018)

1145-11-231 Nitya Mani*, nityam@stanford.edu, and Asra Ali. Shifted Convolution L-Series Values
for Elliptic Curves.

Using explicit constructions of the Weierstrass mock modular form and Eisenstein series coefficients, we obtain

closed formulas for the generating functions of values of shifted convolution L-functions associated to certain

elliptic curves. These identities provide a surprising relation between weight 2 newforms and shifted convolution

L-values when the underlying elliptic curve has modular degree 1 with conductor N such that genus(Xo(N)) = 1.

(Received August 23, 2018)

1145-11-249 John R Greene* (jgreene@d.umn.edu), Department of Mathematics and Statistics, 1117
University Drive, Duluth, MN 55812, and Kalani Thalagoda, Department of
Mathematics and Statistics, 1117 University Drive, Duluth, MN 55812. Nonstandard
continued fractions with irrational numerator. Preliminary report.

The simple continued fraction of v/n has very nice periodic and palindromic properties. Expansions of the form

Vn = co+

have the same palindromic properties provided z is a positive integer which is not too large and the expansion is
periodic. When z is rational, the palindromic properties are only guaranteed when the expansion is periodic and
the ¢’s are sufficiently large compared to z. Here we investigate continued fraction expansions for \/a + by/m

va+bym =

in the form

In this cases, when the expansion is periodic, it appears to mimic the simple continued fraction expansion of \/n
more closely than the two previously mentioned cases. (Received August 24, 2018)

1145-11-276 Vishal Arul, Alex Best, Edgar Costa, Richard Magner and Nicholas
Triantafillou* (ngtriant@mit.edu). Computing Zeta Functions of Superelliptic Curves in
Large Characteristic.

We describe an algorithm to compute the zeta function of a cyclic cover of the projective line over a finite field of

characteristic p that runs in time p'/2+°(1) | The algorithm extends both Gongalves’s generalization of Kedlaya’s

algorithm for cyclic covers, and Harvey’s work on Kedlaya’s algorithm for large characteristic. We confirm its

practicality and effectiveness by reporting on the performance of our SAGEMATH implementation on a range of

examples.
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Our work provides a valuable tool for the study of superelliptic curves over local and global fields by providing
data which, among other things, helps to understand their Galois representations, the torsion subgroups of their
Jacobians, and analogues of the Lang-Trotter conjecture. (Received August 28, 2018)

1145-11-278 Nicholas Triantafillou* (ngtriant@mit.edu). Variants of Chabauty’s Method and the
Thrice-Punctured Projective Line. Preliminary report.

Chabauty’s method is a powerful tool for bounding/enumerating the number of integral/rational points on
arithmetic curves. Unfortunately, it requires the curve’s Jacobian to have rank less than its dimension. This
condition frequently fails, especially for number fields of high degree. Several techniques have been proposed
to augment the classical Chabauty, including descent, restriction of scalars, the Mordell-Weil sieve and Kim’s
non-abelian Chabauty. We study the power of various combinations of these techniques, mostly in the context
of computing S-integral points of number fields on the thrice-punctured projective line. Among other things, our
work gives bounds on the number of solutions to S-unit equations and a strategy for counting solutions without
using strong results from transcendental number theory. This work has applications to other counting problems
in number theory, like enumerating elliptic curves over numer fields with prescribed primes of bad reduction.
(Received August 28, 2018)

1145-11-295 Orli Herscovici* (orli.herscovici@gmail.com), 3200003 Haifa, Israel. New degenerate
Bernoulli and Euler polynomials arising from non-classical Umbral Calculus. Preliminary
report.

We introduce new generalizations of the Bernoulli and Euler polynomials based on the degenerate exponential
function and concepts of the Umbral Calculus associated with it. We present generalizations of some familiar
identities and connection between these kinds of Bernoulli and Euler polynomials which we have established in
our preliminary work. (Received August 29, 2018)

1145-11-330 Alexander J Barrios* (abarrios@carleton.edu), Carleton College, Department of
Mathematics and Statistics, One North College Street, Northfield, MN 55057. Lower
Bounds on the Modified Szpiro Ratio.

The modified Szpiro conjecture, which is equivalent to the ABC Conjecture, states that for each € > 0 there are

finitely many rational elliptic curves E satisfying N6t¢ < max{{cﬂ ,cg} where N is the conductor of E and ¢4

and cg are the invariants associated to a minimal model of E. In this talk we will show that for a rational elliptic

curve E with torsion subgroup E(Q) =~ T there is an explicit lower bound Il on the modified Szpiro ratio

tors

. . log max{‘cﬁ,cg} . .
which depends only on T, i.e., Iy < T ToeN for all E/Q with T'— FE(Q). The techniques of the proof
rely on a careful analysis of the minimal models of E and Tate’s algorithm. (Received September 01, 2018)

1145-11-349 Steven H. Weintraub* (shw2@lehigh.edu), Dept. of Mathematics, Lehigh University,
Bethlehem, PA 18015. Periodicity of Certain Generalized Continued Fractions.

We have previously considered continued fractions with “numerator” a positive integer N, which we refer to
as cfy expansions. In particular, let E be a positive integer that is not a perfect square. For N > 1, VE
has infinitely many cfy expansions. There is a natural notion of the “best” cfy expansion of VE. We have
conjectured, based on extensive numerical evidence, that such a best expansion is not always periodic. From this
evidence, it is difficult to predict for which N this expansion will be periodic. We show here that for any such
E, there are infinitely many values of NV for which this expansion is indeed periodic, more precisely, periodic of
period 1 or 2, and we obtain formulas for a subset of these expansions in terms of solutions to Pell’s equation
22 — By? = 1. (Received September 03, 2018)

1145-11-364 Madeline Locus Dawsey* (madeline.locus@emory.edu) and Ken Ono. CM
Evaluations of the Goswami-Sun Series.

In recent work, Sun constructed two g-series identities whose limits as ¢ — 1 give new derivations of the Riemann-
zeta values ((2) and ((4). Goswami extended these identities by obtaining an infinite family of g-series which
analogously lead to new derivations of ((2k) for every k € ZT. Using the fact that T’ (%) = /m, it follows that
¢(2k) e Q-T (%)M. Therefore, it is natural to seek further specializations of these series which involve special
values of the I'-function. We show that the values of these series at all CM points 7, where q := €277 are
algebraic expressions in terms of specific ratios of I'-values. (Received September 04, 2018)
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1145-11-385 Maarten Derickx* (drx@mit.edu). A-gonality and points of degree d on curves.
Preliminary report.

The gonality of a curve C over the rational numbers Q is defined to be the smallest integer d for which there exist
a map of degree d to PL. If a map of degree d exists on C then C(Q) contains infinitely many points defined over
number fields of degree d. It is a theorem of Frey that a converse also holds, namely if C'(Q) contains infinitely
many points of degree d, then there exists a map of degree at most 2d to P! . This means that the gonality
determines the smallest degree for which there exists infinitely many points up to a factor of two. The main
subject of this talk is the notion of A-gonality. This is a generalisation of the clasical gonality and additionally
shares much of the same nice properties as gonality. In certain situations it gives more information about the
existence of points of degree d then the classical gonality. (Received September 04, 2018)

1145-11-398 Wei Zhang* (weizhang@mit.edu), 77 Massachusetts Avenue, cambridge, MA 02139.
Algebraic cycles and L-functions: a relative trace formula approach.

We review conjectures and theorems on special cycles on Shimura varieties, and their connection to central values

of L-functions and their derivatives. We focus on the global Gan—Gross—Prasad conjectures, their arithmetic

versions and some variants in the author’s joint work with Rapoport and Smithling. (Received September 05,

2018)

1145-11-416 Michael F Singer* (msinger@msri.org), MSRI, 17 Gauss Way, Berkeley, CA 94720. The

2020 MSRI program ”Decidability, Definability and Computability in Number Theory”.
From August 17, 2020 to December 18, 2020, the Mathematical Sciences Research Institute (MSRI) in Berkeley,
CA will host a program titled “Decidability, Definability and Computability in Number Theory Program”. I
will describe some aspects of the program, how one applies, and services that MSRI offers (visa, housing, family
services, ...). (Received September 05, 2018)

1145-11-417 Tonghai Yang* (thyang@math.wisc.edu), Department of Mathematics, University of
Wisconsin, Madison, WI 53706, and Hongbo Yin (yinhongbo02180126.com) and Peng
Yu (pyu@amss.ac.cn). The Lambda invariant and its CM values.

In this talk, we will show that the usual lambda invariant A(7) is a good choice among its 6 possible counterparts

for the CM points 70 = d%ﬁ by showing that the CM value A(79) is an algebraic integer and can be used to

(d1+2\/E) _ )\( d2+2 d?)

the beautiful Gross-Zagier factorization formula of singular moduli. (Received September 05, 2018)

easily construct units. We also give a factorization formula for the norm of A

, similar to

1145-11-426 Victor Rotger* (victor.rotger@upc.edu), Campus Nord, Edifici Omega Despatx 413, C/

Jordi Girona, 1-3, Barcelona, 08034. On a conjecture of Harris and Venkatesh.
A. Venkatesh has proposed a conjecture which explicates the symultaneous presence of a system of eigenvalues
in several degrees of the cohomology of a symmetric domain in terms of derived Hecke operators and motivic
cohomology. The simplest non-trivial case of this phenomenon arises for classical modular forms of weight 1,
and the conjecture has been made explicit by Harris and Venkatesh. In this setting it predicts a relationship
between mod p Rankin triple-products and Stark units. In this lecture I will describe recent progress towards
proving this conjecture in joint work with Darmon, Harris and Venkatesh, and a p-adic version of the conjecture
in joint work with my student Rivero. (Received September 06, 2018)

1145-11-428 Mahesh R Kakde* (mahesh.kakde@kcl.ac.uk), King’s College London, Mathematics
department, Strand, London, WC2R2LS, United Kingdom. Ezplicit formulae for
Gross-Stark units and Hilbert’s 12th problem.
In this talk I will report on my joint work with Samit Dasgupta on the tower of fields conjecture first formulated
by Gross. This conjecture proves a conjecture of Dasgupta on explicit p-adic analytic formulae for Gross-Stark
units. These units, when considered for all primes of a totally real number field F', generate the maximal abelian
CM extension of F' and therefore our work can be considered as giving a p-adic analytic solution to Hilbert’s
12th problem. Further, the tower of fields conjecture also proves a conjecture of Dasgupta and Spiess which
gives a p-adic analytic formulae, in terms of Eisenstein cocycles, for the characteristic polynomial of the Gross
regulator matrix. (Received September 06, 2018)

1145-11-429 Alice Pozzi* (alice.pozzi89@gmail.com), Flat 34, Bullen House, Collingwood Street,
London, E1D5Y. The eigencurve at weight one Eisenstein points. Preliminary report.

In 1972, Serre observed that the Hecke eigenvalues of Eisenstein series can be p-adically interpolated. In other

words, Eisenstein series can be viewed as a p-adic family parametrized by the weight. The notion of p-adic

variations of modular forms was later generalized by Hida to include families of ordinary cuspforms. In 1998,
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Coleman and Mazur defined the eigencurve, a rigid analytic space that, loosely speaking, encodes much more
general p-adic families of Hecke eigenforms parametrized by the weight. However, many geometric properties
of the eigencurve are still misterious. In this talk, we will describe the local nature of the eigencurve at some
particular points corresponding to weight one forms. We consider weight one Eisenstein series that are irregular
at a fixed prime p. Such forms are not cuspidal in a classical sense, but they become cuspidal when viewed
as p-adic modular forms. Thus, they give rise to points that belong to the intersection of the Eisenstein locus
and the cuspidal locus of the eigencurve. Following the approach of Bellaiche and Dimitrov in the weight one
cuspidal case, we study this intersection via deformations of Galois representations. (Received September 06,
2018)

1145-11-430 Yingkun Li* (1iGmathematik.tu-darmstadt.de), Schlossgartenstrasse 7, 64289
Darmstadt, Hessen, Germany. Average values of higher Green’s functions and their
factorizations.

By the classical theory of complex multiplication, the Klein j-invariant takes algebraic values at CM points. In
their seminal work on singular moduli, Gross and Zagier gave a factorization of the difference between two such
values, which can be viewed as the exponential of a special value of a Green’s function on the upper half plane.
From numerical computations, they conjectured that the special values of certain higher Green’s functions also
enjoy similar algebraicity property. We will revisit this conjecture and discuss some recent progress. (Received
September 06, 2018)

1145-11-438 Vinayak Vatsal* (vatsal@math.ubc.ca), UBC Math Department, Vancouver, BC ,
Canada. A new direction in the theory of complex multiplication.

I will report on some of my recent work, with special emphasis on the aspects which suggest new directions in

the theory of complex multiplication. (Received September 06, 2018)

1145-11-444 Carrie E. Finch-Smith* (finchc@ulu.edu). Riesel and Sierpiriski numbers in special
sequences. Preliminary report.

In 1956, H. Riesel noticed that 509203 has a special property: the sequence 509203-2™ —1 (where n =1,2,3,...)

contains no primes. A few years later, W. Sierpinski found a similar sequence; 78557 - 2™ 4 1 also comprises only

composite integers. The integers 509203 and 78557 are called Riesel and Sierpinski numbers, respectively. In

this talk, we will discuss familiar sequences of integers that contain infinitely many Riesel or Sierpinski numbers.

(Received September 06, 2018)

1145-11-454 Amir Akbary and Alia Hamieh* (alia.hamieh@unbc.ca). Value-distribution of cubic
Hecke L-functions.

A significant part of the research in number theory studies the values of L-functions in the critical strip 0 < R(s) <
1. The L-functions in their value-distribution cary important information about the underlying structures. In
this talk, we survey some recent value-distribution results. We also describe a value-distribution theorem for
the logarithms and logarithmic derivatives of a family of L-functions attached to cubic Hecke characters. As
a corollary of our results, we establish the existence of an asymptotic distribution function for the error term
of the Brauer-Siegel asymptotic formula for a certain family of cubic extensions of Q(y/—3). We also deduce a
similar result for the Euler-Kronecker constants of this family. This is joint work with Amir Akbary. (Received
September 06, 2018)

1145-11-459 Eva G Goedhart* (goedhart@lvc.edu) and Helen G Grundman. Using Continued
Fractions to Solve a Family of Diophantine Equations.

For positive integers a, b, ¢, k with k > 7, T will show how the family of Diophantine equations (a?cX k

1)(b%cY* — 1) = (abcZ* — 1)? has no integer solutions z, y, z > 1 with a2z* # b?y* by using the simple

continued fraction expansion of possible solutions to contradict known results. While this will be my focus for

this presentation, the proof also uses a Diophantine approximation theorem. (Received September 06, 2018)

1145-11-490 Jan Vonk* (jan.vonk.jv@gmail.com), Mathematical Institute, University of Oxford,
Woodstock Road, Oxford, Oxfordshir OX2 6GG, United Kingdom. Non-abelian Chabauty
and rational points on curves.

In this talk, I will report on some recent progress on the subject of the non-abelian method of Chabauty-Kim

for the explicit determination of the set of rational points on curves of higher genus. In joint work with Jennifer

Balakrishnan, Netan Dogra, Steffen Miiller, and Jan Tuitman, this lead to the explicit determination of the

rational points on the ’cursed’ modular curve with non-split Cartan structure of level 13. (Received September

07, 2018)
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1145-11-491 David Zureick-Brown* (dzb@mathcs.emory.edu), 400 Dowman Drive, Atlanta, GA
30322, and Jordan Ellenberg and Matthew Satriano. Counting points, counting fields,
and heights on stacks.

A folklore conjecture is that the number Ng(K, X) of degree-d extensions of K with discriminant at most d is

on order cg X. In the case K = Q, this is easy for d=2, a theorem of Davenport and Heilbronn for d=3, a much

harder theorem of Bhargava for d=4 and 5, and completely out of reach for d > 5. More generally, one can ask
about extensions with a specified Galois group G; in this case, a conjecture of Malle holds that the asymptotic

growth is on order X“(logX)b for specified constants a,b.

The form of Malle’s conjecture is reminiscent of the Batyrev—Manin conjecture, which says that the number of
rational points of height at most X on a Batyrev—Manin variety also grows like X“(logX)b for specified constants
a,b. What’s more, an extension of Q with Galois group G is a rational point on a Deligne-Mumford stack called
BG, the classifying stack of G. A natural reaction is to say ”the two conjectures is the same; to count number
fields is just to count points on the stack BG with bounded height?” The problem: there is no definition of
the height of a rational point on a stack. I’ll explain what we think the right definition is, and explain how it
suggests a heuristic which has both the Malle conjecture and the Batyrev—Manin conjecture as special cases.
(Received September 07, 2018)

1145-11-492 David Zureick-Brown* (dzb@mathcs.emory.edu), 400 Dowman Drive, Atlanta, GA
30322. Progress on Mazur’s Program B.

T’ll discuss recent progress on Mazur’s ” Program B” — the problem of classifying all possibilities for the ”image
of Galois” for an elliptic curve over Q (equivalently, classification of all rational points on certain modular curves
$X_HS).

This will including my own recent work with Jeremy Rouse which completely classifies the possibilities for
the 2-adic image of Galois associated to an elliptic curve over the rationals. I will also discuss a large number of
other very recent results by many authors. (Received September 07, 2018)

1145-11-493 Stanley Yao Xiao* (stanley.xiao@utoronto.ca), Department of Mathematics,
University of Toronto, 40 St. George Street, Toronto, Ontario M5S 2E4, Canada. Binary
quartic forms with vanishing J-invariant.

In this talk we enumerate GL2(Z)-equivalence classes of totally real integral binary quartic forms with vanishing

J-invariant with bounded discriminant. Time permitting, we will also discuss applications to enumerating 2-

Selmer elements of elliptic curves with a marked two torsion point. (Received September 07, 2018)

1145-11-495 Jan Vonk* (jan.vonk.jv@gmail.com), Mathematical Institute, University of Oxford,
Woodstock Road, Oxford, Oxfordshir OX2 6GG, United Kingdom, and Henri Darmon.
Towards a p-adic theory of singular moduli for real quadratic fields.

In recent work with Henri Darmon, the notion of a ”Rigid meromorphic cocycle” was introduced, to provide

an analogue for real quadratic fields of singular moduli, which occupy centre stage in CM theory. I will discuss

recent progress towards proving certain aspects of the largely conjectural ”RM theory” that results. (Received

September 07, 2018)

1145-11-508 ‘Watson Bernard Ladd* (watsonbladd@gmail.com), 1704 63rd Street #F, Berkeley, CA
94703, and Jeffery Hein and Gonzalo Tornaria. Algebraic modular forms on SO5(Q)
and the computation of paramodular forms.

Until recently, examples of paramodular forms with many Euler factors were very hard to find. This talk discusses

how algebraic modular forms can be used to compute paramodular forms using a conjecture of Ibukiyama and

some computer time we have produced tables of some paramodular forms of prime levels between 3 and 400 and

weight 3. These results were published in the presenter’s dissertation. (Received September 08, 2018)

1145-11-520 Padmavathi Srinivasan* (psrinivasan4l@math.gatech.edu) and Andrew Obus.
Conductors and minimal discriminants of hyperelliptic curves in odd residue characteristic.
Preliminary report.

Conductors and minimal discriminants are two measures of degeneracy in a family of hyperelliptic curves. We

will outline recent progress in extending Liu’s inequality in genus 2 relating these two invariants to hyperelliptic

curves of arbitrary genus when the residue characteristic is odd. This is joint work with Andrew Obus. (Received

September 08, 2018)
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1145-11-522 John Friedlander*, Department of Mathematics, University of Toronto, 40 St. George
Street, Toronto, Ontario M5S 2E4, and Henryk Iwaniec. Coordinate distribution of
Gaussian primes. Preliminary report.

We are interested in counting the frequency of ”Gaussian” primes a + 2bi when both a and b are taken from

arithmetically interesting sequences. In particular, we can succeed if we take a to be prime and b to be an

”almost-prime” having no more than seven prime factors. (Received September 08, 2018)

1145-11-523 Kamal Khuri-Makdisi*, Mathematics Department, American University of Beirut,
Beirut, Lebanon. Jacobian group operations for typical divisors on curves.

Consider the question of efficiently implementing Jacobian group arithmetic for a curve C' of genus g, over a finite
field K with very large cardinality ¢ = |K| > g. Many algorithms to do this are formulated for the “typical”
case, which holds for “most” divisors once ¢ is very large; so one is in practice very unlikely to encounter a
nontypical divisor. This talk presents an explicit characterization of typical divisors for an arbitrary genus g
curve with a rational point, with a precise bound on how unlikely a nontypical divisor is over a finite field.
The main result is algorithms which succeed if and only if the input is typical, and which therefore provide a
certificate that the input was typical in case of success. (Received September 08, 2018)

1145-11-546 ‘Wanlin Li*, UW-Madison Department of Mathematics, Van Vleck Hall, 480 Lincoln

Drive, Madison, WI 53706. Vanishing of Hyperelliptic L-functions at the Central Point.
We obtain a lower bound on the number of quadratic Dirichlet L-functions over the rational function field which
vanish at the central point s = 1/2. This is in contrast with the situation over the rational numbers, where a
conjecture of Chowla predicts there should be no such L-functions. The approach is based on the observation
that vanishing at the central point can be interpreted geometrically, as the existence of a map to a fixed abelian
variety from the hyperelliptic curve associated to the character. (Received September 09, 2018)

1145-11-559 Sun Kim* (ssunny8079@hanmail.net). Ramanujan’s modular equations and colored
partition identities.

Ramanujan’s modular equations of prime degrees 3, 5, 11, 7 and 23 are associated with elegant colored partition

theorems. In 2005, S. O. Warnaar established a general identity which implies the modular equations of degrees

3 and 7. In this talk, we discuss a generalization of the remaining modular equations of degrees 5, 11 and 23.

We also derive many other partition identities from this generalization. (Received September 10, 2018)

1145-11-565 Mutasim Mim* (mutasim.mim16@stjohns.edu), 300 Howard Ave., New York, NY 10301.
On a generalization of Wilson’s Theorem. Preliminary report.

Wilson’s Theorem says that for every prime number n we have a congruence (n—1)! = —1( mod n). We generalize

this result for any integer number n. (Received September 10, 2018)

1145-11-567 Lin Jiu*, Department of Mathematics & Statistics, Dalhousie University, 6316 Coburg
Road, Halifax, NS B3H 4R2, Canada, and Diane Shi, School of Mathematics, Tianjin
University, No.135 Yaguan Road, Tianjin, 300350, Peoples Rep of China. Matriz
Representation for Higher-Order Euler Polynomials.

We study the Euler polynomials of order p, which are denoted by Eflp ) (z). Define a doubly infinite band matrix

c—2 2 0 0 0
1 z— £ —% 0 0
0 1 z—L
RE® — | 0 0 1 —nlndp-l) 0
z—2 _(n+1¥n+p)
0 0 0 1

Then, the left upper m x m block of RE(®) generates all E,(lp)(x) through its powers, for n < m.

To obtain this matrix representation, the key theorem is to connect the moments of a random variable and the
generalized Motzkin numbers, through the same J-fractions. Since recent result recognize ET(LP ) (z) as moments
of certain random variable, by the key theorem, we can view them also as generalized Motzkin numbers. Then,
the matrix representation follows naturally from the lattice path interpretation.

Analogue for the Bernoulli polynomials, By (z), is also obtained. (Received September 10, 2018)
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1145-11-596 Jayce Robert Getz* (jgetz@math.duke.edu). Secondary terms in asymptotics for the
number of zeros of quadratic forms over number fields.

Let Q be a nondegenerate quadratic form on a vector space V of even dimension n over a number field F . Via the

circle method or automorphic methods one can give an asymptotic formula for smoothed sums over the number

of zeros of the quadratic form whose coordinates are of size at most X (properly interpreted). We refine these

results to obtain a secondary term in the expansion. (Received September 11, 2018)

1145-11-627 Jared Duker Lichtman and Carl Pomerance*, carl.pomerance@dartmouth.edu. The
Erdds congecture for primitive sets.

A subset of the integers larger than 1 is primitive if no member divides another. Erdés proved in 1935 that the

sum of 1/(aloga) for a running over a primitive set A is universally bounded over all choices for A. In 1988 he

asked if this universal bound is attained for the set of prime numbers. In this paper we make some progress on

several fronts, and show a connection to certain prime number “races” such as the race between m(z) and li(z).

(Received September 11, 2018)

1145-11-633 David P. Roberts* (roberts@morris.umn.edu), Division of Science and Mathematics,
University of Minnesota Morris, Morris, MN 56267. Quadratic relations between Feynman
integrals.

The theory of periods in arithmetic geometry provides a general framework for understanding the transcendence

properties of a broad class of integrals. A genus g curve over Q gives a classical instance of this theory. It has a

2g-by-2g matrix of periods P. While the entries of this matrix are expected to be transcendental numbers, they

satisfy quadratic relations of the form
PDP' = B.

Here D and P are antisymmetric matrices with rational entries, coming from “de Rham” and “Betti” cohomology

respectively.

The talk will explain how integrals arising in quantum field theory conjecturally also fit into this framework.

The integrals in question are moments of classical Bessel functions,

/ - I¢KStcdt.
0
We explain how we were led to package these integrals into an infinite sequence of square matrices Py, and how

we found explicit formulas for associated rational-entry matrices Dy, and By, so that conjecturally Py Dy Pf = By,
always holds.

The talk will be accessible to undergraduates, but will also give brief indications of deeper number-theoretic
content, such as connections with special values of L-functions. This is joint work with David Broadhurst.
(Received September 11, 2018)

1145-11-673 Stephan Ramon Garcia* (stephan.garcia@pomona.edu), 610 N College Ave, Claremont,

CA 91711. Mean, median, and mode factorization lengths in numerical semigroups.
A numerical semigroup is an additive subsemigroup of (N, +). If n1,n2,...,ng are generators for a numerical
semigroup S, then a factorization of n is an expression n = ajni + --- + axng, in which the natural number
a1+ - -+ ag is the length of the factorization. Much of the literature deals with extremal factorization behavior,
such as the maximum and minimum factorization lengths. Quantities of intermediate size, such as the mean,
median, and mode factorization lengths are more subtle. We use techniques from analysis and probability to
describe the asymptotic behavior of these quantities. Surprisingly, the asymptotic median factorization length
is described by a number that is usually irrational. This is joint work with Christopher O’Neill and Samuel Yih.
(Received September 12, 2018)

1145-11-687 Darren B Glass* (dglass@gettysburg.edu), 300 N Washington Street, Gettysburg, PA
17325. Arithmetical Structures on Graphs.

Given a finite connected simple graph, we define an arithmetical structure on the graph to be a labelling of

the vertices with positive integers so that the label of each vertex is a divisor of the sum of the labels of its

neighbors. Lorenzini showed that any graph has a finite number of arithmetical structures but his proof did not

give insight into the actual number of structures. In this talk, we discuss results with various coauthors that

make this number explicit for certain families of graphs. (Received September 12, 2018)

1145-11-744 Byungchul Cha* (cha@muhlenberg.edu), 2400 W Chew st, Allentown, PA 18104, and
Dong Han Kim. The Lagrange and Markov Spectra of Pythagorean triples.

Call (p,q) a Pythagorean pair if p and q are positive integers such that p? 4 ¢2 is a perfect square. Draw a

line ¢ from the origin into the first quadrant of the xy-plane. Suppose we want ¢ to avoid all but finitely many
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Pythagorean pairs with as large a margin as possible. What is the greatest possible margin? What is the second
greatest?

In 2008, Romik used a certain ternary tree consisting of Pythagorean triples to define a dynamical system
on the unit quarter circle. We will study a Lagrange spectrum arising from Romik’s dynamical system. This
provides a natural setting for intrinsic Diophantine approximation on the unit circle. Our result gives a complete
answer to the questions posed above. In addition, we obtain an analogue in this context to a classical theorem
on Lagrange and Markoff spectra, which was first proved by Markoff in 1879. (Received September 13, 2018)

1145-11-761 Michele Fornea* (michele.fornea@mail.mcgill.ca). Growth of the analytic rank of
rational elliptic curves over quintic fields.

We show that the analytic rank of a rational elliptic curve, with odd conductor and at least one prime of

multiplicative reduction, grows over a positive proportion of quintic fields. (Received September 14, 2018)

1145-11-776 Robert Hines* (robert.hines@colorado.edu). Ezamples of badly approzimable vectors
over number fields. Preliminary report.

We consider approximation of vectors z € FF® R =2 R” x C*® by elements of a number field F' and construct

examples of badly approximable vectors. These examples come from compact subspaces of SL2(Op)\SL2(F®R)

naturally associated to (totally indefinite, anisotropic) binary quadratic and Hermitian forms, a generalization of

the well-known fact that quadratic irrationals are badly approximable over Q. (Received September 14, 2018)

1145-11-777 Robet Hines* (robert.hines@colorado.edu). Badly approzimable numbers over
imaginary quadratic fields. Preliminary report.

We recall the notion of nearest integer continued fractions over the Euclidean imaginary quadratic fields K and

characterize the “badly approximable” numbers, (z such that there is a C' = C(z) > 0 with |z — p/q| > C/|q|?

for all p/q € K), by boundedness of the partial quotients in the continued fraction expansion of z. Applying this

algorithm to “tagged” indefinite integral binary Hermitian forms demonstrates the existence of entire circles in

C whose points are badly approximable over K, with effective constants.

By other methods (the Dani correspondence), we prove the existence of circles of badly approximable numbers
over any imaginary quadratic field. Among these badly approximable numbers are algebraic numbers of every
even degree over Q, which we characterize. All of the examples we consider are associated with cocompact
Fuchsian subgroups of the Bianchi groups SL2(O), where O is the ring of integers in an imaginary quadratic
field. (Received September 14, 2018)

1145-11-793 John Cullinan*, Department of Mathematics, Bard College, Annandale-On-Hudson, NY
12401. A probabilistic local-global principle for torsion on elliptic curves.

Fix an integer m > 1. Let E be an elliptic curve over Q with the property that #E(F}) is divisible by m for all

but finitely many primes p. While F is isogenous to an elliptic curve E’ such that #E’(Q)tors is divisible by m,

but it may not be the case that #FE(Q)tors is divisible by m. Ordered by height, we show the probability that a

curve with m | #E(F;) also has m | #E(Q)tors is nonzero and we compute the probability explicitly in several

cases. This is joint work with John Voight. (Received September 14, 2018)

1145-11-797 Marc Chamberland* (chamberl@grinnell.edu), 1116 8th Ave., Grinnell, IA 50112, and
Eugene Herman (eaherman@gmail.com). Factoring m? + 1. Preliminary report.

Dirichlet’s Theorem on Arithmetic Progressions, an important result in prime number theory, states that any
linear sequence {an + b : n a positive integer} with gcd(a,b) = 1 contains infinitely many primes. However, very
little is known about nonlinear polynomial sequences. In this talk, we look at how m?+1 factors when m is chosen
to be an appropriate polynomial. This includes the use of continuants, a tool usually seen in conjunction with
continued fractions, and Keller maps, polynomial maps associated with the famous Keller Jacobian Conjecture.
(Received September 14, 2018)

1145-11-806 Leo Goldmakher*, Williams College, Williamstown, MA 01267, and Greg Martin,
UBC, Vancouver, BC , Canada. Some refinements of Artin’s conjecture.

In 1927, Artin gave a heuristic argument that 2 is a primitive root (mod p) approximately 37% of the time. No

one has been able to make his argument rigorous, and even the weaker problem of showing that 2 is a primitive

root (mod p) for infinitely many p remains open.

Artin’s initial heuristic has been generalized, giving rise to conjectures on the proportion of primes p for which
any given integer is a primitive root (mod p); the most general form of this is now known as Artin’s conjecture.
In this talk I will describe several new conjectures (joint with Greg Martin, UBC) on the proportion of the time
a given integer is “almost” a primitive root (mod p). Our conjectures subsume Artin’s conjecture, and are borne



11 NUMBER THEORY 75

out in computations. I’ll also prove that our conjectures hold on average, and derive some consequences of this.
For example, we obtain a new proof that Artin’s conjecture holds on average, a result originally due to Goldfeld.
(Received September 15, 2018)

1145-11-820 Eun Hye Lee* (elee211@uic.edu), 851 S Morgan St., Chicago, IL 60607, and Ramin
Takloo-Bighash (rtakloo@uic.edu), 851 S Morgan St., Chicago, IL 60607. On certain
multiple Dirichlet series. Preliminary report.

In this talk, I will be talking about the analytic properties of multiple Dirichlet series defined using the space of

binary cubic forms. First I will construct the double zeta function from the 2 (out of 4) semi-invariants of the

binary cubic forms, and then I will prove its meromorphic continuation to the whole C? via sufficiently many
functional equations and show where the poles are. This work is joint with Ramin Takloo-Bighash. (Received

September 15, 2018)

1145-11-826 Sergiy Koshkin* (koshkins@uhd.edu). Linear divisibility sequences and cyclotomic
polynomials.

Divisibility sequences are defined by the property that if m|n then am|an. Those of them that also satisfy a

linear recurrence, like the Fibonacci numbers, are generated by polynomials that divide themselves composed

with every positive integer power. We completely characterize such polynomials and their factorizations into

cyclotomic polynomials in terms of simple diagrams. We also determine when they generate strong divisibility

sequences, i.e. ged(am,an) = ged(m,n)- (Received September 15, 2018)

1145-11-889 Jeffrey Yelton* (jeffery.yelton@unimi.it). Galois actions associated to hyperelliptic
curves over local fields.

To any hyperelliptic curve C over a field K, we consider the ¢-adic representation coming from the natural Galois
action on the ¢-adic Tate module of its Jacobian. When K is a local field with residue characteristic p > 0, I will
discuss an approach to determining the restriction of this ¢-adic action to the inertia subgroup I for each prime
¢ # p, using a joint result with H. Hasson that describes the action of I on the prime-to-p étale fundamental
group of a punctured projective line. I will finish by presenting some results on global ¢-adic Galois images which
arise as direct applications of such a description of the inertia action at various primes. (Received September
17, 2018)

1145-11-907 George E Andrews* (geal@psu.edu), 306 McAllister Bldg., Math Dept, Pennsylvania
State University, University Park, PA 16802. Dyson’s Favorite Identity and Chebyshev
Polynomials.

During World War ii, Freeman Dyson and W. N. Bailey corresponded on generalizations of the Rogers-Ramanujan
identities. Dyson found many such, and in his 1988 article, A Walk Through Ramanujan’s Garden, named the
Rogers-Ramanujan type expansion for the generating function of partitions into parts not divisible by 9 as his
favorite. In this talk, we shall consider generalizations of Dyson’s favorite identity related to the Chebyshev
polynomials of the third kind. We obtain some surprising new identities as well as applications to 9-th order
mock theta functions. (Received September 17, 2018)

1145-11-910 Chantal David, Ayla Gafni* (agafniQur.rochester.edu), Amita Malik, Neha
Prabhu and Caroline Turnage-Butterbaugh. Eztremal primes for elliptic curves
without complex multiplication.

Fix an elliptic curve E over Q. An extremal prime for E is a prime p of good reduction such that the number

of rational points on E modulo p is maximal or minimal in relation to the Hasse bound. In this talk, I will

discuss what is known and conjectured about the number of extremal primes p < X, and give the first non-trivial
upper bound for the number of such primes when FE is a curve without complex multiplication. The result is
conditional on the hypothesis that all the symmetric power L-functions associated to E are automorphic and
satisfy the Generalized Riemann Hypothesis. In order to obtain this bound, we use explicit equidistribution
for the Sato-Tate measure as in recent work of Rouse and Thorner, and refine certain intermediate estimates
taking advantage of the fact that extremal primes have a very small Sato-Tate measure. (Received September
17, 2018)
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1145-11-956 Alexander Weston Walker* (alexander.walker@rutgers.edu), Hill Center for the
Mathematical Sciences, 110 Frelinghuysen Road, Piscataway Township, NJ 08854.
Cancellation in the Partial Sums of Fourier Coefficients of Modular Forms.

Many arithmetic problems concern the degree of cancellation in a partial sum. For example, the Riemann

hypothesis is equivalent to square-root cancellation in the partial sums of the Mobius function. In many cases,

greater-than-squareroot cancellation is known to fail.

Greater-than-squareroot cancellation can be found in the error estimates for both Gauss’ Circle Problem and
Dirichlet’s Divisor Problem. In this talk, I show how both of these problems may be addressed by studying the
partial sums of Fourier coefficients of modular forms. In this way, we create a large class of partial sums which
exhibit extraordinary cancellation. (Received September 17, 2018)

1145-11-960 Katherine Gallagher* (kgallal7@nd.edu), Katja Vassilev and Lucia Li. Lacunarity
of Han-Nekrasov-Okounkov q-series.

A power series is called lacunary if “almost all” of its coefficients are zero. Integer partitions have motivated the
classification of lacunary specializations of Han’s extension of the Nekrasov-Okounkov formula. More precisely,
we consider the modular forms

Fapo(2) i= n(24az)%n(24acz)’—*

n(24z)

defined in terms of the Dedekind n-function, for integers a, ¢ > 1 where b > 1 is odd throughout. Serre determined
the lacunarity of the series when a = ¢ = 1. Later, Clader, Kemper, and Wage extended this result by allowing
a to be general, and completely classified the F, p 1(z) which are lacunary. Here, we consider all ¢ and show that

)

for a € {1,2, 3}, there are infinite families of lacunary series. However, for a > 4, we show that there are finitely
many triples (a, b, c) such that F, ; .(2) is lacunary. In particular, if @ > 4, b > 7, and ¢ > 2, then Fy, 3 .(z) is
not lacunary. Underlying this result is the proof the t-core partition conjecture proved by Granville and Ono.
(Received September 17, 2018)

1145-11-986 Naveen Somasunderam* (somasunn@oregonstate.edu) and Clayton Petsche.
Equidistribution of sequences on the p-adic unit ball.

Techniques from harmonic analysis play a crucial role in understanding problems in analytic number theory. For

example, in 1916 Hermann Weyl initiated the study of the equidistribution of sequences on the additive circle,

connecting Fourier analysis to number theoretic dynamics.

Such techniques can be extended to other locally compact abelian groups. We look at the p-adic unit ball Zp
as one such example, and show how Fourier analytic techniques can give us an understanding of the distribution
of sequences. We show a LeVeque type inequality for the discrepancy and use it look at the quantitative behavior
of the linear sequence na +b, where a is a unit in Zp. (Received September 18, 2018)

1145-11-988 Naveen Somasunderam* (somasunn@oregonstate.edu). Harmonic analysis on the
p-adic unit ball.

The p-adic fields play a central role in modern number theory, and hence the behavior of sequences over these
fields are of considerable interest.

We show how fourier analysis on the circle can be extended to the p-adic unit ball Zp, and use it to analyze
the behavior of sequences.

The techniques we consider are easily accessible to undergraduates who have taken a semester of advanced
calculus and algebra. We shall conclude with some interesting open questions. (Received September 18, 2018)

1145-11-1030 Asif Ali Zaman* (aazaman@stanford.edu), Stanford University. Primes represented by
positive definite binary quadratic forms.

The distribution of primes represented by positive definite integral binary quadratic forms is a classical topic
within number theory and has been intensely studied over centuries. We will investigate counting the number
of primes up to x represented by a given form when «x is close to the conjectural threshold of equidistribution.
Several different flavors will be discussed: unconditional, conditional on the Grand Riemann Hypothesis, and on
average over discriminants. One key feature will be that non-trivial upper bounds are obtained when the size
of z is a small power of the discriminant and, in many cases, this size will be essentially optimal. (Received
September 18, 2018)
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1145-11-1033 Katharine Woo*, katywoo@stanford.edu, and Naomi Sweeting,
nsweeting@uchicago.edu. Formulas for Chebotarev densities of Galois extensions of number
fields.

We generalize the Chebotarev density formulas of Dawsey (2017) and Alladi (1977) to the setting of arbitrary

finite Galois extensions of number fields L/K. In particular, if C C G = Gal(L/K) is a conjugacy class, then

we establish that the Chebotarev density is the following limit of partial sums of ideals of K:

o px() _|C]
PLISDD

snm<x NI Gl
1€S(L/K;C)
where pg (I) denotes the generalized M6bius function and S(L/K;C) is the set of ideals I C O such that I

has a unique prime divisor p of minimal norm and the Artin symbol [L/—K] is C. To obtain this formula, we

generalize several results from classical analytic number theory, as well as Alladi’s concept of duality for minimal
and maximal prime divisors, to the setting of ideals in number fields. (Received September 18, 2018)

1145-11-1039 Asif Ali Zaman* (aazaman@stanford.edu), Stanford University. Moments of other
random multiplicative functions.

Random multiplicative functions naturally serve as models for number theoretic objects such as the Mobius
function. After fixing a particular model, there are many interesting questions one can ask. For example, what
is the distribution of their partial sums? Harper has recently made remarkable progress for partial sums of
random multiplicative functions with values that lie on the complex unit circle. He settled the correct order
of magnitude of their gth moments for all real ¢ > 0 and surprisingly established that one expects better than
square-root cancellation in their partial sums. We extend Harper’s analysis to a wider class of multiplicative
functions such as those modeling the coefficients of higher degree L-functions. (Received September 18, 2018)

1145-11-1041 Bruce C Berndt* (berndt@illinois.edu), Department of Mathematics, University of
Illinois, 1409 W. Green St., Urbana, IL 61801, George E Andrews
(andrews@math.psu.edu), Dept. of Mathematics, Pennsylvania State University, University
Park, PA, Song Heng Chan (chansh@ntu.edu.sg), School of Physical and Mathematical
Sciences, Nanyang Technological University, 21 Nanyang Link, Singapore, Singapore, Sun
Kim (skim@uni-koeln.de), Mathematical Institute, University of Cologne, Weyertal 86-90
50932, Cologne, Germany, and Amita Malik (amita.malik@rutgers.edu), Department of
Mathematics, Rutgers University, 110 Frelinghuysen Rd, Piscataway, NJ 08854. Identities
for Third Order Mock Theta Functions from Ramanujan’s Lost Notebook.

Using the famous Atkin—Swinnerton-Dyer Lemma, Hamza Yesilyurt provided very nice proofs of four identities

for third order mock theta functions found on pages 2 and 17 in Ramanujan’s Lost Notebook. Since it is unlikely

that Ramanujan used this Lemma from complex analysis, there is motivation to find proofs using the theory of
g-series. In collaboration with George Andrews, Song Heng Chan, Sun Kim, and Amita Malik, such proofs have

now been given. As corollaries, new relations for ranks are established. (Received September 18, 2018)

1145-11-1074 Steven M Gonek* (gonek@math.rochester.edu), Department of Mathematics, University
of Rochester, Rochester, NY 14627. The Lindeldf hypothesis for primes is equivalent to the
Riemann hypothesis.

t

The classical Lindelof hypothesis is equivalent to a certain estimate for the sums Z n*. We propose that a

n<z
more general form of the Lindelof hypothesis is true, one involving similar estimates for sums of the type

§ :TL”,

n<z

neN
where N can be a rather general sequence of real numbers. We support this with various examples and show that

when A is the sequence of prime numbers, the truth of our conjecture is equivalent to the Riemann hypothesis.
Moreover, if our conjecture holds when N is the sequence of primes congruent to a(modgq), with a coprime to
q, then the Riemann hypothesis holds for all Dirichlet L-functions with characters modulo ¢, and conversely.
These results suggest that a general form of the Lindelof hypothesis may be true that is in some sense more
fundamental than either the classical Lindel6f hypothesis or the Riemann hypothesis. This is joint work with
Sid Graham and Yoonbok Lee. (Received September 18, 2018)

1145-11-1079 Fatma Cicek* (fcicek@ur.rochester.edu), 60 Crittenden Blvd Apt 326, Rochester, NY
14620, and Steve Gonek. The distribution of log ((s) near its zeros.

Selberg’s central limit theorem asserts that the distribution of the logarithm of the Riemann zeta-function near

the critical line is an approximate two-dimensional normal distribution. Selberg’s method and later Hejhal’s work
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on the distribution of log¢’(s) used continuous moments to obtain results about the distribution. In this talk,
we will investigate the distribution of the zeta-function and its derivative by calculating the following discrete
moments
> (logl¢(p+w))*  and ST (logl¢ (o))"
T<~<2T T<~<2T
Our results are conditional on the Riemann Hypothesis together with a zero-spacing hypothesis. This is joint
work with Steve Gonek. (Received September 18, 2018)

1145-11-1084 Zane Kun Li* (zkli@math.ucla.edu). An 12 decoupling interpretation of efficient
congruencing in 2D.

There are two apriori different looking proofs of Vinogradov’s mean value theorem. One is Wooley’s number
theoretic efficient congruencing approach and the other is Bourgain, Demeter, and Guth’s harmonic analysis
approach by proving an 2 decoupling theorem for the moment curve. In two dimensions, we give a precise
interpretation of efficient congruencing using decoupling. Quantitative estimates will also be given which yields
an application to the sixth-order correlation of integer points on a circle recovering unconditionally a result of
Bombieri and Bourgain. (Received September 18, 2018)

1145-11-1102 David Lowry-Duda* (d.lowry@warwick.ac.uk). Zeroes of L-functions associated to
half-integral weight modular cusp forms. Preliminary report.

Automorphic L-functions are expected to satisfy a Riemann hypothesis and a Lindelof Hypothesis. But L-

functions associated to half integral weight L-functions do not generally satisfy the Riemann Hypothesis. In this

talk, we examine ongoing work to study the behaviour and distribution of zeroes of these half integral weight

L-functions. (Received September 19, 2018)

1145-11-1123 Christelle Vincent* (christelle.vincent@uvm.edu), Department of Mathematics and
Statistics, 16 Colchester Avenue, Burlington, VT 05401. Computing hyperelliptic modular
invariants from period matrices. Preliminary report.

We define the modular invariants of a hyperelliptic curve to be the value of certain Siegel modular functions that

correspond to classical invariants of hyperelliptic curves, evaluated at a period matrix of the Jacobian of the

curve. In this talk, we discuss this correspondence between modular functions and invariants of curves, as well
as certain computational considerations that arise when recognizing the invariants as algebraic numbers from
their floating point approximation. This is joint work with Ionica, Kilicer, Lauter, Lorenzo Garcia, Massierer,

and Manzateanu. (Received September 19, 2018)

1145-11-1168 Xuancheng Shao* (fernandoshao@gmail.com). Gowers uniformity of primes in
arithmetic progressions and in short intervals.

A celebrated theorem of Green-Tao asserts that the set of primes is Gowers uniform (after W-trick). In this talk

I will discuss results of this type for primes restricted to either arithmetic progressions or short intervals. As

applications, these results will allow us to count linear equations in primes restricted to arithmetic progressions

or short intervals. (Received September 19, 2018)

1145-11-1172 Alia Hamieh and Naomi Tanabe* (ntanabe@bowdoin.edu), Brunswick, ME 04011.
Additive Twists of Fourier Coefficients.

In this talk, we study the sum of additively twisted Fourier coefficients of modular forms over totally real

number fields. We also survey some results pertaining to cancellation in the twists. This is an ongoing project.

(Received September 19, 2018)

1145-11-1190 Jeff Hoffstein*, Mathematics Department, Brown University, Providence, RI 02912, and
Maria Nastasecu (maria_nastasescu@brown.edu), Mathematics Department, Brown
University, Providence, RI 02912. Hybrid estimates for quadratic twists of holomorphic
L-series. Preliminary report.

We build on an exact formula of Michel and Ramakrishnan derived from the relative trace formula and obtain,

via the analysis of multiple shifted convolution Dirichlet series some hybrid (in the level and the conductor of

the twist) estimates for holomorphic L-series. (Received September 19, 2018)

1145-11-1196 Amita Malik* (amita.malik@rutgers.edu) and Arindam Roy. Zeros of the derivatives
of the completed Riemann zeta function.

In this talk, we discuss some results on the distribution of imaginary parts of zeros of the derivatives of the

completed Riemann zeta function. This is joint work with Arindam Roy. (Received September 19, 2018)
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1145-11-1201 Isabel Vogt*, MIT Department of Mathematics, 77 Massachusetts Ave, Bldg 2-106,
Cambridge, MA 02139. A local-global principle for isogenies of composite degree.

Let E be an elliptic curve defined over a number field. In this talk, we will address the following question: if

the reduction of E modulo almost all primes has a rational cyclic isogeny of degree N, is E forced to as well?

Building on the work of Sutherland, Anni, and Banwait—Cremona when N is prime, we will focus on the case

that N is composite. (Received September 20, 2018)

1145-11-1207 Steven J Miller*, Department of Mathematics and Statistics, Williamstown, MA 01267.
Rank and Bias in Families of Curves via Nagao’s Conjecture. Preliminary report.

Let X : y? = 22971 4 Ay (T)2%9 + - + Ag(T) be a nontrivial one-parameter family of hyperelliptic curves of
genus g over Q(T) with A;(T) € Z[T]. Denote by X; the specialization of X to an integer ¢, a(p) its trace of
Frobenius, and Ay, x(p) = 324, a¢(p)" its r-th moment. The first moment is related to the rank of the Jacobian
by the generalized Nagao conjecture. Generalizing a result of Arms, Lozano-Robledo, and Miller, we compute
first moments for various families resulting in infinitely many hyperelliptic curves over Q(T') with Jacobian of
moderately large rank; by the specialization theorem, this yields hyperelliptic curves over Q with large rank
Jacobian. When X' is an elliptic curve, Michel proved Az x = p2+0 (p3/2). For the families studied, we observe
the same second moment expansion. Furthermore, we observe the largest lower order term that does not average
to zero is on average negative, a bias first noted by Miller in the elliptic curve case. We prove this bias for a
number of families. This is joint work with Scott Arms, Trajan Hammonds, Seoyoung Kim, Ben Logsdon, and
Alvaro Lozano-Robledo. (Received September 20, 2018)

1145-11-1217 Paul Pollack* (pollack@uga.edu). Some algebraic contributions to Waring’s problem.

“Waring’s problem”, first settled by Hilbert in 1909, is the task of showing that for every positive integer k,
there is a finite g(k) such that every nonnegative integer is a sum of g(k) kth powers of nonnegative integers.
For example, we can take g(2) = 4, since every nonnegative integer is a sum of four squares. While today
the circle method is the principal tool used to study Waring’s problem and its variants, Hilbert’s solution was
more algebraic, depending on the existence of certain polynomial identities. I will survey work on variants of
Waring’s problem where the algebra comes back into focus. Two examples from the work of the speaker: (1) an
analogue of Waring’s problem in the ring of (Lipshitz) integral quaternions, (2) a proof that a certain number

field analogue of g(k) — while always finite — cannot be bounded solely in terms of k. (Received September
20, 2018)
1145-11-1271 Niven T Achenjang* (nachenjang@gmail.com), P.O. Box 13884, Stanford, CA 94309,

and Aaron Berger. On Gaps in the Closures of Images of Divisor Functions.
Given a complex number ¢, define the divisor function o : N — C by oc(n) = Zd|n d€. In this paper, we look at

o_r(N), the topological closures of the image of o_,, when r > 1. We exhibit new lower bounds on the number
of connected components of o_,(N), bringing this bound from linear in r to exponential. Finally, we discuss
the general structure of gaps of o_,(N) in order to work towards a possible monotonicity result. (Received
September 20, 2018)

1145-11-1283 Luis Garcia*, Department of Mathematics, University of Toronto, 40 St. George Street,
#6290, Toronto, M5S 2E4, Canada. Fisenstein cohomology and equivariant transgressions
of the Euler class.

I will this discuss work in progress giving a new construction of Eisenstein classes on GL(n) first defined by

Nori and Sczech, based on results of Bismut and Cheeger providing canonical transgressions of Euler forms. Our

method realises these Eisenstein classes as regularised theta lifts for the dual pair (GL(1),GL(n)) and admits a

natural extension to the pair (GL(r),GL(n)) for r > 1. I will describe the resulting generalisation of the Eisenstein

cocycle and its relation with GL(r,Z) equivariant cohomology of the universal bundle of metrized tori. Joint

work with Nicolas Bergeron, Pierre Charollois and Akshay Venkatesh. (Received September 20, 2018)

1145-11-1313 Ari Shnidman* (ari.shnidman@gmail.com). Intersections of Heegner-Drinfeld cycles.

I’ll discuss some formulas relating intersections of Heegner-Drinfeld cycles to higher order central derivatives
of automorphic L-functions, in the function field setting. This is based on joint works with Ben Howard and
Spencer Leslie. (Received September 20, 2018)
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1145-11-1319 Vorrapan Chandee* (chandee@ksu.edu), Mathematics Department, Kansas State
University, 138 Cardwell Hall, Manhattan, KS 66506, and Yoonbok Lee
(leeyb@inu.ac.kr), Department of Mathematics and, Research Institute of Natural
Sciences, Incheon National University, Incheon, Incheon 22012, South Korea. n-level density
of the low lying zeros of primitive Dirichlet L-functions.

In 1996, Rudnick and Sarnak computed n-correlation of the zeros of the Riemann zeta function when the Fourier

transform f(u1,...,un) of a test function f is supported in the region 2?21 |uj| < 2. The restriction of the

support of the Fourier transform of f is required so that the contribution from the off diagonal terms can be
ignored. However, a good conjecture for n-correlation for arbitrary support is available through random matrix
theory. Using a technique from Conrey, Iwaniec and Soundararajan’s work on asymptotic large sieve, we will
investigate the n-level density of low lying zeros of primitive Dirichlet L-functions in the case that the Fourier
transform f(ul, ..., un) of a test function f is supported in the region Z?zl |uj| < 4. This is the first time for
unitary ensemble that the n-correlation conjecture is verified for a wider range, where off-diagonal terms start
contributing. (Received September 20, 2018)

1145-11-1324 Guillermo Mantilla-Soler* (gmantelia@gmail.com). An £ — p switch trick to obtain a
new proof of a criterion for arithmetic equivalence.

Two number fields are called arithmetically equivalent if they have the same Dedekind zeta function. In the
1970’s Perlis showed that this is equivalent to the condition that for almost every rational prime £ the arithmetic
type of £ is the same in each field. In the 1990’s Perlis and Stuart gave an unexpected characterization for
arithmetic equivalence; they showed that to be arithmetically equivalent it is enough for almost every prime ¢ to
have the same number of prime factors in each field. Here, using an £ — p switch trick, we provide an alternative
proof of that fact based on a classical elementary result of Smith from the 1870’s. Furthermore, we will explain
how our study of the zeta function gives and answer to an open question regarding ramification invariants posted
by Perlis and Stuart. Parts of this work is Joint with Tristram Bogart. (Received September 21, 2018)

1145-11-1363 Seoyoung Kim* (seoyoung_kim@brown.edu), 189 Waterman Street, Unit 3, Providence,
RI 02906. The Sato-Tate conjecture and Nagao’s conjecture.

Nagao’s conjecture relates the rank of an elliptic surface to a limit formula arising from a weighted average
of fibral Frobenius traces, and it is further generalized for smooth irreducible projective surfaces by Hindry
and Pacheco. We show that the Sato-Tate conjecture for abelian surfaces studied by Fité, Kedlaya, Rotger,
Sutherland implies Nagao’s conjecture for certain twist families hyperelliptic curves of genus 2. Moreover, one
can relate analogous discussions for higher genus g to the nonvanishing result on the symmetric power L-functions,
from which analogous proof will hold for certain cases. (Received September 25, 2018)

1145-11-1410 Alexander J Barrios* (abarrios@carleton.edu), Carleton College, Department of
Mathematics and Statistics, One North College Street, Northfield, MN 55057. Minimal
Models of Rational Elliptic Curves with non-Trivial Torsion.

The Frey curve y? = z(z + a)(z — b) for relatively prime integers a and b comes equipped with an easily

computable minimal discriminant. In this talk, we will extend the ideas of the Frey curve by classifying the

minimal discriminant of all rational elliptic curves with non-trivial torsion. (Received September 21, 2018)

1145-11-1412 Geremias Polanco* (gpens@hampshire.edu), 893 West St, Hampshire college, School of
Natural Science, Amherst, MA 01002, and Daniel Schultz and Alexandru Zaharescu.
On the average spacing of fractional parts of sequences generated by irrational numbers.

In this talk we review some results of the nearest neighbor distribution for the sequence of fractional parts given

by n*a, where a is an irrational number. We will show a distribution arising from the case k = 1 that is directly

derived from the three distance theorem. (Received September 21, 2018)

1145-11-1422 Jim Brown* (jimlbQoxy.edu), 1600 Campus Road, Los Angeles, CA 90041, and Hugh
Geller (hgeller@g.clemson.edu), Rico Vicente (ricoevicente@gmail.com) and
Alexandra Walsh (alexandra_walsh@brown.edu). When is the product of two Siegel
eigenforms an eigenform?
In the theory of modular forms, a very natural question to ask is when is the product of two eigenforms again
an eigenform? The answer to this question in the case of elliptic modular forms was provided independently
by Duke and Ghate; they proved there are only finitely many such pairs and gave a complete list. The case
of elliptic modular forms with non-trivial level was handled by Johnson. In REU work this past summer we
considered this question for genus two Siegel modular forms. This case has added difficulties due to the fact
there are not nice clean relations between the Fourier coefficients and Hecke eigenvalues. The REU students
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provided a complete list when the two eigenforms are taken to be Eisenstein series (there is only one pair.) We
conjecture there are no cases where both eigenforms are cuspforms and provided a necessary condition for the
product of two cuspidal eigenforms to be an eigenform. These two cases will be presented in a separate talk by
the students. This talk will focus on work since the completion of the REU on the remaining cases where one
eigenform is a cuspform and one is an Eisenstein series. There is one example in this case and we conjecture
it is the only example. We provide easily checkable necessary conditions for this remaining case. (Received
September 21, 2018)

1145-11-1426 Robert M. Sulman* (sulmanrm@oneonta.edu). Linear Functions (modulo n) and
Associated Algebraic Structure. Preliminary report.

We consider linear maps f(x) = ax+b (mod n) and explore the variety of orbit graphs produced. These graphs

will sometimes have “whiskers” (when gcd(a,n)>1), although these whisker structures will be much simpler

than those found in quadratic orbits (mod n), which will be seen in several examples as well. We will also see

symmetry in the distribution of inverse-pairs (in orbit graph) among the units of the ring of integers modulo n.

Finally, we examine the groups whose elements are linear maps (mod n). (Received September 24, 2018)

1145-11-1439 Manami Roy* (manami.roy.900@gmail.com). Elliptic Curves and Paramodular Forms.

In my talk, I will discuss a connection between elliptic curves and paramodular forms. For an elliptic curve E
over Q with conductor N, there exists a paramodular form (Siegel modular form with respect to the paramodular
subgroup) F of weight 3 such that L(s, F) = L(s, E,sym?3). Moreover, the level of this paramodular form F can
be determined in an explicit and elementary way in terms of the coefficients of the Weierstrass equation of E.
To find an explicit formula for the level of the paramodular form F', one needs to find an exact description of the
underlying local representations of GL(2,Q;) attached to E, and understand Langlands functoriality for sym?.
I will explain these phenomena without going into much technical detail. Also, we will see some computational
aspects of this problem as well. (Received September 21, 2018)

1145-11-1443 Jeffrey C Lagarias* (lagariasQumich.edu), Dept. of Mathematics, Univ. of Michigan,
530 Church Street, Ann Arbor, MI 48109-1043. Generalized Farey Sequences. Preliminary
report.

Generalized Farey Sequences are sequences {G, : n > 1} consisting of finite sets of rational numbers, in
which Go = {%, %} and each sequence G, is obtained from the preceding one G,,_1 by splitting certain of the
subintervals that it determines at their mediants. The usual Farey sequence and the Farey tree (at level n)
are special cases of this general construction. We study various limiting statistical properties of the resulting

sequences, scaled by their cardinalities. (Received September 21, 2018)

1145-11-1467 Gulhan Ayar (gulhanayar@kmu.edu.tr), Karamanoglu Mehmetbey University, Karaman,
Turkey, Kubra Nari* (nari15@itu.edu.tr), Istanbul Technical University, Istanbul,
Turkey, and Enver Ozdemir (ozdemiren@itu.edu.tr), Istanbul Technical University,
Istanbul, Turkey. Primality Test with Singular Curves. Preliminary report.
In this work, we develop a method to determine a given odd integer n = 3 mod 4 is prime or not. The
method will be based on already presented an algorithm for he integers n = 1 mod 4. Prime integers are
main ingredient of the most popular public key cryptosystems like RSA and Elliptic Curve Cryptosystem. For
example, a secure design of an RSA cryptosystem requires prime integers with at least 300 digits. After being
employed in cryptography, the prime integers and primality test has been rigorously studied by many researchers.
Even though, there are 3 main algorithms being used in practice, finding a practical and deterministic primality
test is still considered to be an important problem. In this work, we extend the primality test algorithm for
n =1 mod 4 to cover all integers i.e. for n =3 mod 4. (Received September 22, 2018)

1145-11-1483 Matt Larson* (matthew.larson@yale.edu), Sam Payne and Alan Stapledon. Local h
polynomials and the monodromy conjecture.

For a polynomial f € Z[z1,z2,...,2n] and a prime p, we define the local zeta function Z¢(s) as the integral of

|f|° over Zy . 1gusa’s monodromy conjecture predicts that the singularities of f control the poles of Z¢(s). More

precisely, if p is a pole of Z¢(s), then exp(2miRe(p)) is an eigenvalue of the monodromy transformation of the

Milnor fibration at some point in the singular locus of f.

Assuming f is Newton nondegenerate, both the poles and eigenvalues have combinatorial formulas in terms of
the Newton polyhedron of f. To each facet of the Newton polyhedron, one naturally associates both a candidate
pole p and a contribution to the multiplicity of exp(2miRe(p)) as an eigenvalue of monodromy. The contribution
to this multiplicity is the value at 1 of a combinatorially defined polynomial, which is a relative version of
Stanley’s local h polynomial. By studying combinatorial conditions that are necessary for the vanishing of these
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relative local h-polynomials, we prove several new cases of Igusa’s monodromy conjecture. (Received September
22, 2018)

1145-11-1487 Angelica Castillo (angelica.castilloO1@utrgv.edu), Department of Mathematics,
University of Texas Rio Grande Valley, Edinburg, TX 7839-2999, and Brandt Kronholm*
(brandt.kronholm@utrgv.edu), Department of Mathematics, University of Texas Rio
Grande Valley, Edinburg, TX 7839-2999. A Technique in Partitions.

In a 1974 paper titled “A Technique in Partitions”, H. Gupta describes “...a remarkably simple method of dealing

with generating functions...”

with the goal of establishing closed-term formulas for partition functions restricted
to parts from a finite set. Gupta writes “...this leads to a formula which establishes a perfect relationship between
the number of partitions and a linear combination of certain combinatory functions in which the coefficients are
nonnegative integers.” The formula that Gupta describes is known as a constituent of a quasipolynomial.

The main result of Gupta’s paper shows that the sums of the previously mentioned coefficients for the
constituents from a given quasipolynomial are the same.

In this talk we first revisit Gupta’s proof in order to bring needed clarity to it. We then make use of the
result and establish an infinite family of congruences for a family of restricted partition functions. The family
of restricted partition functions in question is closely related to v (n), the number of partitions of n into k part
sizes and our result may offer further insight into recent work of William Keith. (Received September 22, 2018)

1145-11-1497 Brandt Kronholm* (brandt.kronholm@utrgv.edu), Department of Mathematics,
University of Texas Rio Grande Valley, Edinburg, TX 7839-2999, and Arturo J. Martinez
(arturo.j.martinez01@utrgv.edu), Department of Mathematics, University of Texas Rio
Grande Valley, Edinburg, TX 7839-2999. A Quasipolynomial Decomposition of Partitions
into at most m parts and the Coefficients of Gaussian Polynomials. Preliminary report.

The goal of this presentation is to show that for a fixed N, all Gaussian polynomials [N;rlm]

2lem(m)
m

come in exactly

varieties, where lem(m) represents the least common multiple of the numbers from 1 through m.

It is clear that for a fixed N, the set of partitions of n into at most m parts; p(n,m) can be decomposed
into two collections; partitions with parts not larger than N, denoted p(n, m, N) and partitions with parts larger
than N, denoted P(n,m, N). In short,

p(n,m) = p(n,m, N) + P(n,m, N).
We note that p(n, m, N) corresponds to the coefficients of [N;m}.

It is well known that the quasipolynomial for p(n,m) is periodic with period lecm(m). The period for
P(n,m,N) is shorter. Strangely, the quasipolynomial for p(n,m, N) appears not be periodic at all. We will
discuss these observations and other peculiar behaviour of these functions. (Received September 22, 2018)

1145-11-1508 Antonino Leonardis* (a.leonardis@gmail.com), Via Aosta, 17, 20155 Milano, MI, Italy.
Hybrid Continued Fractions and p-adic algorithms, with some applications to cryptography
and "unimaginable” numbers.

This work will continue the author’s previous studies on continued fractions and Heron’s algorithm, as from

his former JMM2017 presentation. Extending the notion of continued fraction to the p-adic fields, one can find

continued fractions which converge in both real and p-adic topologies to the “same” quadratic irrational number,
some of which are given by the Heron’s algorithm. The definition can be possibly generalized to other global
fields, as left as an open question. We will end the part on hybrid convergence with many numerical examples.

After that, we will recall the basic algorithms on the p-adic fields studied by the author and see some applications

of theirs to computer science: applying Heron’s algorithm to quickly compute p-adic square roots, finding new

elementary cryptography procedures and some methods to get pseudo-random numbers, calculate last digits of

some peculiar very big numbers. (Received September 22, 2018)

1145-11-1529 Sarah Peluse* (speluse@stanford.edu). Bounds for sets without polynomial progressions.
Let Pi,...,Pn € Z[y] be polynomials with zero constant term. Bergelson and Leibman’s generalization of
Szemerédi’s theorem to polynomial progressions states that any A C [N] lacking nontrivial progressions of the
form z,x + P1(y),...,x + Pm(y) satisfies |A| = o(IN). Proving quantitative bounds in the Bergelson—Leibman
theorem is a difficult generalization of the problem of proving reasonable quantitative bounds in Szemerédi’s
theorem, and results are known in only a very small number of special cases. In this talk, I will discuss recent
progress on this problem, including work of mine on long polynomial progressions in finite fields and work of
mine with Sean Prendiville on the progression z,x + y, z + 2 in the integers. (Received September 23, 2018)
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1145-11-1532 Michael J Seaman* (mseaman@caltech.edu), 1200 E California Blvd, Pasadena, CA
91125. A Formula for the Number of Monic Degree m Polynomials in Fq[z] with
Discriminant d.

We show a formula for the distribution of discriminants of monic polynomials over a finite field. For an odd

prime power ¢, integer m > 2, and d € Fy, let |V]"(IF;)| be the number of monic polynomials in Fy[z] of degree

m with discriminant d. We express |V (Fq)| as a discrete Fourier transform of Gauss sums, computable in

polynomial time.

For d # 0, we show

cm(m—1)

1L Gy, (o Pt En O g (1) T 1 (a)°
Vi (Fg)| = x(d & g
Vi (Bl = x(d) Y G

c=1

where 74 is a multiplicative character of order ¢ — 1, ¢ a nontrivial additive character, G]Fq (¢) is the Gauss sum
Gr, (15,%), x is the quadratic character, and
k ged(c,q—1)

B =7 T e blek

0, otherwise
For the discriminant, we compute the local L-functions, explicitly verify the Weil Conjectures, express the
global L-function in terms of Hecke-characters, and deduce classical and new discriminant distribution results.
(Received September 23, 2018)

1145-11-1566 Joshua Harrington and Lenny Jones* (1kjone@ship.edu). A New Condition
Equivalent to the Ankeny-Artin-Chowla Congjecture.

Let p = 1 (mod 4) be prime, and let € = (¢t + u/p)/2 be the fundamental unit of Q (\/;7) In 1952, Ankeny,

Artin and Chowla asked if € always has the property that w Z 0 (mod p). The conjecture that the answer to

this question is affirmative is known as the Ankeny-Artin-Chowla (AAC) conjecture, and is still unresolved. In

this presentation, we present a new condition that is equivalent to the AAC-conjecture. (Received September

23, 2018)

1145-11-1571 Wen-Ching Winnie Li, Ling Long and Fang-Ting Tu* (ftu@lsu.edu), 303 Lockett
Hall, Louisiana State University, Baton Rouge, LA 70803. Computing Special L-Values of
Certain Modular Forms with Complex Multiplication.

In this talk, we will illustrate two explicit methods which lead to special L-values of certain modular forms

admitting complex multiplication, motivated in part by properties of L-functions obtained from Calabi-Yau

manifolds defined over Q. (Received September 23, 2018)

1145-11-1572 Aaron Landesman®* (aaronlandesman@stanford.edu). The geometric average size of
Selmer groups over function fields.

We discuss the problem of computing the average size of the n-Selmer group of elliptic curves over Fq(t), after

first taking a large ¢ limit. Our methods suggest a heuristic for the distributions of Selmer groups: the moments

are the number of orbits of certain orthogonal group actions. (Received September 24, 2018)

1145-11-1601 Edray Herber Goins* (ehgoins@mac.com). Fuchsian Differential Equations with
Prescribed Monodromy: An Introduction to Solving a Quintic Without Using Radicals.
Preliminary report.
We all learn at an early age how to find the roots of a quadratic polynomial using square roots via the Quadratic
Formula. In the 1540’s, Gerolamo Cardano published a method of finding the roots of both cubic and quartic
polynomials using both square roots and cube roots. In 1823, Niels Henrik Abel gave a proof which showed that
the roots of quintic polynomials cannot be expressed in terms of radicals. But in 1858, Charles Hermite showed
that such roots can be expressed in terms of hypergeometric functions!
In this talk, we explain how to express such roots in terms of these functions by reducing the problem to inverting
rational functions by using solutions to certain differential equations. This is a report on work done as part of the
Research Experiences for Undergraduate Faculty (REUF) with Torina Lewis (Clark Atlanta University), Katie
Quertermous (James Madison University), Chris Seaton (Rhodes College), and Alfredo Villanueva (Savannah
State University). (Received September 23, 2018)
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1145-11-1606 Hannah Larson and Ian Wagner* (iwagner@emory.edu). Hyperbolicity of the partition
Jensen polynomials.

A sequence a(n) is log-concave if a(n) > a(n — 1)a(n + 1) for all n. Despite the extensive study of the partition
function it wasn’t until 2013 that Desalvo and Pak established the log-concavity of p(n) for all n > 25. Log-
concavity is just the first of an infinite family of inequalities known as the higher Turan inequalities. A recent
result of Griffin, Ono, Rolen, and Zagier on hyperbolicity of Jensen polynomials implies that the partition
function will eventually satisfy every degree Turan inequality. In joint work, Hannah Larson and I make this
statement effective by showing the degree 3,4, and 5 Turan inequalities are satisfied by p(n) for n > 96,206, and
381 respectively. We also give an upper bound of (i’)tl)24d(50d)3d2 on what n must be in order for p(n) to satisfy
the degree d Turan inequality. (Received September 23, 2018)

1145-11-1609 James A Sellers* (jxs23@psu.edu). Congruences related to an eighth order mock theta
function of Gordon and MclIntosh.

In recent years, congruences for a number of partition functions related to mock theta functions have been

proven by various authors. In this work, we consider arithmetic properties of a partition function related to an

eighth order mock theta function of Gordon and Mclntosh. Via elementary generating function manipulations,

a complete characterization of the parity of this function, as well as several additional divisibility properties, will

be presented. (Received September 23, 2018)

1145-11-1640 Lori D. Watson* (ldwatsonQuga.edu) and Pete L. Clark. Hasse Principle Violations of
Quadratic Twists of Hyperelliptic Curves.

A curve C/Q is said to violate the Hasse Principle if C has points over every completion of Q, but not over Q

itself. Conditionally on the abc conjecture, we show that if a hyperelliptic curve C'/Q is given by an affine model

y? = f(x) where f is a polynomial of even degree > 6 with integer coefficients and no rational roots, then there

are many quadratic twists of C violating the Hasse Principle. (Received September 23, 2018)

1145-11-1651 Paul Pollack* (pollack@uga.edu). Popular values and popular subsets of Euler’s
p-function.

Let N(m) denote the number of preimages of m under Euler’s function. The number of integers that ¢ maps into
[1, N] can be shown to be O(NN), and so the function N(m) is bounded on average. So it is maybe surprising that,
as shown by Erd6s in 1935, the individual values of N(m) can be as large as m¢ (for a constant ¢ > 0) for infinitely
many m. Erdés conjectured that ¢ could be taken arbitrarily close to 1. In fact, under plausible conjectures on
the distribution of smooth shifted primes, Pomerance showed in 1981 that N(m) > m/L(m)*°(1) on an infinite
sequence of m, where L(z) = exp(log z-logs 2/ log, ). Unconditionally, he proved that N(m) < m/L(m)!To(),
whenever m — oo, so that m/L(m)'+°(1) describes the true “maximal order” of N(m).

We discuss recent work counting preimages of subsets of [1, N] (so that N(m) tells the story for singleton
sets). Two corollaries of this work are a conjecturally sharp upper bound for the second moment of N(m), and
a conjecturally sharp upper bound for the count of n with ¢(n) a square. (Received September 23, 2018)

1145-11-1659 Jan Reimann* (jan.reimann@psu.edu), Department of Mathematics, Pennsylvania State
University, University Park, PA 16802. Kolmogorov Complexity and Diophantine
Approximation.
The Kolmogorov complexity of an object is the length of shortest description of the object with respect to a
universal computational device (for example, a universal Turing machine). It is possible to define Kolmogorov
complexity also with respect to weaker computational frameworks, such as polynomial-time bounded Turing
machines. To a certain extent, Diophantine approximation of real numbers can be seen as a version of complexity
with extremely limited computational power. This viewpoint lets us see some core concepts and results in
Diophantine approximation in an information theoretic light. For example, the irrationality exponent of a real
equals its lower asymptotic information density. This opens the door to computability theoretic methods. I will
illustrate this with the help of the Jarnik-Besicovitch theorem in metric Diophantine approximation and Thue’s
theorem on approximation of algebraic numbers. (Received September 23, 2018)

1145-11-1664 Robert J Lemke Oliver and Jiuya Wang* (jiuya.wang@duke.edu), 120 Science, 117
Physics Building, Durham, NC 27708, and Melanie Matchett Wood. Inductive Methods
for Counting Number Fields.

We propose a general framework to inductively prove new results for counting number fields. By using this

method, we prove the asymptotic distribution for extensions with Galois groups in the form of T'? B where

T = S3 or abelian groups and B is an arbitrary group with the associated counting function not growing too

fast. The key ingredient is a uniform estimate on the number of relative extensions with dependency on the base
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field. This is a joint work with Robert J.Lemke Oliver and Melanie Matchett Wood. (Received September 23,
2018)

1145-11-1667 Nathan H. Fox* (nfox@wooster.edu). An Extension of Tree-Based Methods for
Hofstadter-Like Recurrences. Preliminary report.

The most famous and most enigmatic integer sequence defined by a nested recurrence relation is Douglas Hof-
stadter’s @-sequence. Despite some apparent patterns, the long-term behavior of this sequence is poorly un-
derstood. There are similar sequences with much nicer behavior, though. One example is Conolly’s sequence,
defined by the recurrence C(n) = C(n—C(n—1))+C(n—1—C(n—2)) and the initial conditions C'(1) = C(2) =1,
which has a property known in the literature as slow. This and several other slow sequences generated by nested
recurrences are known to have combinatorial interpretations in terms of enumerating leaves in trees. For the
Conolly sequence, the tree-based interpratation proves an intimate connection with the powers of two. In fact,
it has an alternate, purely number-theoretic construction based on powers of two. Replacing powers of two with
Fibonacci numbers in the construction yields a different slow sequence. In this talk, we discuss the properties
of this new sequence and show that it also satisfies a nested recurrence. In particular, the recurrence it satisfies
has higher nesting depth than the Conolly recurrence. We also explain how this sequence has a tree-based
interpretation. (Received September 23, 2018)

1145-11-1684 Joseph A. Vandehey* (vandehey.1@osu.edu) and Anton Lukyanenko. fwasawa
continued fractions and higher-dimensional hyperbolic spaces.

We explore the classical connection between real continued fractions and geodesics on the hyperbolic upper-

half plane, and how this connection may be extended to higher dimensions. We obtain an explicit connection,

via a cross-section for geodesic flow, for many new systems. This includes a connection between complex

continued fractions and three-dimensional real hyperbolic space, as well as quaternionic continued fractions and

five-dimensional real hyperbolic space, among many others. (Received September 23, 2018)

1145-11-1705 Jack Klys* (jacek.klys@ucalgary.ca), University of Calgary, 2500 University Dr. NW,
Calgary, Alberta T2N 1N4, Canada. Moments of unramified 2-group extensions of
quadratic fields.

We discuss the Cohen-Lenstra heuristics from the point of view of counting unramified number field extensions

of quadratic fields. We will focus on the specific case 2-group extensions of quadratic fields which has proven to

be more tractable in recent years. We will put forth a conjecture about asymptotics and distributions of such
extensions (beyond those considered by Cohen and Lenstra) and discuss our recent progress on this in the case

of extensions with Galois groups which are central extensions of F3 by F2. (Received September 24, 2018)

1145-11-1731 Nicolas Allen Smoot* (nicolas.smoot@risc.jku.at), Julius Raab Strasse 10/5/2523,
4040 Linz, Austria. A Family of Congruences for Rogers—Ramanujan Subpartitions.
Preliminary report.

In 2015 Choi, Kim, and Lovejoy studied a weighted partition function, A (n), which counted subpartitions with

a structure related to the Rogers—Ramanujan identities. They conjectured the existence of an infinite class of

congruences for Aj(n), modulo powers of 5. We give an explicit form of this conjecture, and prove it for all

powers of 5. (Received September 24, 2018)

1145-11-1764 Jesse Kass and Frank Thorne* (thorne@math.sc.edu). What is the height of two points
in the plane? Preliminary report.

The Hilbert scheme Hilb2(]P’2) is the parameter space counting pairs of points in the projective plane. Its

rational points are in bijection with pairs of rational points in P2, provided you count the ‘schemey points’ too.

For example, a Galois-conjugate pair of points, defined over a quadratic field, counts.

We define height functions corresponding to a large portion of the ample cone, and verify Manin’s conjecture
in these cases. I will explain how the algebraic geometry leaves us with a geometry of numbers question, and
then how we addressed the geometry of numbers question.

I will also discuss, in a much more speculative manner, how we hope to connect questions like this to number
field counting questions. (Received September 24, 2018)
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1145-11-1788 Zhiwei Yun*, 9 Westlund Rd, Belmont, MA 02478, and Wei Zhang. On the classes of
Heegner-Drinfeld cycles.

In previous joint work with Wei Zhang, we have defined Heegner-Drinfeld cycles on the moduli of rank two

Shtukas, and proved that their self-intersection numbers are related to higher derivatives of automorphic L-

functions. In this talk, I will describe the cycle classes of the Heegner-Drinfeld cycles and draw some arithmetic

consequences. Joint work with Wei Zhang. (Received September 24, 2018)

1145-11-1827 Michael Cerchia* (cercmi7@wfu.edu). Classifying the image of the Arboreal Galois
representation.
Suppose E/Q is an elliptic curve and o € E(Q) is a point of infinite order. How often is it the case that o has
odd order when we reduce E mod p? If we let S be the set of primes p < z for which E/F, is non-singular and
a € Fp has odd order, then our general goal is to determine
ms(z)
z—00 ﬂ(x)

where 7g(x) is the number of primes p with p € S and p < z, and 7(x) is the total number of primes p < z.
It turns out that the answer to this question is contingent upon determining all possible images of a particular
Galois representation — the Arboreal Galois representation. This talk will explore this connection. (Received
September 24, 2018)

1145-11-1832 Hannah E Burson* (hburso2@illinois.edu). Combinatorics of some second-order mock
theta functions.

In 2007, Richard McIntosh found identities uniting two families of second order mock theta functions. In this

talk, we introduce new partition theoretic interpretations of A(q) and B(gq), two of the mock theta functions

studied by McIntosh. By considering refinements of the partition functions in these interpretations, we provide

a bijective proof of a new 4-variable generalized second order mock theta function identity. This generalized

identity contains known identities involving A(q) and B(q) as special cases. (Received September 24, 2018)

1145-11-1852 Dmitry Kleinbock* (kleinboc@brandeis.edu), Department of Mathematics, Waltham,

MA 02454. Is one-dimensional Diophantine approximation all about continued fractions?
Our experience seems to suggest an affirmative answer to the question in the title. In the first half of the talk I
will describe recent work with Nick Wadleigh where we, capitalizing on results of Davenport and Schmidt, define
1-Dirichlet real numbers « (those which satisfy an improvement of Dirichlet’s theorem with ¢ in the right hand
side) and express this property via the continued fraction expansion of a. This implies a precise condition for
the set of y-Dirichlet numbers to have zero or full measure.

In the second part however I will describe a simple modification of the i-Dirichlet property which does not
reduce to continued fractions — yet it still can be understood using dynamics of the geodesic flow on the unit
tangent bundle to the modular surface. A corresponding zero-one law can be deduced from a dynamical Borel-
Cantelli lemma due to Maucourant. This is work in progress joint with Anurag Rao. (Received September 24,
2018)

1145-11-1903 Jeremiah Bartz*, University of North Dakota, 101 Cornell Street Stop 8376, Witmer Hall
Room 313, Grand Forks, ND 58202, and Bruce Dearden and Joel liams. Almost gap
balancing numbers.

Almost balancing numbers were introduced by Panda and Panda as a certain generalization of balancing numbers.

We extend this notion to gap balancing numbers and establish a balancer duality theorem which generalizes the

relationship between balancing and cobalancing numbers. (Received September 24, 2018)

1145-11-1907 Yuan Liu* (yliu@math.wisc.edu) and Melanie Matchett Wood. A non-abelian version
of Cohen-Lenstra heuristics.

We construct a model of random groups that is a non-abelian version of the random groups that feature in
the Cohen-Lenstra heuristics. This random group is obtained from, as n goes to infinity, the free group on n
generators modulo n + u random relations. In this talk, we will use this model to define a probability measure
on the space of profinite groups and discuss known results about the distribution of non-abelian analogs of class
groups that motivate our work. Then we will assign a I'-action to the free group, consider the random I'-group
obtained by this construction, and discuss how this model has moments matching those we see in the function
fields results. This is a joint work with Melanie Matchett Wood. (Received September 24, 2018)
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1145-11-1939 Alexander Smith*, adsmith@math.harvard.edu. 2¥-Selmer groups and Goldfeld’s
conjecture.

Take E to be an elliptic curve over a number field whose four torsion obeys certain technical conditions. In this

talk, we will outline a proof that 100% of the quadratic twists of E have rank at most one. To do this, we will

find the distribution of 25-Selmer ranks in this family for every k > 1. (Received September 24, 2018)

1145-11-1943 Alexander Smith*, adsmith@math.harvard.edu. 2¥-class groups of imaginary quadratic
fields.

For any n > 2, the Cohen-Lenstra heuristic predicts how the n-torsion of the class group of K is distributed as K

varies in the family of imaginary quadratic fields. These predictions have been partially verified for 3-torsion and

fully verified for 4-torsion but were previously unverified for all higher torsion groups. In this talk, we will give

a new approach to verifying the heuristic for 4-torsion that allows us to also verify it for 8-torsion, 16-torsion,

etc. (Received September 24, 2018)

1145-11-1964 Kirsti Biggs* (kirsti.biggs@bristol.ac.uk). Efficient congruencing in ellipsephic sets.
An ellipsephic set is a subset of the natural numbers whose elements have digital restrictions in some fixed base.
We bound the number of solutions to a Vinogradov system of equations in which our variables are drawn from
certain sparse ellipsephic sets—a key example is those integers whose digits in a given base are squares—using
a version of Wooley’s efficient congruencing method. In this talk, I will outline the key ideas from the proof and
discuss potential applications and generalisations. (Received September 24, 2018)

1145-11-1966 Thomas Garrity* (tgarrity@williams.edu), Department of Mathematics and Statistics,
Williams College, Williamstown, MA 01267. Families of Division Algorithms: Structure for
Multidimensional Continued Fraction Algorithms. Preliminary report.

There are many reasonable methods for dividing two or more numbers into another number. Each of these

methods give rise to a different type of multi-dimensional continued fraction algorithm.

There is way to put almost all known multi-dimensional continued fraction algorithms into a unified family.
The method involves systematically subdividing a simplex. This family includes the well-known M&nkemeyer
algorithm, the triangle algorithm, the Brun algorithm, the Parry-Daniels algorithm and the Giiting algorithm
(which in turn is linked to the Jacobi-Perron algorithm).

We will discuss this family and some of its implications, such as their corresponding transfer operators, which
in turn have various dynamical systems implications. In particular, when reduced to lower dimensional analogs,
we will see how to generate some seemingly new generalizations of traditional continued fractions. (Received
September 24, 2018)

1145-11-1968 Ali K Uncu* (akuncu@risc. jku.at), Altenbergerstrasse 69, 4040 Linz, Austria, and
Alexander Berkovich, 1400 Stadium Rd, Gainesville, FL 32601. Polynomial Identities
Implying Capparelli’s Partition Theorems.

We will present and prove new polynomial identities that imply Capparelli’s partition theorems. We will then

move onto the implications of this work. This will include Slater type g-series identities, other identities involving

g-trinomials, etc. (Received September 24, 2018)

1145-11-1986 Kathryn Haymaker, Beth Malmskog* (beth.malmskog@gmail.com) and Gretchen
Matthews. Locally Recoverable Codes with Many Recovery Sets from Fiber Products of
Curves.

A locally recoverable code is an error correcting code in which each position (coefficient) of a given codeword
can be recovered with access to only r other positions. These were developed to meet needs in distributed data
storage, where information may be stored on large banks of servers. It is desirable that any given codeword
be distributed over many servers so that the information can be recovered if a single server fails. However, if
many servers fail, it might be necessary to have multiple recovery sets for each position in order to recover it. In
this talk, I briefly present a construction based on fiber products for which each coefficient has several disjoint
recovery sets. This is joint work with Kathryn Haymaker and Gretchen Matthews. (Received September 24,
2018)

1145-11-1990 Alejandra Alvarado, Angelos Koutsianas, Beth Malmskog*
(beth.malmskog@gmail.com), Christopher Rasmussen, Christelle Vincent and
Mckenzie West. Solving the S-Unit Equation in Sage and Applications.

Many finiteness and enumerative problems in number theory rely on the finiteness/enumeration of the set of

solutions to the equation x+y=1 over the group of S-units in a number field, where Sis a finite set of primes.
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In 1995, Nigel Smart solved certain S-unit equations to enumerate all genus 2 curves defined over the rationals
with good reduction away from p=2. Smart’s work build on that of of Baker, de Weger, Evertse, Yu, and
many others. In 2016, following Smart’s methods, Malmskog and Rasmussen found all Picard curves over Q
with good reduction away from p=3, and Angelos Koutsianas described methods for enumerating, and in some
cases explicitly describes, all elliptic curves defined over a number field with good reduction outside S. Both
projects involved Sage implementation of special cases of Smart’s general method. In January 2017, Alejandra
Alvarado, Angelos Koutsianas, Beth Malmskog, Christopher Rasmussen, Christelle Vincent, and Mckenzie West
combined these implementations and created new functions to solve the equation x+y=1 over the S-units of
a general number field K for any finite set S of primes in K. This talk will give an overview of the methods,
the capabilities of the implementation, and some motivating problems and applications in algebraic curves.
(Received September 24, 2018)

1145-11-2021 Larry Ericksen* (larryericksen@gmail.com), P.O. Box 172, Millville, NJ 08332-0172,
and Karl Dilcher. Continued fractions from b-ary Stern polynomials.

Lucas sequences, like those of Fibonacci and Pell, are identified within generalized Stern number sequences.

Each Stern polynomial analogue in b variables is obtained from recursions and generating functions. Then the

associated continued fractions are developed as ratios of consecutive polynomials which involve single terms in

their partial numerators. (Received September 24, 2018)

1145-11-2026 Olivia Beckwith* (obeckwith@gmail.com), Howard House, Queen’s Ave, Bristol, BS8
1SD, United Kingdom. Indivisibility and divisibility of class numbers of imaginary
quadratic fields.

Questions about the structure of ideal class groups are notoriously difficult and arise in the study of elliptic

curves and L-functions. For any prime £ > 3, the strongest lower bounds for the number of negative square-free

D down to —X for which the class group of Q(v/D) has trivial (or non-trivial) ¢-torsion are due to Kohnen and

Ono (Soundararajan). I will discuss recent refinements of these classic results in which we consider the negative

square-free values D such that a finite set of rational primes factor (i.e. split, remain inert, or ramify) in Q(\/ﬁ)

in a given prescribed way. We prove a lower bound for the number of such D down to —X for which the class

number of Q(v/D) is indivisible (or divisible) by £. This bound is of the same order of magnitude as Kohnen
and Ono’s ( Soundararajan’s) results. For the indivisibility case, we rely on a result of Wiles establishing the
existence of imaginary quadratic fields with trivial ¢-torsion in their class groups satisfying almost a given finite
set of local conditions, and a result of Zagier which says that class numbers of imaginary quadratic fields are the
Fourier coefficients of a harmonic Maass form. (Received September 24, 2018)

1145-11-2048 Katie Lynn McKeon* (katie.mckeon@rutgers.edu). Low-lying geodesics in a hyperbolic
3-manifold.

We’ll examine closed geodesics in the quotient of hyperbolic three space by the discrete group of isometries
SL(2,Z[i]). There is a correspondence between closed geodesics in the manifold, the complex continued fractions
originally studied by Hurwitz, and binary quadratic forms over the Gaussian integers. According to this corre-
spondence, a geodesic is called fundamental if the associated binary quadratic form is. Using techniques from
sieve theory, symbolic dynamics, and the theory of expander graphs, we show the existence of a compact set in
the manifold containing infinitely many fundamental geodesics. (Received September 24, 2018)

1145-11-2080 Levent Hasan Ali Alpége* (lalpoge@math.princeton.edu) and Wei Ho
(weiho@umich.edu). The second moment of the number of integral points on elliptic curves
is bounded.

We show that, when elliptic curves E/Q are ordered by height, the variance of the number of integral points

#|E(Z)| is bounded. (Received September 24, 2018)

1145-11-2082 Levent Hasan Ali Alpoge* (lalpoge@math.princeton.edu). The average number of
rational points on genus two curves is bounded.

We show that, when genus two (thus hyperelliptic) curves C/Q are ordered by height, the average number of

rational points #|C(Q)| is bounded. (Received September 24, 2018)

1145-11-2083 Frank Garvan* (fgarvan@ufl.edu). Hecke-Rogers series for Ramanujan’s mock theta
functions. Preliminary report.

We describe a method for finding Hecke-Rogers indefinite binary theta series identities for Ramanujan’s mock

theta functions. We present a number of identities and conjectures. We study the relations between the coeffi-

cients of mock theta functions. (Received September 24, 2018)



11 NUMBER THEORY 89

1145-11-2100 Stephanie Chan* (stephanie.chan.16Qucl.ac.uk), Department of Mathematics,
University College London, Gower Street, London, WC1E 6BT, United Kingdom. Ranks,
2-Selmer groups, and Tamagawa numbers of elliptic curves with 7/27 X 7./87Z-torsion.

In 2016, Balakrishnan-Ho-Kaplan—Spicer—Stein—Weigandt produced a database of elliptic curves over QQ ordered

by height in which they computed the rank, the size of the 2-Selmer group, and other arithmetic invariants.

They observed that after a certain point, the average rank seemed to decrease as the height increased. Here

we consider the family of elliptic curves over Q whose rational torsion subgroup is isomorphic to Z/27Z x Z/8Z.

Conditional on GRH and BSD, we compute the rank of 92% of the 202,461 curves with parameter height less

than 103. We also compute the size of the 2-Selmer group and the Tamagawa product, and prove that their

averages tend to infinity for this family. This talk is on joint work with Jeroen Hanselman and Wanlin Li.

(Received September 24, 2018)

1145-11-2112 Lauren Rose* (rose@bard.edu), Bard College, Department of Mathematics, Campus
Road PO Box 5000, Annandale on Hudson, NY 12504, and Jeff Suzuki. Triangular Bases
for Modules of Generalized Splines on Arbitrary Graphs.

Let R be a commutative ring, and G = (V, E, A) be an edge labeled graph with vertex set V, edge set E and

edge weights A. A vertex labeling (g1,92,...,9)v|) € RVl is called a generalized spline if for any pair of

vertices i, j joined by edge e with weight a, g; — g; is an element of the ideal generated by a (equivalently, if R

is the ring of integers, g; = g; mod a). We designate the set of all such splines Rq.

In (2016), Gilbert, Tymoczko, and Viel asked for a characterization of Rg as an R module. We show that if

R is a Euclidean domain, R¢ is a free module with a triangular basis, and we provide an explicit construction

for this basis. This generalizes work done by and with undergraduates at Smith College and Bard College.

(Received September 24, 2018)

1145-11-2154 Ozlem Ejder* (ejder@math.colostate.edu), Department of Mathematics, Louis R. Weber

Building, 841 Oval Drive, Fort Collins, CO 80523. Modular Symbols for Fermat Curves.
Let Fj, denote the Fermat curve given by x™ 4+ y™ = 2™ and let u, denote the Galois module of nth roots of
unity. It is known that the integral homology group Hi(Fy,Z) is a cyclic Z[un X pn] module. In this talk, we
will see that this result can also be described using modular symbols and the modular description of Fermat
curves. We will also talk about how these computations can be used in understanding the action of the Galois
group of Q(¢,) on the certain homology groups of F,,. (Received September 24, 2018)

1145-11-2183 Alexander J Barrios*, Carleton College, Department of Mathematics and Statistics, One
North College Street, Northfield, MN 55057. Good Elliptic Curves with Specified Torsion
Subgroup.

Let E be a rational elliptic curve and define its modified Szpiro ratio to be om(E) = where c4

max{|cd].c3}
Ng
and ce are the invariants associated to a minimal model of E and N is its conductor. We say that a rational
elliptic curve is good if om(E) > 6. By Mazur’s Torsion Theorem, there are 15 possible groups T satisfying
E(Q)iors = T. In this talk we show that for each of these possible T', there are infinitely many good elliptic
curves E with T — E(Q). In addition, we will use this result to attain computational data that parallels the

work done by the ABC@QHome project for the modified Szpiro conjecture. (Received September 25, 2018)

1145-11-2189 Michael R. Bush* (bushm@wlu.edu), Department of Mathematics, Washington and Lee
University, 204 W. Washington Street, Lexington, VA 24450, Nigel Boston
(boston@math.wisc.edu), Department of Mathematics, University of Wisconsin, Madison,
and Farshid Hajir (hajir@math.umass.edu), Department of Mathematics and Statistics,
University of Massachusetts, Amherst. Non-abelian generalizations of the Cohen-Lenstra
heuristics.

Formulated in the 1980s, the Cohen-Lenstra heuristics make precise predictions about the distribution of class

groups in various families of number fields. While still largely unproven, there is much numerical evidence

and a number of extensions have been made beyond the original setting. In order to formulate a non-abelian
generalization, we replace the p-part of the class group (for p an odd prime) with the Galois group of the maximal
unramified p-extension of the base field. In this talk, we describe our conjectures regarding the distribution of
such Galois groups for both real and imaginary quadratic fields along with some more recent developments.
(Received September 25, 2018)
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1145-11-2197 Travis William Morrison* (travis.morrison@uwaterloo.ca), IQC-QNC, University of
Waterloo, 200 University Ave W, Waterloo, Ontario N2. Local-global principles and
diophantine definability.

Diophantine definability and decidability are closely related. Because it is not known if Hilbert’s tenth problem

over Q is undecidable, we are motivated to study which sets are diophantine over Q, or more generally, over a

global field. Koenigsmann proved that Q \ Z is diophantine over Q, and Park generalized this to number fields.

In joint work with Eisentraeger, we proved that the complement of a ring of S-integers in a global function

field is diophantine. In this talk, I will discuss how local-global principles and class field theory are used to

produce these diophantine definitions. Additionally, I will discuss how to generalize these ideas to prove that

the non-norms of some cyclic extensions are diophantine. (Received September 25, 2018)

1145-11-2224 Piper H* (paharron@math.hawaii.edu) and Christelle Vincent
(christelle.vincent@uvm.edu). Joint Shapes of Quartic Fields and Their Cubic
Resolvents.

In studying the (equi)distribution of shapes of quartic number fields, one relies heavily on Bhargava’s parametriza-
tions which brings with it a notion of resolvent ring. Maximal rings have unique resolvent rings so it is possible
to live a long and healthy life without understanding what they are. The authors have decided, however, to
forsake such bliss and look into what ever are these rings and what happens if we consider their shapes along
with our initial number fields. What indeed! Please stay tuned. (Received September 25, 2018)

1145-11-2233 Melvyn B. Nathanson* (melvyn.nathanson@lehman.cuny.edu), Department of
Mathematics, Lehman College (CUNY), Bronx, NY 10468. Matriz scaling and a problem in
number theory.

Recently, there has been renewed interest in alternate minimization algorithms to generate doubly stochastic

matrices, and their generalization to operator scaling. This talk will describe a problem in diophantine approxi-

mation that these algorithms suggest. (Received September 25, 2018)

1145-11-2273 Jackson Salvatore Morrow* (jmorrow4692@gmail.com), 400 Dowman Drive, Atlanta,
GA 30022. Composite level images of Galois and Entanglement fields.
Let E be an elliptic curve defined over Q without complex multiplication. For each prime ¢, there is a repre-
sentation pp ¢: Gal(Q/Q) — GL2(Z/¢Z) that describes the Galois action on the £-torsion points of E. This
representation is called the mod ¢ image of Galois.
In this talk, I will discuss what happens when one considers composite level images of Galois. In particular,
I will introduce composite level modular curves whose rational points classify elliptic curves over Q with simul-
taneously non-surjective, composite image of Galois. I will also describe techniques used to provably find the
rational points on these curves, which yield results concerning when composite level images of Galois occur.
Finally, I will give an application of our results to the study of entanglement fields and present non-CM
elliptic curves with peculiar division fields. Some of the results I will talk about are joint work with Catalina
Camacho, Wanlin Li, Jack Petok, and David Zureick-Brown. (Received September 25, 2018)

1145-11-2279 Chatchawan Panraksa* (chatchawan.pan@mahidol.edu), Mahidol University
International College, 999 Phutthamonthon 4 Road, Salaya, Nakhonpath 73170, Thailand.
Arithmetic Dynamics of f(x) = z% + c.

Arithmetic dynamics is a combination of dynamical systems and number theory. In this talk, we discuss the

rational periodic points of polynomials in the form f(z) = z? + ¢. We also discuss Morton and Silverman’s

uniform boundedness conjecture. It states that the number of periodic points of any rational function with

rational coefficients is bounded by a constant depending only on the degree of the function. The conjecture is

still unsolved even for quadratic polynomials. (Received September 25, 2018)

1145-11-2286 Lubjana Beshaj* (lubjana.beshajQusma.edu). Isogenous components of 2-dimensional
reducible Jacobians.

Isogeny based cryptography is a promising scheme in the post quantum world. In this talk we will cover the

mathematical background needed for supersingular isogeny based cryptography and some current research on

isogenous components of 2-dimensional reducible Jacobians. (Received September 25, 2018)

1145-11-2288 Jennifer Berg* (jb930@rice.edu) and Anthony Varilly-Alvarado. Odd order
obstructions to rational points on general K3 surfaces.

K3 surfaces are 2-dimensional analogues of elliptic curves, but lack a group structure. They need not have rational

points. However, in 2009 Skorobogatov conjectured that the Brauer group should account for all failures of the
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local-to-global principle for rational points on K3 surfaces. In this talk I will briefly describe the geometric
origin of certain 3-torsion classes in the Brauer group of a K3 surface. We utilize this geometric description to
show that these classes can in fact obstruct the existence of rational points. This is joint work with Anthony
Virilly-Alvarado. (Received September 25, 2018)

1145-11-2330 Abbey Bourdon* (bourdoam@ufu.edu) and Pete L. Clark. Torsion Points and
Isogenies on CM Elliptic Curves.

We say an elliptic curve E defined over a number field F' has complex multiplication (CM) if End4(E) = O, an

order in an imaginary quadratic field K. For any positive integer N, we determine the least d in which there

exists a number field F' of degree d and an O-CM elliptic curve E/F with an F-rational point of order N. This

relies on several new results concerning rational cyclic isogenies on CM elliptic curves, extending work of Kwon

(1999). (Received September 25, 2018)

1145-11-2331 Sandie Han (shan@citytech.cuny.edu), Ariane M Masuda
(amasuda@citytech.cuny.edu), Satyanand Singh (ssingh@citytech.cuny.edu) and
Johann Thiel* (jthiel@citytech.cuny.edu), 300 Jay St., Brooklyn, NY 11201. Mazimal
and Average Behavior of Elements in (u,v)-Calkin- Wilf Trees. Preliminary report.

The Calkin-Wilf tree is an infinite binary tree enumerating the positive rationals that has many interesting

properties. In particular, one can compute the maximal and average values of elements of a fixed depth in the

tree. In this talk we will extend these results to a generalization, due to Nathanson, of the Calkin-Wilf tree

referred to as the (u,v)-Calkin-Wilf tree for positive integers v and v. (Received September 25, 2018)

1145-11-2397 Daniel Garbin* (dgarbin@qcc.cuny.edu), Queensborough Community College CUNY,
Mathematics and Computer Science, 222-05 56th Avenue, Bayside, NY 11364. Effective
bounds for Fourier coefficients of certain weakly holomorphic modular forms.

In Jorgenson et. al., Exp. Math. 25 (2016) 295-319, the authors derived generators for the function fields

associated to certain low genus arithmetic surfaces realized through the action of the discrete Fuchsian group

To(N)*/{%1} on the upper half plane. In particular, they constructed modular forms which are analogs to

the modular discriminant and the Klein j-invariant of the full modular group PSL(2,Z). In this presentation,

we show how to produce effective and practical bounds for the Fourier coefficients in the g-expansion of such

generators, thus allowing for rigorous numerical inspection of the generators. (Received September 25, 2018)

1145-11-2418 Robert J.S. McDonald* (robert.j.mcdonald@uconn.edu), 48C Mount Vernon Drive,
Vernon, CT 06066. Torsion Subgroups of Elliptic Curves over Function Fields.

Let Fy be a finite field of characteristic p, and C/F, be a smooth, projective, absolutely irreducible curve. Let

K = F4(C) be the function field of C. When the genus of C is 0, and p # 2, 3, Cox and Parry provide a minimal

list of prime-to-p torsion subgroups that can appear for an elliptic curve E/K. In this talk, we extend this result

by determining the complete list of full torsion subgroups possible for an elliptic curve E/K for any prime p

when the genus of C is 0 or 1. (Received September 25, 2018)

1145-11-2449 Angelica Babei*, angelica.babei.gr@dartmouth.edu. Class and Type Numbers of Orders
in Central Simple Algebras.

Given any two orders in a central simple algebra, their completions will be equal almost everywhere. In case
their completions are isomorphic everywhere, the question arises: do these local isomorphisms lift to global
isomorphisms? The answer is that generally, they do not, and the number of such global isomorphism classes is
given by the type number of the order. In this talk, we examine idelic methods and use strong approximation to
find class and type numbers of some classes of orders in central simple algebras of arbitrary dimension n?,n > 3.
(Received September 25, 2018)

1145-11-2469 Michael James Musty* (michaelmusty@gmail.com), Kemeny Hall, 27 North Main Street,
Hanover, NH 03779. 2-Group Belyi Maps.

In this talk we discuss the computation of 2-group Belyi maps. First we will explain the process to produce a

database of all such maps (up to degree 256). Then we will discuss some interesting features of their associated

Jacobians and 2-torsion fields. (Received September 25, 2018)

1145-11-2525 Alison Beth Miller* (abmiller@math.harvard.edu). Asymptotic counting of
Spag(Z)-orbits on quadratic forms.

We use the geometry of numbers to give a weighted asymptotic count for the number of orbits of the symmetric

square of the standard representation of Sp2g (Z)-. That is, we count binary 2g-ic forms up to Sp2g (Z)—equvalence.
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Our results generalize the classical results of Gauss-Mertens-Siegel on binary quadratic forms, and they can also
be generalized further to count integral orbits of the adjoint representation of any semisimple algebraic group.

We show that the number of positive definite orbits with invariants < X is asymptotic to X9(29+1) and give
the analogous result weighted by regulators in the indefinite case. (Received September 25, 2018)

1145-11-2532 Chris Hall* (chall69@uwo.ca) and Alexandra Shlapentokh. Defining Subgroups of
Mordell-Weil Groups.

Let K be a finitely generated extension of Q and E be an elliptic curve over K whose j-invariant is not an

algebraic number. Given a point P in the Mordell-Weil group E(K), we consider the problem of giving a

Diophantine definition for the cyclic subgroup (P). We explain the problem and a solution using results of

Barroero and Capuana from unlikely intersection theory. (Received September 25, 2018)

1145-11-2544 Sam Schiavone* (sam.schiavone@gmail.com), 27 N Main St, Hanover, NH 03755.
Computing A Database of Belyi Maps.

In the paper Numerical calculation of three-point branched covers of the projective line, we presented a method

for computing equations of Belyi maps based on the correspondence described by Grothendieck in his celebrated

work Esquisse d’un Programme. In this talk, we discuss the progress we have made in exhaustively computing all

Belyi maps of low degree using this method. We also present some initial analysis of the data we have computed.

Joint work with Michael Musty, Jeroen Sijsling, and John Voight. (Received September 25, 2018)

1145-11-2594 Eric M Jovinelly* (ejovinel@nd.edu). Primes and Perfect Powers in the Catalan
Triangle.

The Catalan triangle is an infinite lower-triangular matrix that generalizes the Catalan numbers. The entries of
the Catalan triangle, denoted by ¢, 1, count the number of shortest lattice paths from (0,0) to (n,k) that do
not go above the main diagonal. This talk concerns the occurrence of primes and perfect powers in the Catalan
triangle. We prove that no prime powers except 2, 5, 9, and 27 appear in the Catalan triangle when k > 2. We
further prove that c, ; are not perfect semiprime powers when k > 3. Finally, we prove that aside from perfect
squares when k = 2, there are at most finitely many perfect powers among c, » when k > 2. Part of the last
result depends on the abe conjecture. (Received September 25, 2018)

1145-11-2630 Adriana Salerno*, 3 Andrews Rd, Lewiston, ME 04240, and Charles F Doran, Tyler
L Kelly, Steven Sperber, John Voight and Ursula Whitcher. Hypergeometric
decomposition of symmetric K3 quartic pencils.

In this talk, we will show the hypergeometric functions associated to five one-parameter deformations of Delsarte

K3 quartic hypersurfaces in projective space. We compute all of their Picard—Fuchs differential equations; we

count points using Gauss sums and rewrite this in terms of finite field hypergeometric sums; then we match up

each differential equation to a factor of the zeta function, and we write this in terms of global L-functions. This
computation gives a complete, explicit description of the motives for these pencils in terms of hypergeometric

motives. (Received September 25, 2018)

1145-11-2633 Holley Friedlander* (friedlah@dickinson.edu), Elena Fuchs, Piper H, Catherine
Hsu, Katherine Sanden, Damaris Schindler and Katherine Stange. Almost Prime
Components in Apollonian Circle Packings. Preliminary report.
Apollonian circle packings (ACPs) are obtained by repeatedly inscribing circles into the triangular interstices of
a configuration of four mutually tangent circles. If the four initial circles have integer curvature, then so will all
of the circles in the packing; in this case we say that the packing is integral. Sarnak showed that any primitive,
integral ACP has infinitely many circles of prime curvature, and there are a number of interesting results on
prime components of ACPs. In this talk, we discuss problems and partial results concerning the almost prime
components. This project was initiated at the Women in Numbers 4 workshop. (Received September 25, 2018)

1145-11-2648 Aly Deines*, aly.deines@Qgmail.com. FElliptic Curves of Prime Conductor. Preliminary
report.

The torsion elliptic curves over Q with prime conductor has been well studied. In particular, we know that for

an elliptic curve E/Q with conductor p a prime, if p > 37, then E has either no torsion, or is a Neumann-Setzer

curve and has torsion order 2. In this talk we examine similar behavior for elliptic curves of prime conductor

defined over totally real number fields. (Received September 25, 2018)
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1145-11-2655 Craig S Franze* (franze.3Qosu.edu) and Pin Hung Kao. Products of polynomials at
prime arguments. Preliminary report.

We adopt A. J. Irving’s double-sieve method to study the almost-prime values produced by products of irre-
ducible polynomials evaluated at prime arguments. This generalizes the previous results of Irving and Kao, who
separately examined the almost-prime values of a single irreducible polynomial evaluated at prime arguments.
We also show that the double-sieve method, combined with the estimates involving the upper and lower sifting
functions, improve upon the results cited in Diamond—Halberstam for both small and large values of g, where g
is the number of irreducible components of the polynomial in question. (Received September 25, 2018)

1145-11-2679 Stephan Ramon Garcia and George Todd* (toddg@union.edu). Supercharacters,
Elliptic Curves, and the Sizth Moment of Kloosterman Sums.

We employ supercharacter theory to realize Kloosterman sums as eigenvalues of a certain matrix. We then

realize the sixth Kloosterman power moment in terms of the sum of Frobenius traces of a one-parameter family

of elliptic curves. As an application, we provide a simple proof that Kloosterman sums K, with p { u are 0(102/3)7

breaking the naive O(p3/%) barrier. (Received September 25, 2018)

1145-11-2696 Sara Chari* (sara.chari.gr@dartmouth.edu), Department of Mathematics, 102 Kemeny
Hall, 27 North Main St., Hanover, NH 03755. Metacommutation of Primes in Central
Simple Algebras.

In a quaternion order of class number one, an element can be factored in multiple ways depending on the order

of the factorization of its reduced norm. The fact that multiplication is not commutative causes an element to

induce a permutation on the set of primes of a given reduced norm. We discuss this permutation and previously

known results about the cycle structure, sign, and number of fixed points for quaternion orders. We generalize

these results to other orders in central simple algebras over global fields. (Received September 25, 2018)

1145-11-2697 Benjamin Breen*, Department of Mathematics: Dartmouth College, 6188 Kemeny Hall,
27 North Main Street, Hanover, NH 03755, and John Voight and Ila Varma. Heuristics
for cyclic fields: totally positive units and narrow class groups.

We describe heuristics in the style of Cohen-Lenstra for the narrow class group of cyclic extensions of odd degree.

The narrow class group differs from the ordinary class group only in its 2-part. We model this discrepancy using

the 2-Selmer group of a number field as a representation of its Galois group equipped with a bilinear form. Along

the way, we discuss the connection to the signature ranks of units and classical results on the relation between

the class group and narrow class group. (Received September 25, 2018)

1145-11-2705 Benjamin Linowitz, D. B. McReynolds, Paul Pollack and Lola Thompson*
(1ola.thompson@oberlin.edu). Bounded gaps between primes and the length spectra of
arithmetic hyperbolic 3-orbifolds.

In 1992, Reid posed the question of whether hyperbolic 3-manifolds with the same geodesic length spectra are

necessarily commensurable. While this is known to be true for arithmetic hyperbolic 3-manifolds, the non-

arithmetic case is still open. Building towards a negative answer to Reid’s question, Futer and Millichap have
recently constructed infinitely many pairs of non-commensurable, non-arithmetic hyperbolic 3-manifolds which
have the same volume and whose length spectra begin with the same first n geodesic lengths. In the present
talk, we show that this phenomenon is surprisingly common in the arithmetic setting. In particular, given any
arithmetic hyperbolic 3-orbifold derived from a quaternion algebra and any finite subset S of its geodesic length
spectrum, we produce, for any k£ > 2, infinitely many k-tuples of arithmetic hyperbolic 3-orbifolds which are
pairwise non-commensurable, have geodesic length spectra containing S, and have volumes lying in an interval
of (universally) bounded length. The main technical ingredient in our proof is a bounded gaps result for prime
ideals in number fields lying in Chebotarev sets. This colloquium-style talk is based on a series of papers with
B. Linowitz, D. B. McReynolds, and P. Pollack. (Received September 25, 2018)

1145-11-2722 Irene Bouw, Ozlem Ejder* (ejder@math.colostate.edu) and Valentijn Karemaker.
Arboreal Galois Representations of Dynamical Belyi Maps. Preliminary report.

A dynamical Belyi map is a finite morphism f : IP’(E — ]P’é defined over C which is branched exactly at the
three ordered points 0, 1,00 such that f({0,1,00}) C {0,1,00}. All iterates f™ are also Belyi maps. Given a
dynamical Belyi map defined over a field K and a non-preperiodic point o € K, one can construct a tree of
preimages of a. This construction leads to the phenomena: one has a tower of fields K = Ko C K1 C Ko C -
where K, := K (d)’"(oz)). One also has a natural Galois representation on the tree of preimages, the so-called
Arboreal Galois representation of the function f. In this talk, we describe the Arboreal Galois representations
and the monodromy groups of iterations of a large class of dynamical Belyi maps. Studying these Galois groups
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has applications in the study of the density of prime divisors of elements of dynamical sequences. If time allows,
we will mention some applications as well. (Received September 25, 2018)

1145-11-2728 Benjamin Linowitz, D. B. McReynolds, Paul Pollack and Lola Thompson*
(lola.thompson@oberlin.edu). Counting quaternion algebras.

We discuss how classical techniques from analytic number theory can be used to count quaternion algebras

over number fields subject to various constraints. In particular, we will show how to construct Dirichlet series

whose coefficients give us these counts. Because of the correspondence between maximal subfields of quaternion

algebras and geodesics on arithmetic hyperbolic manifolds, these counts have interesting applications to the field

of spectral geometry. (Received September 25, 2018)

1145-11-2774 Joseph Gunther* (jgunther7@gmail.com). Irrational points on hyperelliptic curves.

We consider genus g hyperelliptic curves with a marked rational Weierstrass point. If d < g is odd, we prove
there exists By such that a positive proportion of these curves have at most By points of degree d. If d < g is
even, we similarly bound degree d points not pulled back from points of degree % on the projective line. The
proof uses tropical geometry work of Park as well as work of Bhargava and Gross on Selmer groups of odd
hyperelliptic curves. This is joint work with Jackson Morrow. (Received September 25, 2018)

1145-11-2847 Peter Floodstrand Blanchard* (peter-blanchard@uiowa.edu), University of Iowa
Department of Mathematics, 14 MacLean Hall, lowa City, IA 52246. Difference Divisible
Sets in Hurwitz Quaternions. Preliminary report.
A set A in a ring is said to be difference-divisible if every subset of A (of cardinality at least 2) has a difference
which divides every other difference in that subset. We report on the problem of describing up to equivalence
all such sets in the Hurwitz Quaternions. The classification begins with the unit-connected sets, that is, the
difference-divisible sets in which every two elements are connected by some sequence of unit differences. We give
a description of the unit-connected sets, and discuss the general classification of difference-divisible sets in the
Hurwitz Quaternions. (Received September 25, 2018)

1145-11-2867 Edgar Costa* (edgarc@mit.edu). Upper bounds for the endomorphism algebra of an
abelian variety.

We describe how to compute tight upper bounds for the structure of the endomorphism algebra of an abelian

variety over a number field. (Received September 25, 2018)

1145-11-2892 Ricardo Conceigao* (rconceic@gettysburg.edu), 300 N Washington st, Department of
Mathematics, Gettysburg, PA 17325, and Rodrigo Gondim (rodrigo.gondim@ufrpe.br).
On a Frobenius problem for integral domains. Preliminary report.
Given a set of co-prime positive integers ay, ..., an, the Diophantine Frobenius Problem is the following classical
problem in number theory — Find the largest positive integer g for which the equation
riai + -+ Tpan =g,
has no solution with x; > 0.
In this talk we will present a generalization of the Frobenius problem to integral domains, paying particular
attention to those domains that are natural extensions of Z, such as ordered Archimedean integral domains and
the ring of p-adic integers. (Received September 25, 2018)

1145-11-2908 Robert J Lemke Oliver* (robert.lemke_oliver@tufts.edu), Department of
Mathematics, Tufts University, 503 Boston Ave, Medford, MA 02155. Number fields and
arithmetic. Preliminary report.

The speaker will report on recent work of his and coauthors’ on counting problems for number fields, with an

eye toward arithmetic applications. (Received September 25, 2018)

1145-11-2910 Alexis Suki Dasher* (adasher@smith.edu), Smith College, Department of Mathematics
and Statistics, 44 College Lane, Northampton, MA 01063, and Arianne Hermida
(ahermida@smith.edu), Smith College, Department of Mathematics and Statistics, 44
College Lane, Northampton, MA 01063. Generalizing the Three Gap Theorem.

Place the tip of a knife at the center of a circular cake and score the cake from center to edge. Rotate the cake

under the knife and score it again after every rotation by angle 6 until you have marks at 6,260, ..., N for some

fixed number N. After marking the cake this way, slice it up along those marks. No matter your N and even if

0 is irrational, you’ll end up with slices of at most three different sizes! This surprising result is known as the

Three Gap Theorem.
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If we let our cake have unit circumference and angle 6 has associated arc length a, then the above process
is like travelling along a 1-periodic sawtooth wave making marks at a,2a,..., Na. In our research, we study
generalizations of the Three Gap Theorem to other periodic functions. We investigate the distinct gap sizes
created by evaluating periodic functions at uniformly spaced inputs, marking these values, and studying the
distinct gap sizes between nearest marks in the image. In particular, we study periodic piecewise linear and
trigonometric functions. (Received September 25, 2018)

1145-11-2922 Robert Harron and Erik Holmes* (eholmes@math.hawaii.edu), Department of
Mathematics, University of Hawai at Manoa, 2565 McCarthy Mall (Keller Hall 401A),
Honolulu, HI 96821. Shapes of sextic C3 1 Ca-fields: equidistribution, Malle’s conjecture,
and detection of log terms in Kliners; counterexample.
In this talk, we’ll discuss the shapes of sextic extensions of QQ containing a fixed quadratic subfield. Specifically,
those sextic extensions appearing as subfields of C3 ! Ca-fields. In 2004 Kliiners gave a counterexample to
Malle’s conjecture, which predicts asymptotic behavior of number fields with specified invariants, by studying
the asymptotics of C3 extensions of @(\/&): he finds that, when d = —3, the fields contribute to showing the
conjecture is false as it fails to detect the log(X) term in the asymptotics. We’ll introduce the notion of relative
shape, show equidistribution results, and also show how the shape allows us to detect this additional term in
the asymptotics. (Received September 25, 2018)

1145-11-2949 Terrence Richard Blackman* (tblackman@mec.cuny.edu), 1638 Bedford Ave.,

Brooklyn, NY 11225. Spectral correspondences for Maass waveforms on quaternion groups.
We prove that in most cases the Jacquet-Langlands correspondence between newforms for Hecke congruence
groups and newforms for quaternion orders is a bijection. Our proof covers almost all cases where the Hecke
congruence group is of cocompact type, i.e., when a bijection is possible. The proof uses the Selberg trace
formula. (Received September 25, 2018)

1145-11-2975 Patrick Allen* (pballen@illinois) and James Newton. Monodromy for some rank two
Galois representations over CM fields.

In the automorphic-to-Galois direction of Langlands reciprocity, one aims to construct a Galois representation
whose Frobenius eigenvalues are determined by the Satake parameters of the automorphic representation at
all but finitely many places. For cohomological cuspidal automorphic representations of GL,, over CM fields,
these Galois representations were constructed by Harris—Lan—Taylor—Thorne. It is natural to ask what happens
at the ramified places, and conjecturally the answer is given by the local Langlands correspondence. Up to
semisimplification, this was proved by Varma for the Galois representations constructed by Harris—Lan—Taylor—
Thorne. These methods, however, do not prove the existence of the monodromy operator in cases it should
exist, because they rely on p-adic interpolation, which can only keep track of characteristic polynomials. Using
recently developed automorphy lifting theorems and a strategy of Luu, we prove the existence of the monodromy
operators for some rank two Galois representations over CM fields. This is joint work with James Newton.
(Received September 25, 2018)
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1145-13-25 Trung Vu* (vu2@stolaf.edu), St. Olaf College, 1500 St. Olaf Avenue, Northfield, MN
55057, and Kosmas Diveris (diveris@stolaf.edu), St. Olaf College, Mathematics,
Statistics and Computer Science Department, Northfield, MN 55057. Matriz square roots of
polynomials.

In this research, we consider matrix factorizations of a polynomial where the two matrices appearing in the

factorization are the same, which we call “matrix square roots.” The main result is that any polynomial in

R[z1,...,zn] admits a matrix square root. Our proof is constructive and provides an algorithm for constructing

these matrices. (Received August 09, 2018)

1145-13-262 Daniel Erman*, Department of Mathematics, 480 Lincoln Dr, Madison, WI 53706, and

Steven V Sam and Andrew Snowden. Big polynomial rings and Stillman’s Conjecture.
I'll discuss how certain limits of polynomial rings are themselves polynomial rings (in an uncountable number
of variables) and how this leads to two new proofs of Stillman’s conjecture. This is joint work with Steven Sam
and Andrew Snowden. (Received August 26, 2018)
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1145-13-299 Adam Boocher* (aboocher@sandiego.edu). Betti Numbers: Large and Small.

Given a system of homogeneous polynomials, the Betti numbers of this system offer a measure of its complex-
ity. In this talk I’ll discuss some upper and lower bounds for these numbers and share how recent work by
undergraduates has helped us understand when these bounds are achieved. There will be ideals generated by
monomials, binomials, and some connections to graph theory. We’ll see this story has more questions than
answers! (Received August 29, 2018)

1145-13-357 Kevin Bombardier* (kevin-bombardierQuiowa.edu) and D. D. Anderson. Atoms in
Quasilocal Integral Domains.

Let (R, M) be a quasilocal integral domain. We investigate the set of irreducible elements (atoms) of R. Special
attention is given to the set of atoms in M\M? and to the existence of atoms in M?2. While our main interest is
in local Cohen-Kaplansky (CK) domains (atomic integral domains with only finitely many nonassociate atoms),
we present results in the greatest generality possible. In contradiction to a statement of Cohen and Kaplansky,
we construct a local CK domain with precisely eight nonassociate atoms having an atom in M2. (Received
September 03, 2018)

1145-13-422 Manuel Gonzdlez-Sarabia* (mgonzalezsa@ipn.mx), Instituto Politécnico Nacional,
UPIITA, Av. IPN 2580, Barrio La Laguna, Ticomén, Delegacién Gustavo A. Madero,
07340 Ciudad de México, Mexico, and José Martinez-Bernal, Rafael H. Villarreal and
Carlos E. Vivares. Generalized Minimum Distance Functions.
Using commutative algebra methods we study the generalized minimum distance function (gmd function) and
the corresponding generalized footprint function of a graded ideal in a polynomial ring over a field. The number
of solutions that a system of homogeneous polynomials has in any given finite set of projective points is expressed
as the degree of a graded ideal. If X is a set of projective points over a finite field and I is its vanishing ideal,
we show that the gmd function and the Vasconcelos function of I are equal to the r-th generalized Hamming
weight of the corresponding Reed-Muller-type code Cx(d) of degree d. We show that the generalized footprint
function of I is a lower bound for the r-th generalized Hamming weight of Cx(d). To give applications of our
lower bound to algebraic coding theory, we show an interesting integer inequality. Then we show an explicit
formula and a combinatorial formula for the second generalized Hamming weight of an affine cartesian code.
(Received September 05, 2018)

1145-13-463 Nicholas Switala* (nswitala@uic.edu) and Wenliang Zhang. On completion of graded
D-modules.

Let k be a field of characteristic zero, R a polynomial ring in finitely many variables with coefficients in k, and
R the formal power series ring in the same variables. If M is a left D(R, k)-module, then R® R M is naturally a
left D(P:, k)-module. Hartshorne and Polini gave an example showing that the de Rham cohomology of M and
R ®pr M need not be the same, even when M is holonomic. They asked whether the de Rham cohomology is
the same in the case where M is not just holonomic but graded, that is, M is a graded R-module and the partial
derivatives in D(R, k) act as operators of degree —1. We prove that the answer is yes. In fact, we need only
assume that M is graded and has finite-dimensional de Rham cohomology. (Received September 06, 2018)

1145-13-497 Anya Michaelsen*, 39 Chapin Hall Dr, 1841 Paresky, Williamstown, MA 01267.
Noetherian Rings with Unusual Prime Ideal Structures. Preliminary report.

For a ring R, the set of prime ideals of R, called the spectrum of R, is a partially ordered set with respect to
inclusion. Given a partially ordered set X, M. Hochster showed exactly when X can be realized as the spectrum
of a commutative ring. It is unknown, however, when a partially ordered set can be realized as the spectrum
of a commutative Noetherian ring. In 2016, C. Colbert showed that there exists an uncountable Noetherian
commutative ring with Krull dimension at least 2 and a countable spectrum. We extend this result in two
ways. First, we consider a spectrum with a countable and uncountable branch and discuss progress toward
constructing a Noetherian ring with this spectrum. Second, we construct a 2-dimensional uncountable excellent
ring with a countable spectrum. We will outline both constructions as well as future work to extend these results.
(Received September 07, 2018)

1145-13-585 Lokendra P Paudel* (1paudell@uakron.edu), The University of Akron, Akron, OH
44325. The group of t-invertible t-ideals of Prifer v multiplication domains. Preliminary
report.

Let D be a Priifer v-multiplication domain (PVMD). The group of ¢-invertible t-ideals J¢(D) is a lattice-ordered

group ({-group) with respect to the ordering defined by A < B if and only if B C A, and coincides with the
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group of invertible ideals of D in the case when D is Prufer domain. In this talk, we’ll discuss about the ¢-
groups that occur as a group of t-invertible ¢-ideals of PVMD. (Received September 10, 2018)

1145-13-639 Christopher ONeill*, 5500 Campanile Dr, San Diego, CA 92182. Numerical semigroup
invariants and eventually quasipolynomial behavior.

A numerical semigroup S is a subset of the natural numbers that is closed under addition, and a factorization of
n € S is an expression of n as a sum of generators of S. In this talk, we examine several factorization invariants,
which are arithmetic quantities assigned to each semigroup element n, such as the maximum factorization length
of n or number of distinct factorization lengths of n. A surprisingly large collection of factorization invariants
coincide with a quasipolynomial (that is, a polynomial with periodic coefficients) for sufficiently large semigroup
elements; we survey several such results (spanning numerous undergraduate research projects), and explore
structural reasons for this phenomenon. (Received September 12, 2018)

1145-13-653 Matthew C. Enlow* (mce87290Qucmo.edu). Multiplicative factorization in numerical
semigroups. Preliminary report.

Numerical semigroups are complement-finite additive subsemigroups of Np; that is, they are the sets of sums of
whole-number multiples of its whole-number generators. While their additive factorization theory has been widely
studied, their multiplicative structure has not. The elasticity p(S) = sup{m/n: a1 - --am = b1---bn: a;,b;
irreducible elements} of a multiplicative semigroup S provides a measure of how nonunique its factorization can
be. The multiplicative elasticity of a numerical semigroup is always finite, and is larger than 1 unless S = N. By
relating numerical semigroups to an easier-to-understand additive structure we can characterize the irreducible
elements and provide tighter bounds for p(S). (Received September 12, 2018)

1145-13-690 Rebin A Muhammad* (rm775311@ohio.edu), 24 home street apt 104, athens, OH 45701.
Infinite-Dimensional Algebras Without Simple Bases. Preliminary report.

An amenable basis B is called simple if it is not properly congenial to any other amenable basis. The fundamental
question whether all algebras have simple bases has been raised by Al-Essa, Lépez-Permouth and Muthana in
2017. In this work, using a construction inspired by the work of Oates-Williams (1984), we introduce a family
of algebras granting us examples of algebras without simple bases and of one-sided simple bases. The same
construction also provides examples which shows that the notion of amenability is not left-right symmetric.
Among other results, we also prove that there is no infinite-dimensional algebra such that every basis is amenable.
This is a joint work with Pinar Aydogdu and Sergio R. Lépez-Permouth. (Received September 25, 2018)

1145-13-757 Whitney I Liske* (liske.20nd.edu). Defining equations of the Rees algebra for a family
of ideals. Preliminary report.

Let R = k[z1,...,x4] be a polynomial ring in d variables over a field k. Let m = (z1,...,24) be the maximal

homogenous ideal of R. Let I be a Gorenstein ideal generated by all the generators of m? except for one. For

each fixed d these ideals are all equivalent, up to change of coordinates. The goal is to compute the defining

equations of the special fiber ring and the Rees ring of these ideals. To compute the Rees ring, we study the

Jacobian dual and the defining equations of the special fiber ring of m2. (Received September 14, 2018)

1145-13-782 Sema Gunturkun* (gunturku@umich.edu) and Mel Hochster. A Case of
Eisenbud-Green-Harris Conjecture. Preliminary report.

The Eisenbud-Green-Harris (EGH) conjecture states that a homogeneous ideal in a polynomial ring Kz1, ..., Zn]

over a field K that contains a regular sequence with given degrees ai,...,a, has the same Hilbert function as

a lex-plus-powers ideal containing the powers of the variables z; with the degrees a;. In this talk, we discuss a
case of the EGH conjecture for homogeneous ideals generated by n + 2 quadrics containing a regular sequence
of full length and show that EGH is true when n = 5 and a; = ... = a5 = 2. This is a joint work with Mel
Hochster . (Received September 14, 2018)

1145-13-817 Roger A Wiegand* (rwiegand1Qunl.edu), Department of Mathematics, University of
Nebraska, Lincoln, NE 68588-0130. Semigroups of Modules.

Let R be a commutative, Noetherian, local ring. We consider the semigroup of isomorphism classes of finitely

generated R-modules, with the semigroup operation induced by the direct sum. This approach yields some

“nice” properties that hold for all decompositions. For example, one cannot have indecomposable modules A

and B such that A®@ A® A= B@ B. It also allows one to construct many “silly” examples. For instance, one

can have four pairwise non-isomorphic indecomposable R-modules A, B, C, D such that A ® B @ C =~ D(217)

(the direct sum of 217 copies of C).
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In this talk I will describe how one obtains such silly examples and also consider the following question: Given
a module M and a positive integer n, how many indecomposable modules occur as direct summands of M7
This will lead to some open problems that are accessible to advanced undergraduates. (Received September
15, 2018)

1145-13-868 Akeel Omairi* (aomairi2015@fau.edu), 6019 Boca Colony Dr. Apt 215, Boca Raton, FL

3443, and Lee Klingler. Unique Decomposition of Direct Sums of Ideals.
Let R be a commutative Noetherian ring. We say that R has the unique decomposition into ideals (UDI)
property if each finite direct sum of ideals of R is uniquely decomposable as a direct sum of indecomposable
R- ideal. For integral domain R, Goeters and Olbering showed that R has UDI if and only if R has at most
one nonprincipal maximal ideal and has UDI locally at that nonprincipal maximal ideal (if it exists). For local
domain R, they gave necessary and sufficient condition that R has UDI in terms of its integral closure. Their
results were extended to reduced (commutative Noetherian) rings by Ay and Klingler. We show that if R is any
commutative Noetherian ring, then R has UDI if and only if R has at most one nonprincipal maximal ideal and
has UDI locally at that nonprincipal maximal ideal (if it exists). We also give an example of a ring without
UDI but which has UDI modulo its nilradical, so that the UDI property does not lift modulo the nilradical.
(Received September 16, 2018)

1145-13-877 Andras C Lérincz* (alorincz@purdue.edu), Department of Mathematics, Purdue
University, W Lafayette, IN 47907, and Claudiu Raicu. Iterated local cohomology groups
and Lyubeznik numbers for determinantal rings.

We present a recipe for determining iterated local cohomology groups with support in ideals of minors of a

generic matrix in characteristic zero, expressing them as direct sums of indecomposable D-modules. For non-

square matrices these indecomposables are simple, but this is no longer true for square matrices where the relevant
indecomposables arise from the pole order filtration associated with the determinant hypersurface. Specializing
our results to a single iteration, we determine the Lyubeznik numbers for all generic determinantal rings, thus

answering a question of Hochster. (Received September 16, 2018)

1145-13-922 Radoslav Dimitric* (raddimitric@netscape.net). Slenderness Program.

An object S in a category C is slender if, for every family of objects An,n € N, and every morphism f :
HneN Ap — S in C, one has f|A, = 0, for all but possibly finitely many n € N. In this note, I will outline a
number of research directions in pursuing the constructions generated by the notion of slenderness. (Received
September 17, 2018)

1145-13-938 Matthew F Menture* (30menture@cua.edu), Matthew Menture, Department of
Mathematics, 620 Michigan Avenue NE, Washington, D.C., DC 20064. Grébner bases with
respect to several monomial orderings and computation of Hilbert-type dimension
polynomials.

Let R = K|z1,...,2n] be aring of polynomials over a field K of characteristic zero, and let a partition of the set of

variables into p disjoint subsets be fixed (1 < p < n). Treating R as a filtered ring with the natural p-dimensional

filtration, we consider a special type of reduction in a free R-module and develop the corresponding Grobner-
type basis technique that allows one to prove that the p-variable Hilbert function of a finitely generated filtered

R-module is polynomial. We also present a method of computation of this function based on a generalization of

the Buchberger algorithm to the case of several monomial orderings. (Received September 17, 2018)

1145-13-958 Sean Sather-Wagstaff, Tony Se* (ttseQolemiss.edu) and Sandra Spiroff. Some
properties of ladder determinantal rings. Preliminary report.

Let X be a matrix of indeterminates. We form a ladder Y from X by removing certain indeterminates, and we
form a ladder determinantal ring from Y, which is similar to the more familiar determinantal rings defined for X.
Ladder determinantal rings are known to be Cohen-Macaulay (“nice rings”). We would like to, in some sense,
measure how far a ladder determinantal ring is from being Gorenstein (a “nicer ring”). This is done by finding
the number of isomorphism classes of semidualizing modules of the ring. We will show how to determine this
number from the shape of the ladder Y and display many examples. This is joint work with Sean Sather-Wagstaff
and Sandra Spiroff. (Received September 17, 2018)
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1145-13-966 Courtney R Gibbons* (crgibbon@hamilton.edu), Math Department, Hamilton College,
198 College Hill Road, Clinton, NY 13323. Boij-Soederberg theory as an introduction to
research in commutative algebra. Preliminary report.

Commutative algebra is ripe with topics for undergraduate research, and I will discuss one such topic: Boij-

Soederberg theory. I will focus on specific results from two undergraduate research projects I mentored in

this context, including how I developed the projects to dovetail with my own research agenda. I will also

(briefly!) describe my experience as a mentor to undergraduates and a few things I wish I’d known ahead of

time. (Received September 17, 2018)

1145-13-1004 Susan Morey* (morey@txstate.edu), Department of Mathematics, Texas State
University, 601 University Dr., San Marcos, TX 78666. Depths of Powers of Ideals and the
Power of Depth of Understanding Algebra.
There are many ways to measure the size of objects in Commutative Algebra. One such measure for an ideal
I of a ring R is the depth of R/I. This talk will focus on joint work with various groups of undergraduate or
early graduate students studying this key invariant, particularly when applied to powers of ideals in polynomial
rings. Early results will focus primarily on monomial ideals, with a discussion of how to make research in this
area accessible to students in a way that deepens their understanding of algebraic concepts as well as builds
connections between different areas of mathematics, particularly algebra and graph theory, thereby increasing
depth of understanding of both fields. The talk will incorporate some new results on how to use concretely
constructed initially regular sequences to realize effective depth bounds, with a discussion of open problems that
show promise for being approachable by motivated students. (Received September 18, 2018)

1145-13-1060 Joe A. Stickles, Jr.* (jstickles@millikin.edu). Graphs and Commutative Rings.
Nearly twenty years ago Anderson and Livingston published their paper on zero-divisor graphs of commutative
rings. Since then hundreds of papers concerning graphical structures associated with algebraic objects have been
published, and many of the results were produced by undergraduates. In this talk, we will focus on three specific
structures: zero-divisor graphs, ideal-divisor graphs, and irreducible divisor graphs. Student results and avenues
for future research will be discussed. (Received September 18, 2018)

1145-13-1078 Jennifer Kenkel* (kenkel@math.utah.edu). Local Cohomology of Thickenings.
Preliminary report.

Let R be a standard graded polynomial ring that is finitely generated over a field, and let I be a homogenous

prime ideal of R. Bhatt, Blickle, Lyubeznik, Singh, and Zhang examined the local cohomology of R/It, as t goes

to infinity, which led to the development of an asymptotic invariant by Dao and Montano. I will discuss their

results and give concrete examples of the calculation of this new invariant in the case of determinantal rings.

(Received September 18, 2018)

1145-13-1145 Samuel H Chamberlin* (samuel.chamberlin@park.edu), 8700 NW River Park Dr. Box
30, Parkville, MO 64152, and Azadeh Rafizadeh. A generalization of the Newton Girard
formula to the monomial symmetric polynomials.

The Newton-Girard Formula allows one to write any elementary symmetric polynomial as a sum of products of

power sum symmetric polynomials and elementary symmetric polynomials of lesser degree. It has numerous ap-

plications. We have generalized this identity by replacing the elementary symmetric polynomials with monomial
symmetric polynomials. We will also discuss an application of this formula to representations of Lie algebras.

(Received September 19, 2018)

1145-13-1146 Jackson Autry* (jautry@sdsu.edu). Membership and Elasticity in Certain Affine
Monoids.

For affine monoids of dimension 2 with embedding dimension 2 or 3, we study the problem of determining

when a vector is an element of the monoid, and the problem of determining the elasticity of a monoid element.

(Received September 19, 2018)

1145-13-1268 Adam Boocher and James Seiner*, james.seiner@stonybrook.edu. Lower Bounds on
Betti Numbers.

Let R be a polynomial ring and I an ideal of R of height ¢. The Betti numbers ;(R/I) of R/I are the ranks

of the modules in a minimal free resolution of R/I. Intuitively, these give some measure of the complexity of

relations on the generators of I, and therefore we expect that there should be “at least as many relations as

there are trivial ones,” an expectation which motivates a conjecture due to Buchsbaum-Eisenbud and Horrocks

that 8;(R/I) > (f) This conjecture however, has been open since 1977. In this talk I will discuss some variants
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of the conjecture— various weakenings and special cases, including our recent result that if I is a monomial ideal
that is not a complete intersection then 3 8;(R/I) > 2¢ +2°~1. (Received September 20, 2018)

1145-13-1424 Irena Swanson (iswanson@reed.edu), 3203 SE Woodstock Boulevard, Portland, OR
97202, and Robert Marshawn Walker* (robmarsw@umich.edu), 530 East Church Street,
2070 East Hall, Ann Arbor, MI 48109. Tensor-Multinomial Sums of Ideals and
Applications.

This is joint work with Irena Swanson found on arXiv:1806.03545. Given a polynomial ring C' over a field and

proper ideals I and J whose generating sets involve disjoint variables, we determine how to embed the associated

primes of each power of I + J into a collection of primes described in terms of the associated primes of select

powers of I and of J. We discuss applications to constructing primary decompositions for powers of I+ J, and to

attacking the persistence problem for associated primes of powers of an ideal. (Received September 21, 2018)

1145-13-1446 Alessandra Costantini* (costanta@purdue.edu). Cohen-Macaulayness of Rees algebras
of modules. Preliminary report.

Rees algebras of ideals and modules arise in Algebraic Geometry as homogeneous coordinate rings of blow up
or as graphs of rational maps. The Cohen-Macaulayness of the Rees algebra of an ideal I is well-understood
in connection with the Cohen-Macaulayness of the associated graded ring of I, thanks to results of Huneke,
Trung and Ikeda. However, there is no module analogue for the associated graded ring, so the study of Cohen-
Macaulayness of Rees algebras of modules is in general more complicated. In this talk we will present the
technique of generic Bourbaki ideals introduced by Simis, Ulrich and Vasconcelos, and use it to provide sufficient
conditions for the Rees algebra of a module to be Cohen-Macaulay. Our results generalize results of Johnson
and Ulrich, and of Goto, Nakamura and Nishida. (Received September 21, 2018)

1145-13-1482 Tim C McEldowney* (tmcel001Qucr.edu). Jacobson and Hilbert Module Equivalence.
Preliminary report.

It has been known for half a century that for commutative rings being Hilbert is equivalent to being Jacobson.

Recently, Hilbert modules were created by D. Rush and Jacobson modules were created by M. Maani Shirazil

and H. Sharif. We will show that if M is a finitely generated module then M is a Hilbert module if and only if it

is a Jacobson module. We will also show the relationship between Hilbert modules and Hilbert rings. (Received

September 22, 2018)

1145-13-1504 Robert Huben* (rhuben@huskers.unl.edu). A Recursive Technique for finding Betti
Decompositions of Complete Intersections.

Certain algebraic objects known as Betti diagrams can be decomposed into a linear combinations of “pure

diagrams” through a greedy algorithm. In this talk, I will discuss my research experience as an undergraduate

overseen by Dr. Gibbons, and the recursive method we found that provides an alternative decomposition

algorithm in certain circumstances. (Received September 22, 2018)

1145-13-1517 Simplice Tchamna* (simplice.tchamna@gcsu.edu), Department of Mathematics,

Georgia College, Campus Box: 017, Milledgeville, GA 31061. A study of m-canonical ideals.
We study properties of multiplicative canonical (or m-canonical ) ideals of ring extensions. Let R C S be a
ring extension. A nonzero S-regular ideal I of R is called an m-canonical ideal of the extension R C S if
(I:s (I:gJ))=J for all S-regular ideal J of R. We study multiplicative canonical ideals for pullback diagrams,
and we use the notion of multiplicative canonical ideal to characterize Priifer extensions. (Received September
22, 2018)

1145-13-1525 Babak Jabbar Nezhad* (bjabbarn@uark.edu), 1 University of Arkansas, Dpartment of
Mathematical Sciences, Fayetteville, AR 72701. Grobner bases and equations of the
multi-Rees algebras.

In this talk we describe the equations defining the multi-Rees algebra R[I71t1, ..., I t;], where R is a Noetherian

ring containing a field and the ideals are generated by a subset of a fixed regular sequence. (Received September

22, 2018)

1145-13-1594 Benjamin J Drabkin* (benjamin.drabkin@huskers.unl.edu), 1535 F Street, Apt 10,
Lincoln, NE 68508. The containment problem for symbolic powers and hyperplane
arrangements.

Given an ideal I in a commutative Noetherian ring R, the m-th symbolic power of I is defined to be I(") =

npeAss(I) I7'NR. Tt is well known, due to the works of Ein-Lazarsfelt-Smith, Hochster-Huneke, and Ma-Schwede,

that every ideal I of codimension e in a regular ring satisfies the containment I(¢™) C I" for all > 1. In many
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cases, this containment can be improved upon, however, in recent years a number of ideals have been found for
which the containment is tight.

Ideals exhibiting tight containments have been the object of a great deal of study over the last few years, and
there has been a concerted effort to find new containment-tight ideals. All known ideals exhibiting tight contain-
ments arise from certain hyperplane arrangements. This talk will demonstrate a technique by which containment-
tight ideals arising from the singular locus of a hyperplane arrangement can be used to find containment-tight
ideals in higher-dimensional hyperplane arrangements. This has applications to providing novel examples of
containment-tight ideals. (Received September 23, 2018)

1145-13-1622 Corey Brooke* (cbrooke@uoregon.edu), Department of Mathematics, 202 Fenton Hall,
University of Oregon, Eugene, OR 97403-1222. Associated Primes of h- Wheels and Other
Graphs.

In this talk, I will present the main result of the 2016 Fairfield REU in algebra: a family of graphs whose cover
ideals have high indices of stability, called h-wheels. Necessarily, I will need to approach this result from both
purely algebraic and relatively combinatorial perspectives, but the most satisfying insights will marry the two,
exposing how changing a graph affects the algebraic properties of its cover ideal. Along the way, I will share my
experiences as an REU student terrified of graph theory and will offer some ideas for future research. (Received
September 23, 2018)

1145-13-1670 Janet Striuli*, Corey Brooke, Molly Hoch, Sabrina Lato and Bryan Wang. The
index of stability: a project for undergraduate students.

Given an ideal I in a Noetherian ring, Brodmann proved that there exists an integer k such that Ass(I*) =

Ass(IF*™) for all n > 0. The index k is called index of stability. In this talk we will survey what is known

about the value of k and we will present the project that was carried out in the Fairfield REU 2016. (Received

September 23, 2018)

1145-13-1759 Joseph W Skelton* (jskelton@tulane.edu), 2220 Cleary Ave., Apt 123, Metairie, LA
70001. Algebraic Invariants and Symbolic Powers of Edge Ideals.

I will introduce important invariants invariants, such as the Wald- schmidt constant, resurgence number, and

regularity, that have broad applications in commutative algebra and other areas of research. Examples will be

given to illustrate each topic. A number of recent results will also be discussed. (Received September 24, 2018)

1145-13-1849 H Lindo*, 64 Meacham St, Williamstown, MA 01267, and N Pande. Trace Ideals and the
Gorenstein Property.

The trace ideal of an R-module M is the ideal generated by all the homomorphic images of M in R. Recent

work with undergrads has successfully used trace ideals to characterize zero-dimensional Gorenstein rings. In

this talk I will discuss how trace ideals can capture the homological properties of a commutative ring and several

resulting open questions. (Received September 24, 2018)

1145-13-2142 Amal Mattoo* (amattoo@college.harvard.edu), 6809 Persimmon Tree Rd., Bethesda,
MD 20817, and Jiyang Gao, Yutong Li and Michael C. Loper. Virtual Complete
Intersections in P* x P1.
We study homological invariants of a finite set of points in P; X P;. We give examples where the size of a minimal
free resolution for the vanishing ideal of the points depends on interactions between the cross ratios of the points in
each copy of P1. We then examine virtual resolutions in the sense of Berkesch, Erman and Smith, which for points
in Py x P; are complexes that resolve the vanishing ideal only up to saturation by the irrelevant ideal. We show
that virtual resolutions, though not a combinatorial invariant, nevertheless convey more condensed geometric
structure. We show that set-theoretically every finite set of points forms a complete intersection, meaning that
there is an ideal whose vanishing set is exactly the set of points and the ideal admits a virtual resolution taking
the form of a Koszul complex. In the richer case of reduced points, we use tools including Generalized Bézout’s
Theorem, degree analysis, and number-theoretic techniques, to give various sufficient conditions and necessary
conditions for a virtual complete intersection. In particular, we completely classify the case where the points
form a Ferrers diagram on a ruling of Py X P;. (Received September 24, 2018)

1145-13-2151 Thomas M. Ales* (tales@masonlive.gmu.edu), 210 Marcum Ct, Sterling, VA 20164.
Invariants of closure operators in Stanley-Reisner rings.

Let R = k[z1,...,2n]/Ia where Ia is an ideal of k[z1,...,zn] generated by square free monomials and k is

an infinite field of characteristic p > 0. If I is an ideal of R with I* = J, the tight closure of I, I is called a

x-reduction of J. Further, the intersection of all minimally generated *-reductions of J is called the *-core of J.
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Let J = (z1,...,2n). Then we examine all x-reductions of J and bounds and special cases of *-core of J. We
expand this work to the integral closure operator and the analogous integral closure ideas of reductions and core
of J. (Received September 24, 2018)

1145-13-2214 Erin Bela* (bela@juniata.edu). Numerical Maculification in Arbitrary Codimension.

An ideal J C k[zo,- - ,zn] is said to be Numerically ACM (NACM) if R/J has the Hilbert function of some
codimension ¢ ACM subscheme of P™. In this talk, I describe an algorithm which takes an arbitrary ideal and
produces, via a finite sequence of basic double links, an ideal which is NACM. An immediate consequence of this
result is that every even liaison class of codimension ¢ subschemes of P™ contains elements which are NACM.
This was first proved for the codimension two case by Migliore and Nagel, and I demonstrate that these results
can be extended to higher codimension.

Let £ denote the even liaison class of three skew lines in P4, and let £g denote the even liaison class of three
skew lines on a smooth hypersurface S C P* of degree d > 2. It is possible to give a complete description of
the sequences of basic double links which (in S) produce curves which are NACM. I conclude by using this to
show that the subset of Lg consisting of NACM subschemes, denoted by Mg, fails to have the Lazarsfeld-Rao
property. (Received September 25, 2018)

1145-13-2314 Eliseo Sarmiento* (esarmiento@ipn.mx), Secretaria de Investigacién y Posgrado, 07738
Mexico City, Mexico, Mexico, and Eduardo Camps, Rafael Villarreal and Manuel
Gonzalez. The second generalized hamming weight of some evaluation codes arising from
a projective torus.

Let K be a finite field and let X be a subset of a projective space, over the field K, which is parameterized by

the square-free monomials.

It is shown that I(X) is a complete intersection if and only if X is a projective torus. In this case we determine

a formula for the second generalized Hamming weight of evaluation codes arising from a projective torus. This

allows us to compute the corresponding weights of the codes parameterized by the edges of a complete bipartite

graph. We determine some of the generalized Hamming weights of non-degenerate evaluation codes arising from

a complete intersection in terms of the minimum distance, the degree and the regularity. (Received September

25, 2018)

1145-13-2340 Hailong Dao (hdao@ku.edu), Joseph Doolittle (jdoolitt@ku.edu), Ken Duna,
Bennet Goeckner (goecknerQuw.edu), Brent Holmes* (brentholmes@ku.edu) and
Justin Lyle (justin.lyle®@ku.edu). Higher Nerves of Simplicial Complexzes.

We investigate generalized notions of the nerve complex for the facets of a simplicial complex. We show that

the homologies of these higher nerve complexes determine the depth of the Stanley-Reisner ring k[A] as well as

the f-vector and h-vector of A. We present, as an application, a formula for computing regularity of monomial

ideals. (Received September 25, 2018)

1145-13-2607 Ashleigh Thomas* (athomas@math.duke.edu). Summary statistics for persistent
homology.

Persistent homology is a multiscale geometric and topological data analysis technique that has output in the

form of a module. These modules can be too unwieldy to work with, so statistical analysis is done on summary

statistics for the modules instead of on the modules themselves. I will discuss the interplay of algebra and

stochastic analysis while I describe some desirable properties of persistence module summary statistics and give

a novel example. (Received September 25, 2018)

1145-13-2711 Kevin Tucker* (kftuckerQuic.edu), Karl Schwede, Thomas Polstra and Linquan
Ma. The Behavior of the F-signature under Small Birational Modifications.

The F-signature is a local numerical invariant of commutative rings in positive characteristic, defined in terms
of the number of splittings of the iterates of the Frobenius endomorphism. It can be viewed as a measure of
singularity, as it is one if and only if the ring is regular, and positive only when the ring is strongly F-regular.
While the behavior of the F-signature under arbitrary blowups is not well understood, we show that the F-
signature increases under a small birational modification. In particular, this shows that the F-signature is subtle
enough to detect the improvement in the singularities under such a morphism. (Received September 25, 2018)

1145-13-2861 Ranthony A.C. Edmonds*, edmonds.110Q@Qosu.edu. Factorization in Polynomial Rings
with Zero Divisors. Preliminary report.

It is well known that if R is a unique factorization domain, then R[X] is a unique factorization domain and

vice versa. However, if R satisfies the unique factorization property but is not an integral domain, R[X] does
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not have to be a unique factorization ring. This example highlights the general bad behavior of factorization
properties with respect to the polynomial ring extension R[X] when R is an arbitrary commutative ring with
zero divisors.

In this talk we discuss how factorization in an arbitrary commutative ring R with zero divisors differs from
when R is an integral domain, and frame that conversation in the context of polynomial rings. Along the
way we focus on some of the challenges in factorization that arise when working with zero divisors, and give
a characterization of when a polynomial ring over an arbitrary commutative ring has unique factorization.
(Received September 25, 2018)

1145-13-2887 Davis Deaton* (davis.deaton@pop.belmont.edu) and Jordan Sawdy
(jordan.sawdy@pop.belmont.edu). Unstacking Tortoise Shells with Math: Factoring
Multivariate Polynomials in the Tropical Semiring. Preliminary report.
The real numbers endowed with the operations of min and + form an idempotent semiring referred to as the
Tropical Semiring. Factorizations of the multivariate polynomials over this semiring are not unique. Our goal is
to provide an algorithm to produce all the factorizations of any given multivariate tropical polynomial. To do so,
we associate each polynomial with a polyhedral complex such that multiplication of the polynomials corresponds
to Minkowski addition of the complexes. We use a dual complex to describe each factor as a polyhedral complex
satisfying a certain zero tension condition. This condition allows us to frame the irreducible factors as the
Hilbert basis of a system of Diophantine linear equalities, which can be computed using known algorithms. These
irreducible factors are then easily stitched together to form all possible factorizations. (Received September 25,
2018)

14 » Algebraic geometry

1145-14-236 Robert Lazarsfeld*, Department of Mathematics, Stony Brook University, Stony Brook,
NY 11794. Tangent Developable Surfaces and the Equations Defining Algebraic Curves.

In the early 1980’s, Mark Green made a very influential conjecture about the defining equations and higher
syzygies of canonically embedded projective algebraic curves. While the conjecture remains open in general,
Voisin settled the generic case in two breakthrough papers appearing about fifteen years ago. Very recently,
Aprodu, Farkas, Papadima, Raicu and Weyman gave a simple new proof of Voisin’s theorem. Their work
revolves around the analysis of a very classical geometric object, namely the tangent developable surface of a
rational normal curve. In this talk aimed at non-experts, I will survey this circle of ideas. (Received August
23, 2018)

1145-14-303 Juliette Bruce* (juliette.bruce@math.wisc.edu), Van Vleck Hall, 480 Lincoln Dr,
Madison, WI 53706. Asymptotic Syzygies for Products of Projective Space.

I will discuss results describing the asymptotic syzygies of products of projective space, in the vein of the explicit

methods of Ein, Erman, and Lazarsfeld’s non-vanishing results on P". (Received August 29, 2018)

1145-14-331 Dmitrii Kubrak* (dmkubrak@mit.edu). The growth of the number of semistable
G-bundles on curves over finite fields.
Let {X;} be a sequence of smooth complete curves over Fy such that the genus gx, grows with . Then one
can ask how fast the class number hx, = |Picg{ (Fq)| grows when ¢ — co. Weil’s conjectures give bounds from
above and below: 2log, (/g —1) < log Xl < 2log,(v/g+1). In 1990’s Tsfasman and Vldduts proved that if the
sequence {X;} satisfies some addltlonal asymptotlc properties (e.g. if {X;} is a tower of curves) there is a precise
loghx,
g

formula for lim; ;o < L in terms of some invariants 8, ({X;}). Given a split reductive group G we prove
i

an analogous formula for the (stacky) number of points on the stack Bun%yxi of G-bundles on X;. Studying
the geometry of Bung we also prove that the asymptotic formula does not change if we restrict the count to
the semistable locus Bungy . We also expect that one can replace the stacky count with the actual number of
semistable G-bundles, but can prove this only for G = GL,, at the moment. (Received September 01, 2018)

1145-14-332 Borys Kadets* (bkadets@mit.edu). Sectional monodromy groups of projective curves and
Galois groups of generic trinomials.

Fix a degree d projective curve X C P" over a field K. The talk is concerned with the Galois group Gx

of the field extension defined by the intersection of X with the hyperplane xzg 4+ t1z1 + ... + tyz = 0 over

K(t1,...,tr). It is well-known that Gx is related to the Hilbert polynomial of X. When K has characteristic
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zero Gx = Sg4. The failure of the equality Sy = Gx in characteristic p forces some classical results to have a
characteristic zero assumption, e.g. Harris’ extension of Castelnuovo’s inequality. Even in the special case of the
plane curve z" = y™, when Gx is the Galois group of the trinomial 2" + az™ + b over K(a,b), determining
the possibilities for Gx is an open problem. As an unusual example, the Galois group of x23 + ax® + b over
Fa(a,b) is the Mathieu group Ma23. We study the group Gx for curves over fields of positive characteristic.
When r > 3 we can list all nonstrange nondegenerate projective curves with Ay ¢ Gx. All of them turn out
to be smooth and rational. We also classify the Galois groups of generic trinomials, the possible groups are
AGLy (de), PG’Ld(]Fpk ), PSL2(Fs), M11, M2z, Mag, An and Sp. (Received September 01, 2018)

1145-14-603 Brian Collier*, beollie2@math.umd.edu. Higher Teichmuller components for SO(p,q).

In this talk we will use Higgs bundles to describe new connected components of the SO(p,q) character variety
of a closed surface. Moreover we will explain how these components are deformation spaces of certain Fuchsian
representations. (Received September 11, 2018)

1145-14-855 Bhargav Bhatt*, 2074 East Hall, 530 Church Street, Ann Arbor, MI 48105. Perfectoid
geometry and its applications.

There is a strong and classical analogy, linking number theory and algebraic geometry, between the field of
rational numbers and the field of rational functions in one variable. Perfectoid geometry animates this analogy
by providing a context where one can treat a (fixed) prime number like a variable. The resulting notion has
helped solve long-standing problems in diverse areas of mathematics—mnot just in number theory and algebraic
geometry, but also commutative algebra and algebraic topology. In this talk, I will explain the definition of a
perfectoid ring and discuss some applications. (Received September 16, 2018)

1145-14-1138 Charlotte Ure* (urecharl@msu.edu). An Algorithm to Determine the Three Torsion of
the Brauer Group of an Elliptic Curve. Preliminary report.

Let k be a field of characteristic different from 2 or 3 containing a primitive third root of unity and let E be an

elliptic curve over k. An implication of the Merkurjev-Suslin theorem is that every element in the Brauer group

of E of exponent 3 can be described as a tensor product of symbol algebras over the function field of E. I give

an algorithm to calculate the generators and relations of the three torsion of the Brauer group of E in terms of

these tensor products. This is work in progress. (Received September 25, 2018)

1145-14-1159 Ravi Jagadeesan* (ravi.jagadeesan@gmail.com). Crepant resolutions of Q-factorial
threefolds with compound Du Val singularities.

We study the set of crepant resolutions of Q-factorial threefolds with compound Du Val singularities. We
derive sufficient conditions for the Kawamata—Kollar—Mori—Reid decomposition of the relative movable cone into
relative ample cones to be the decomposition of a cone into chambers for a hyperplane arrangement. Under
our sufficient conditions, the hyperplane arrangement can be determined by computing intersection products
between exceptional curves and divisors on any single crepant resolution. We illustrate our results by considering
the Weierstrass models of elliptic fibrations arising from Miranda collisions with non-Kodaira fibers. Many of
our results extend to the set of crepant partial resolutions with Q-factorial terminal singularities. (Received
September 19, 2018)

1145-14-1348 Yuwei Zhu* (yuwei_zhu@brown.edu), Math department, 151 Thayer Street, Brown
University, Providence, RI 029012. Shioda’s fourfold and CM Mumford’s fourfold.

It was proved by Shioda in 1981 that the Jacobian of the curve y? = x9—1 has extra Hodge cycles of codimension 2
that is not generated by divisors. Shioda noted that this phenomenon is similar to the family of abelian fourfold
constructed by Mumford in 1969, which naturally leads to the question of whether one can realize Shioda’s
Jacobian as a special case of Mumford’s construction. In this talk we will use the Mumford-Tate group to show
that Shioda’s fourfold cannot be realized as a special Mumford’s fourfold, but it is derived equivalent to one.
(Received September 21, 2018)

1145-14-1409 Edoardo Persichetti* (epersichetti@fau.edu). Reproducible Codes and Cryptographic
Applications. Preliminary report.

In this talk I will present a work on structured linear block codes. The investigation starts from well-known
examples and generalizes them to a wide class of codes that we call reproducible codes. These codes have the
property that they can be entirely generated from a small number of signature vectors, and consequently admit
matrices that can be described in a very compact way. I will show some cryptographic applications of this
class of codes and explain why the general framework introduced may pave the way for future developments of
code-based cryptography. (Received September 21, 2018)
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1145-14-1696 Dan Bates* (dbates@usna.edu). Geolocation via polynomial systems. Preliminary report.
Given a radio frequency emitter and multiple receivers, there are various formulations of polynomial systems that
can be used to recover the emitter location from received measurements. This goes for planar and scalar scenarios
and a variety of types of measurements (time, frequency, etc.). Some of these formulations been available and
used in practice for years, others are just beginning to draw attention now.

In this talk, we describe some recent advances in approaching the RF emitter geolocation problem with various
techniques from numerical algebraic geometry, a set of methods for solving polynomial systems. (Received
September 24, 2018)

1145-14-1744 Jeb Collins* (jbcolli2@gmail.com), Matt Welz, Jessie Lenarz and Kristine Pelatt.

0-Twisted Involution Graphs of Sy with non-standard generating sets. Preliminary report.
Twisted involutions are important in the study of reductive symmetric spaces and symmetric k-varieties. In
many cases, the twisted involutions of an algebraic group classify particular orbits of that group. It is possible
to determine the f-twisted involutions algorithmically. This algorithm depends on a particular generating set.
This algorithm has been proved to generate all twisted involutions for a group given the standard generating
set. In this work, we focus particularly on S),, and show that any generating set of S,, can be used to generate
all twisted involutions. (Received September 24, 2018)

1145-14-1829 Carlos A. Florentino* (caflorentino@fc.ul.pt), Dep. Matematica, Fac. Ciencias, Univ.
de Lisboa, Edf. C6, Campo Grande, 1749-016 Lisboa, Portugal. Topology and Arithmetic
of GL(n,C)-Character Varieties. Preliminary report.

Given a finitely generated group F' and a complex reductive Lie group G, the G-character variety of F,

XpG = Hom(F,G)//G, is typically a singular algebraic variety, defined over the integers, and some of its

geometric, topological and arithmetic properties can be encoded in a polynomial generalization of the Euler-

Poincaré characteristic: the E-polynomial. The most interesting cases are when F' is the fundamental group of

a Kéahler manifold M, since then X pG is homeomorphic to a space of G-Higgs bundles over M. In this seminar,

concentrating in the case of the general linear group G = GL(n,C), we present a remarkable relation between

the E-polynomials of XrG and those of X;ITG, the locus of irreducible representations of F' into G. We will
also give an overview of known explicit computations of E-polynomials, as well as some conjectures and open

problems. (Received September 24, 2018)

1145-14-2267 Sean Ballentine* (seanbal@math.umd.edu), 9200 Edwards Way, Unit 108, Hyattsville,
MD 20783. Codes With Hierarchical Locality from Maps Between Algebraic Curves.

In applications of coding to distributed storage systems it is important to consider the efficiency of the repair of
erasures. Locally recoverable codes provide a way to repair simple erasures without having to access every storage
node. When constructing locally recoverable codes we fix an erasure threshold under which the recovering can
be done locally. In 2015, Sasidharan et al. introduced codes with hierarchical locality, a natural extension of
locally recoverable codes in which there are tiers of recoverability handling different amounts of erasures. The
main goal of this talk will be to examine constructions of such codes from towers of projective curves. (Received
September 25, 2018)

1145-14-2287 Vance Blankers* (blankers@math.colostate.edu), 2700 Stanford Rd #33, Fort Collins,
CO 80525. The Witten Conjecture for k-classes on the Moduli Space of Curves.

k-classes were introduced by Mumford, as a tool to explore the intersection theory of the moduli space of curves
My. Iterated use of the projection formula shows there is a close connection between the intersection theory of
k-classes on the moduli space of unpointed curves, and the intersection theory of 1)-classes on all moduli spaces.
We show that the generating function for x-class intersections is related to the Gromov-Witten potential of a
point via a change of variables given by complete symmetric polynomials, rediscovering a theorem of Manin and
Zokgraf from ’99. Surprisingly, the starting point of our story is a combinatorial formula that relates intersections
of k-classes and 1-classes via a graph theoretic algorithm (the relevant graphs being dual graphs to stable curves).
Further, this story is part of a large wall-crossing picture for the intersection theory of Hassett spaces, a family
of birational models of My. (Received September 25, 2018)

1145-14-2326 Bill F Trok* (william.trok@uky.edu). Points and Differential Forms. Preliminary report.
Given a finite collection of points Z in projective space P, we say Z admits unexpected hypersurfaces if the
intersection of the ideal I(Z) and I(mQ) where Q is a generic linear subspace is larger than expected. We show
that this problem can be studied by looking at the bundle of logarithmic differential forms of the hyperplane
arrangement, A(Z), which is dual to the sets of points Z. In particular, a differential form defines either a rational
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map through the points or a polynomial vanishing on these points. This perspective allows us to reinterpret old
results in a new context, and study these differential forms from a new perspective. (Received September 25,
2018)

1145-14-2387 Ben Thompson* (blt@bu.edu) and Emma Previato. A New Poncelet Porism.

A new construction for a Poncelet-type porism is presented. The set of planes tangent to a family of quadrics
in 3-dimensional space is of a curve of genus one, just as the incidence correspondence of a plane conic and its
dual in the classical case. In this new construction the translation on the curve is a suitably defined reflection
of a tangent plane to another. We will sketch a proof of this inspired by the proof of the classical theorem given
by P. Griffiths and J. Harris. Finally, we will highlight the fundamental differences between the constructions.
(Received September 25, 2018)

1145-14-2391 Sarah Frei* (sfrei@uoregon.edu). Galois representations of moduli spaces of sheaves.

We will study moduli spaces of stable sheaves on K3 surfaces defined over an arbitrary field. While these varieties
have been studied extensively over the complex numbers, they have only recently been studied more thoroughly
over other fields and were used by Charles to prove the Tate conjecture for K3 surfaces over finite fields. In this
talk, we will discuss the cohomology groups of the moduli spaces as Galois representations. Our main result is
that for any two K3 surfaces, a Galois equivariant isomorphism between their etale cohomology groups implies
an isomorphism as Galois representations between the cohomology groups of moduli spaces of stable sheaves on
each of equal dimension. In particular, when the K3 surfaces are defined over a finite field, this implies that the
moduli spaces have the same zeta functions. (Received September 25, 2018)

1145-14-2577 Suzanna Stephenson*, Department of Mathematics, Brigham Young University, Provo,
UT 84602, and Natalie Larsen, Erik Parkinson, Hayden Ringer, Tyler Moncur and
Tyler Jarvis (jarvis@math.byu.edu). Fast, stable multivariate numerical rootfinding in a
compact region.
We present a multivariate numerical rootfinding algorithm that finds all real zeros in a given compact region
in C" of a system of functions. Our method builds on the ideas of Nakatsukasa, Noferini and Townsend of
subdividing the original search interval and approximating the functions with Chebyshev polynomials. We
then use a variant of the method of Telen and van Barel, finding the roots in each subdomain by computing
eigenvectors of the Chebyshev form of certain Méller-Stetter matrices constructed with a well-chosen basis. We
compare our algorithm, in terms of accuracy and speed, to other popular numerical rootfinding algorithms. In
many instances, this algorithm outperforms all known competitors. (Received September 25, 2018)

1145-14-2777 James Parson* (parson@hood.edu), 401 Rosemont Avenue, Frederick, MD 21701.
Computing the reqular locus of a finitely presented scheme over 7.

The regular locus of a variety over an algebraically closed field (its nonsingular part) can be computed using

a Jacobian criterion. Nagata has analyzed regular loci of Noetherian schemes, where the Jacobian criterion no

longer applies. His analysis shows, in particular, that the regular locus of a finitely presented Z-scheme is open.

We will discuss an algorithm for computing such open sets using Groebner bases for finitely presented Z-algebras

and prime factorization in Z. (Received September 25, 2018)

15 » Linear and multilinear algebra; matrix theory

1145-15-150 David Hestenes* (hestenes@asu.edu). Quaternions in Geometric Algebra and Physics.
Geometric Algebra and Calculus has emerged as a unified mathematical language for the whole of physics — a
language that simplifies formulation and solution of all fundamental equations while providing new insights into
the geometric structure of physics [1]. In this talk I discuss how quaternions fit into Geometric Algebra with
emphasis on rotational dynamics, spinors and Hopf fibrations in electrodynamics.

[1] Geometric Calculus website: <http://geocalc.clas.asu.edu>. Most papers and books on GC can be
accessed or traced from here and links to other websites, especially one at Cambridge University. (Received
August 09, 2018)

1145-15-374 Jon Lee* (jonxlee@umich.edu). On sparse (reflexive) generalized inverses.

We study sparse generalized inverses H of a rank-r real matrix A. We give a “block construction” for reflexive
generalized inverses having at most 2 nonzeros. When r = 1, we demonstrate how minimizing the (vector)
1-norm of H among generalized inverses can be achieved by a particular reflexive generalized inverse following
our block construction. When r» = 2 and A is equivalent to a nonnegative matrix by signing rows and columns,
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we again demonstrate how minimizing the (vector) 1-norm of H among generalized inverses can be achieved by
a particular reflexive generalized inverse following our block construction. Finally, for general r, we demonstrate
how to efficiently find a reflexive generalized inverse following our block construction that is within approximately
a factor of r? of the (vector) 1-norm of the generalized inverse having minimum (vector) 1-norm. This is joint
work with Marcia Fampa (UFRJ). (Received September 04, 2018)

1145-15-669 Stephan Ramon Garcia* (stephan.garcia@pomona.edu), 610 N College Ave, Claremont,

CA 91711. Nonvanishing minors and uncertainty principles.
Fourier uncertainty principles play a major role in harmonic analysis, mathematical physics, and number theory.
In 2005, Tao used a nonvanishing minors result for the DFT matrix to establish the best possible Fourier
uncertainty principle for fields of prime order, a result independently discovered by Biré and Meshulam. We
prove an optimal generalization of the BMT principle for functions that enjoy certain symmetries. The discrete
cosine matrix and its generalizations play a central role. This is joint work with D. Katz and G. Karaali.
(Received September 12, 2018)

1145-15-674 Shaun M. Fallat and Xavier Martinez-Rivera* (xaviermrQauburn.edu). The
almost-principal minors and ap-rank of symmetric matrices.

An almost-principal minor of a given matrix is the determinant of a (square) submatrix whose row and column
indices differ in exactly one index. The almost-principal rank characteristic sequence (apr-sequence) of a sym-
metric matrix B € F"*™ is ajaz - an—1, where ay is A (respectively, N) if all of (respectively, none of) the
almost-principal minors of order k are nonzero; if some but not all are nonzero, then ay = S. The almost-principal
rank of a symmetric matrix B, denoted by ap-rank(B), is the size of a largest nonsingular almost-principal sub-
matrix of B. Results regarding apr-sequences will be presented, and particular attention will be given to the
relationship between the rank and ap-rank of a symmetric matrix. (Received September 12, 2018)

1145-15-703 Christino Tamon* (tino@clarkson.edu), Department of Computer Science, Clarkson
University, 8 Clarkson Avenue, Potsdam, NY 13699-5815. Is quantum state transfer
monogamous?

Given a graph with adjacency matrix A, if a continuous-time quantum walk matrix exp(-itA) sends the char-
acteristic vector of a vertex to the characteristic vector of another vertex, we say perfect state transfer occurs
between the two vertices. We consider the possibility for a vertex to be involved in perfect state transfer with
two other distinct vertices. In this talk, we survey what is known about this question and describe some recent
observations. (Received September 13, 2018)

1145-15-773 Wasin So* (wasin.so@sjsu.edu). On the Spectral Radius of an Equitable Quotient
Matriz. Preliminary report.

Let M be a partitioned matrix with blocks M;; whose rows have a constant sum b;;. Then the smaller matrix

B = [bj;] is called the equitable quotient matrix of M. It is known in literature that the spectrum of B is

contained in the spectrum of M (including algebraic multiplicity). In this talk, we investigate the equality of

the spectral radii of M and B, and the structure of the associated eigenvectors under the additional assumption

that M is nonnegative. (Received September 14, 2018)

1145-15-1090 Gi-Sang Cheon* (gscheon@skku.edu), , South Korea. A new aspect of Riordan arrays.

A Riordan array denoted as (g, f) is an infinite lower triangular matrix constructed out of two formal power
series g, f € F[[z]] with f(0) = 0 in such a way that its kth column generating function is gf* for j > 0. In
many contexts, we see that the Riordan arrays are used as a machine to generate new approaches in enumerative
combinatorics, graph theory, matrix theory, orthogonal polynomials, umbral calculus, analytic number theory,
etc. Particularly, this talk will be devoted to discussing a new aspect of Riordan arrays in connection with a
poset and semigroup algebra A[S] of S of the form:

AlS] = Z cattlcq €TF
aesS
where (S, %) is a commutative semigroup such that for each « € S there are only finitely many (8,7) such that
Bx~v=a. (Received September 18, 2018)

1145-15-1204 Derek D Young* (ddyoung@iastate.edu). Determining the mazimum nullity and
minimum rank field independence for some graphs.

In 2008, it was shown that the maximum nullity of a graph could be bounded above by the zero forcing number

of the graph. We study techniques for determining the value of the maximum nullity for some graphs such as
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the extended cube graphs and Circulant graphs. One technique consists of determining the Colin de Verdiére
number of the graph. It is known that the Colin de Verdiére number is a lower bound for the maximum nullity
but the value is not easily determined. We also use equitable partitions of the graph’s vertex set to determine
the nullity of the adjacency matrix. Lastly, equitable decompositions on the adjacency matrix is used determine
minimum rank field independence for some graphs. (Received September 20, 2018)

1145-15-1771 Misha E Kilmer* (misha.kilmer@tufts.edu), Mathematics Department, 503 Boston
Ave, Medford, MA 02155, and Elizabeth Newman (e.newman@tufts.edu), Department of
Mathematics, 503 Boston Ave., Medford, MA 02155. Tensor Dictionaries for Applications
in Imaging.
Most problems in imaging science involve operators or data that are inherently multidimensional, yet often
traditional approaches to modeling, analysis and dimensionality reduction involve matricized data. In this talk,
we discuss ways in which multiway array (aka tensor) dictionaries can be leveraged for tasks such as image
compression and reconstruction, recognition, and classification. The unifying mathematical construct in our
approaches is the t-product (Kilmer and Martin, LAA, 2011) and associated algebraic framework which permits
extension of linear algebraic concepts and matrix algorithms to tensors. Dictionaries from training data can be
generated via an Eckart-Young result or, in the cases requiring constraints such as sparsity or non-negativity,
learned in an optimization framework. As we demonstrate on examples, these dictionaries are a powerful tool
we can leverage in matrix-mimetic algorithms for the tasks noted above. (Received September 24, 2018)

1145-15-2036 Jillian L Glassett* (jillian.glassettQusu.edu) and Judith J McDonald. Spectrally
arbitrary patterns over rings with unity.

A zero-nonzero pattern A is a matrix with entries from the set {0, *}. A square pattern A is spectrally arbitrary
over R, a commutative ring with unity, if for each n-th degree monic polynomial f(z) € R[z|, there exists a
matrix A over R with pattern A such that characteristic polynomial of A, p4(z), is f(z). A is relaxed spectrally
arbitrary over R if for each n-th degree monic polynomial f(z) € R[], there exists a matrix A over R with either
pattern A or a subpattern of A such that pa(z) = f(z). We evaluate how the structure of rings affects how we
determine if a pattern is spectrally arbitrary. We consider whether a pattern that is spectrally arbitrary over R
is spectrally arbitrary or relaxed spectrally arbitrary over another commutative ring S with unity. We establish
that a pattern that is spectrally arbitrary over Z is relaxed spectrally arbitrary over Z,, for all m € Z4 and
spectrally arbitrary over Q. Similarly, a pattern that is spectrally arbitrary over the p-adic integers is spectrally
arbitrary over the p-adic numbers. (Received September 24, 2018)

1145-15-2086 Edinah K. Gnang*, Whitehead Hall, 3400 North Charles Street, Baltimore, MD 21218.
Theory and applications of algebraic and combinatorial constructs. Preliminary report.

We describe a theory of constructs as a framework for unifying the multiple variants of the algebra of matrices

while at the same time broadening the scope of classical linear algebra algorithms and concepts. (Received

September 24, 2018)

1145-15-2352 Nancy Matar* (matarin@cmich.edu), Department of Mathematics, Central Michigan
University, Mount Pleasant, MI 48859, and Sivaram Narayan. On Signed Graphs Whose
Minimum semidefinite Rank Is Equal To Two.

For a simple graph G, the minimum rank among all symmetric positive semidefinite matrices associated to G by

their zero-nonzero pattern is called the minimum semidefinite rank of G. The patterns (+, —, 0) of real symmetric

positive semidefinite matrices are used to study the minimum semidefinite rank of signed graphs (G, f), where f

is a function that associates to every edge in G a sign from the set {+, —}. In this talk, a characterization of the

signed graphs with minimum semidefinite rank equal to two will be presented. (Received September 25, 2018)

1145-15-2552 Sima Ahsani* (sza0043Qauburn.edu). Eztension of some log-majorization inequalities to
Lie groups. Preliminary report.

The topic log-majorization of matrices have been studied extensively in matrix theory. Bertram Kostant in

1973 generalized the concept of log-majorization for matrices to Lie groups. In fact, he defined a preorder on

noncompact connected semisimple Lie groups. We will look at some recent results on log-majorization inequalities

including the geometric mean of two positive definite matrices and show their extension to the context of Lie

groups using Kostant preorder. (Received September 25, 2018)
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1145-15-2629 Samuel J Ivy* (samuel.ivy@usma.edu). Classifying the Fine Structures of Involutions
Acting on Root Systems. Preliminary report.

We consider real reductive symmetric spaces produced by Lie groups with an involution and the orbits of

parabolic subgroups acting on these symmetric spaces. This characterization involves the action of both the

symmetric space involution # on maximal R-split tori and their associated root systems along with the action

of the opposing involution —6@. The classification of the fine structures of root systems by an involution help to

better understand the action of both 6 and —6. (Received September 25, 2018)

1145-15-2681 Aritra Dutta and Xin Li* (xin.li@ucf.edu), 4000 Central Florida BLVD, Orlando, FL
32816. A fast weighted singular value thresholding method. Preliminary report.

Singular value thresholding (SVT) plays an important role in many low rank matrix approximation algorithms
that have many applications in machine learning, pattern recognition, and computer vision. In this talk, we
propose a new fast algorithm to solve a weighted version of the singular value thresholding problem (WSVT)
which uses a combination of the nuclear norm and a weighted Frobenius norm. We will also give a survey on
the various version of generalized or weighted variants of SVT in the current literature. (Received September
25, 2018)

1145-15-2787 Zhuo-Heng He and Jianzhen Liu* (1j445@medaille.edu), 18 Agassiz Cir, Buffalo, NY
14214, and Tin-Yau Tam and Qing-Wen Wang. A system coupled Sylvester-type tensor
equations over quaternion and its applications.

We consider the system of coupled Sylvester-type tensor equations A; xn X; — Xip1 *a Bi =C;, (1 =1,2,3,4)

over the quaternion algebra, where the operation % is the Einstein product, A;, B;, and C; are given quaternion

tensors with suitable order. We derive some necessary and sufficient conditions for the solvability of this system
in terms of Moore-Penrose inverses of quaternion tensors, and provide an expression of the general solution to
this system when it is solvable. As an application, we provide some necessary and sufficient conditions for the
solvability and the expression of the general solution to the system of mixed pairs of Sylvester quaternion tensor
equations A; xny X — YV xn B1 = C1, A2 5 Y — Z xn By = C2, where Z is Hermitian. Some algorithms and
numerical examples are presented to illustrate the results. (Received September 25, 2018)

1145-15-2846 Troy V Banks* (tvbanks@salisbury.edu), Department of Math and Computer Science,
1101 Camden Ave, Salisbury, MD 21801. On the structure of a class of Hankel-like Positive
Definite Kernels.

We investigate a certain class of Hankel-like positive definite kernels using their associated orthogonal polyno-

mials. We focus on the connection between the moments of the kernel and its Jacobi coefficients. (Received

September 25, 2018)

16 » Associative rings and algebras

1145-16-250 Garri Davydyan* (garri.davydyanQgmail.com), 213-224 Viewmount Drive, Nepean,
Ontario K2E 0B4, Canada. Split-quaternion representation of a functional hierarchy of a
biologic system. Preliminary report.

Previously it was proposed that three regulatory patterns (negative feedback, positive feedback and reciprocal

links) determine a functional cor of biologic systems. As a math structure each pattern is represented by

a second order matrix over R, M(2,R). Evolution of biologic systems occurs through the formation of more

complex, organized in hierarchy, steady functional structures. It is assumed that R, C, H entries on M(2,*)

module represent a sequence of hierarchical levels obtained by a functional splitting of characters during biologic

development. (Received August 24, 2018)

1145-16-455 Cris Negron*, Department of Mathematics, Massachusetts Institute of Technology,
Cambridge, MA 02142. Modular quantum groups at even roots of 1. Preliminary report.

I will discuss recent work on constructing small quantum groups—also known as Frobenius-Lusztig kernels—at
even roots of unity. In particular, for any simple Lie algebra g and even root of unity ¢, we would like to associate
a corresponding finite-dimensional, factorizable, ribbon (i.e. modular) quasi-Hopf algebra. The main issue here
is that, for g = sl at any even root of unity, for example, naive construction of such quantum groups produce
finite tensor categories which admit no braiding, by a result of Kondo and Saito. Our investigation is motivated
by conjectural relations between triplet vertex algebras and such modular quantum groups, and intersects with
works of Gainutdinov, Runkel, and coauthors. (Received September 06, 2018)
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1145-16-637 Elizabeth Wicks* (lizwicks@uw.edu). Frobenius-Perron Theory of Modified ADE Bound
Quiver Algebras.

The Frobenius-Perron dimension for an abelian category was recently introduced. We apply this theory to the
category of representations of the finite-dimensional radical square zero algebras associated to certain modified
ADE graphs. In particular, we take an ADE quiver with arrows in a certain orientation and an arbitrary number
of loops at each vertex. We show that the Frobenius-Perron dimension of this category is equal to the maximum
number of loops at a vertex. Along the way, we introduce a result which can be applied in general to calculate
the Frobenius-Perron dimension of a radical square zero bound quiver algebra. We use this result to introduce a
family of abelian categories which produce arbitrarily large irrational Frobenius-Perron dimensions. (Received
September 12, 2018)

1145-16-795 Meric Augat* (mlaugat@ufl.edu). The Free Grothendieck Theorem.
A remarkable pair of theorems of Grothendieck say if p : C9 — C9 is an injective polynomial, then p is bijective
and its inverse is a polynomial. We prove a free analog of this. Recall that a free polynomial mapping in g freely
non-commuting variables sends g-tuples of matrices (of the same size) to g-tuples of matrices (of the same size).
Our result is as follows; if p is a free polynomial mapping that is injective, then it has a free polynomial
inverse. We will make use of a free version of the Jacobian Conjecture as well as results from free analysis,
formal power series and skew fields. If there is enough time we will discuss the generalization of the theorem to
free rational mappings.
The Free Grothendieck Theorem is related to free analysis, automorphisms of the free algebra and tame vs.
wild automorphism of the free algebra. (Received September 14, 2018)

1145-16-969 Jacob Laubacher*® (jacob.laubacher@snc.edu). A Deformation Theory Controlled by
HY4(A, A). Preliminary report.

In this talk we explore how the higher order Hochschild cohomology of a commutative algebra A with coefficients

in A controls a deformation theory when the simplicial set is taken as the d-sphere for any d > 1. (Received

September 17, 2018)

1145-16-1059 Daniel P. Bossaller* (dbossaller@jcu.edu) and Sergio R. Lépez-Permouth
(1lopez@ohio.edu). The Toeplitz-Jacobson Algebra is not Spanned by Strongly Regular
Elements.

The algebra 7 = K(z,y|zy = 1) was introduced by Jacobson in during his investigation of elements which are
one-sided invertible. Since then, the so-called “Toeplitz-Jacbson” algebra has been widely studied because it fails
to be directly finite, in other words, 7 ~ T @ B as left T-modules for some nonzero module B. A recent paper
by Lépez-Permouth and Pilewski showed that 7 does not have a basis consisting solely of invertible elements.
Moore, Lépez-Permouth, Pliewski, and Szabo called algebras which have a basis of units “invertible.” In this
talk, we will generalize this result by first outlining Jacobson’s embedding of 7 into the ring of row and column
finite matrices, then show that in general, an element a € A is strongly regular if and only if there exists a
unique idempotent element e such that a is invertible in the corner algebra eAe. Finally we will show that y € T
cannot be written as the span of strongly regular elements. This is joint work with Sergio R. Lépez-Permouth.
(Received September 18, 2018)

1145-16-2043 Ellen E Kirkman* (kirkmanQufu.edu), Box 7388 Wake Forest University, Winston-Salem,
NC 27109, and James J Zhang. The Jacobian, Reflection Arrangement, and
Discriminant for Reflection Hopf Algebras. Preliminary report.
Let k be an algebraically closed field of characteristic zero. When H is a semisimple Hopf algebra that acts inner
faithfully and homogenously on an Artin-Schelter algebra A so that A is also Artin-Schelter regular, we call H
a reflection Hopf algebra for A; when H = k[G] and A = k[z1,...,2n] then H is a reflection Hopf algebra for A
if and only if G is a reflection group. We show that there exist notions of the Jacobian, reflection arrangement,
and discriminant that extend the definitions used for reflection groups actions on polynomial algebras to this
noncommutative setting. (Received September 24, 2018)

1145-16-2448 Geoffrey Thayer Glover* (glovergt7775Quwec.edu), 5708 Curtis St, McFarland, WI
53558. Algebras associated with the Hasse graphs of polytopes. Preliminary report.

We can construct a graded algebra A(I") associated to a directed Hasse graph, I', of a regular polytope by taking

the quotient of the free algebra on the set of edges of the graph by the relations given by equating two directed

paths having the same initial and final vertices. The automorphism group of each graph is the symmetry group

of the associated polytope. For each unique symmetry, we consider the Hasse subgraph consisting of fixed k-faces

of the polytope under the action. From each Hasse subgraph, we determine the graded dimension of the related
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subalgebras of A(T") by counting the directed paths between each pair of levels in the graph. Polynomials with
the graded dimensions as the coefficients allow us to describe the complete algebraic structure of A(I") using
representation theory. Previous work has studied the finite Coxeter groups Ay, Brn, Dy, I2(p) and their related
polytopes. In my talk I will discuss the computer programs we wrote to find the fixed faces under each symmetry
and count the paths in each subgraph for the icosahedron (H3) and how they can be extended to be used on the
600-cell (Hy4) and the 24-cell (Fy). (Received September 25, 2018)

1145-16-2610 Gordon Brown, Nicholas Davidson* (ndavidson@math.ou.edu) and Jonathan
Kujawa. Quantum Webs of type Q. Preliminary report.

Originally introduced by Kuperberg, webs are combinatorially defined diagrams used to describe homomorphisms

between certain representations of quantum groups. I will discuss joint work with Jon Kujawa and Gordon

Brown which uses webs to give a combinatorial description of the homomorphisms between tensor products of

representations of the type Q quantum supergroup Ug(qn). (Received September 25, 2018)

1145-16-2764 Jory L Wagner (mathematics@uwec.edu), Hibbard Humanities Hall 508, 124 Garfield
Avenue, Eau Claire, WI 54701, and Tyler Jules Gonzales* (mathematicsQuwec.edu),
Hibbard Humanities Hall 508, 124 Garfield Avenue, Eau Claire, WI 54701. ”Z2-graded
Complex Associative Algebras: Background, Deformations, and Maple v.s. SageMath”
presented by Tyler Gonzales and Jory Wagner.
In this talk, we will share the research we have completed during the summer REU mathematics program. We
begin by sharing some definitions, and examples, of topics we have learned relating to the field of noncommutative
geometry and deformation theory. We will open this talk with a discussion on the concepts of algebras, graded
vector spaces, tensor products, and the tensor algebra. We will then move into the notion of deformation theory,
including an example of how to compute the bracket of what is called a versal deformation. We will conclude
this talk with a comparison of Maple and SageMath, and discuss why we hope to continue the translation of the
computer software from one to the next. (Received September 25, 2018)

1145-16-2765 Haotian Wu* (mathematics@uwec.edu), Hibbard Humanities Hall 508, 124 Garfield
Avenue, Eau Claire, WI 54701. The moduli space of non-nilpotent complezx 5-dimensional
associative algebras. Preliminary report.

We have been studying the moduli space of non-nilpotent complex associative five dimensional algebras. There

are 285 strata in the space including some strata which are parametrized by either P or the projective orbifold

P/>",. We discuss the deformation theory of these algebras. (Received September 25, 2018)

1145-16-2912 Miodrag C Iovanov* (miodrag-iovanov@uiowa.edu). On the bijectivity of the antipode
and serial quantum groups. Preliminary report.

We survey a few recent results and classifications which involve Hopf algebras which are co-serial (”serial quantum
groups”), and present some questions relating these to other problems. We investigate the bijectivity of the
antipode of a one sided co-serial infinite dimensional Hopf algebra, and the left-right symmetry of this notion.
We present some new ideas inspired by methods of representations of finite dimensional algebras as well as by
those of tensor categories, and which can be of interest in other situations where the bijectivity of the antipode
is an open question (such as Noetherian Hopf algebras). (Received September 25, 2018)

17 » Nonassociative rings and algebras

1145-17-437 Ryan Roger Moruzzi, Jr* (rmoru00i@ucr.edu). An isomorphism of modules of type Dy,.
Preliminary report.

In 2010, Hernandez and Leclerc identified a family of prime representations of the quantum affine algebra asso-

ciated to a lie algebra of type A, and D,,. In 2015, Brito, Chari, and Moura studied the classical limit of that

family of prime representations of type Ay, which can be viewed as representations of the current algebra, and

proved such representations specialize to stable prime Demazure modules.

Currently, I am working on proving similar results for the lie algebra of type D,. In this setting, the
prime representations specialize not to Demzaure modules as in the case of a lie algebra of type A,, but
V(€) modules defined by Chari and Venkatesh in 2013. In this talk, I will introduce an isomorphism between
representations of the current algebra of type Dy, specifically, an isomorphism of a V' (§) module and a generalized
Demazure module. I will also talk about current work and further exploration of such representations. (Received
September 25, 2018)
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1145-17-450 Tyler Kenefake* (tylerkenefake@my.unt.edu). Annihilators of Indecomposable Bounded
Modules of Vec(R).

We report on work in progress towards computing the annihilators of certain indecomposable bounded modules

of Vec(R), the Lie algebra of vector fields on the line. The annihilators of the tensor density modules Fy are

known. We describe the annihilator of the extension of F by Fi2 in the subalgebra of lowest weight vectors of

$(Vec(R)), the universal enveloping algebra of Vec(R), in the non-resonant case A # —%. (Received September

06, 2018)

1145-17-803 Prakash Ghimire* (pghimire@lsua.edu), 920 Twin Bridges Rd Apt 3, Alexandria, LA.

Lie Triple Derivations of the Lie Algebra of Dominant Block Upper Triangular Matrices.
Let N be the Lie algebra of all n X n dominant block upper triangular matrices over a field F. In this talk,
we explicitly describe all Lie triple derivations of N when char(F) # 2. As an application, we characterize Lie
derivations of N when char(F) # 2. (Received September 15, 2018)

1145-17-1249 Rustam Gaybullaev, Abror Khudoyberdiyev and Kyla Pohl* (pohli@stolaf.edu).
Classification of Solvable Leibniz Algebras with Abelian Nilradical and k — 1 Dimensional
Extension.

This talk is devoted to the classification of solvable Leibniz algebras with an abelian nilradical. We consider a
k —1 dimensional extension of k dimensional abelian algebras and classify all 2k — 1 dimensional solvable Leibniz
algebras with an abelian nilradical of dimension k. (Received September 20, 2018)

1145-17-1838 Jude L Quintero* (jlquintero@randolphcollege.edu) and Michael Penn
(mpenn@randolphcollege.edu). Finite Group Orbifolds of the Rank 2 Heisenberg Vertex
Algebra.

Finding invariant subalgebras known as orbifolds is an important technique for constructing new vertex operator

algebras. We apply classical invariant theory, similar to the approach of A. Linshaw, to the Rank 2 Heisenberg

Vertex Algebra, H(2). Using the facts that the full automorphism group of #(2) is the orthogonal group O(2),

and all finite subgroups of O(2) are cyclic or dihedral, we classify all finite group orbifolds of H(2). (Received

September 24, 2018)

1145-17-1962 Elyse Suzanne Rogers* (esrogers@ncsu.edu), Department of Mathematics, 2108 SAS
Hall, Box 8205, NC State University, Raleigh, NC 27695. The Leibniz Multiplier of Lie and
Leibniz Algebras.
The Schur multiplier is a topic of great interest and has been investigated in both group theory and Lie algberas.
In this talk, I wish to explain how this theory can be applied to Leibniz algebras. Leibniz algebras are a
non-commutative generalization of Lie algebras. If L is a finite dimensional Leibniz algebra over a field F with
char(F) # 2 then a pair of algebras (K, M) is called a defining pair for L if L &2 K/M and if M C Z(K) N [K, K].
If K is of maximal dimension then it is called the cover of L and the corresponding maximum dimensional M
is called the multiplier for L. We will discuss the differences in structure and dimension of the Lie and Leibniz
multipliers of algebras in the lower central series. Furthermore, we can discuss the structure of the Leibniz
multiplier of the Heisenberg Lie and Leibniz algebras of dimension 2n + 1. (Received September 24, 2018)

1145-17-2028 Olga Kharlampovich*, okharlampovich@gmail.com. Diophantine problem in free Lie
algebras.
Using the undecidability of the Diophantine problem in integers we show that the Diophantine problem in a free
Lie algebra L of rank > 2 over a field or an integral domain is undecidable.
First-order theory of a free Lie algebra over a field of characteristic 0 (even without coefficients) is undecidable.
This answers questions by Baudisch (86) and by Bokut’ and Kukin (94) (also attributed to Malcev). These
are joint results with A. Miasnikov. (Received September 24, 2018)

1145-17-2139 Guy R Biyogmam* (guy.biyogmam@gcsu.edu), 231 W. Hancock St, Arts & Sciences
Room 1-29 — Campus Box 17, Milledgeville, GA 31061. The c-nilpotent Schur
Lie-multiplier of Leibniz algebras.

In this talk, we will present the notion of c-nilpotent Schur Lie-multiplier of Leibniz algebras. We will examine

a few tools useful in characterizing Lie-nilpotency and c-Lie-stem covers of Leibniz algebras. We will discuss

the existence of c-Lie-stem covers for finite dimensional Leibniz algebras and the non existence of c-covering on

certain Lie-nilpotent Leibniz algebras with non trivial c-nilpotent Schur Lie-multiplier. (Received September

24, 2018)
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1145-17-2460 Suzanne Elise Crifo* (secrifo@ncsu.edu). Some Mazimal Dominant Weights and their

Multiplicities for Affine Lie Algebra Representations. Preliminary report.
Affine Lie algebras are infinite dimensional analogs of finite dimensional simple Lie algebras. It is known there
are finitely many maximal dominant weights for any integrable highest weight representation of an affine Lie
algebra. However, determining these maximal dominant weights is a nontrivial task. So far only the descriptions
of these weights are known for affine Lie algebra Aﬁf). In this talk we will discuss the maximal dominant weights
of the integrable highest weight representation of any affine Lie algebra with highest weight kAg and give some
examples of their multiplicities. (Received September 25, 2018)

1145-17-2516 Yevgenia Kashina*, Department of Mathematical Sciences, DePaul University, Chicago,
IL 60614. On classification of semisimple Hopf algebras of dimension 2™.

In this talk we will discuss a family of semisimple Hopf algebras of dimension 2™ with a large abelian group

of grouplike elements. All Hopf algebras in this family can be obtained as abelian extensions. We will classify

these extensions up to equivalence and discuss which of them could be distinguished by categorical invariants.

(Received September 25, 2018)

1145-17-2518 Antun Milas, Michael Penn* (mpenn@randolphcollege.edu) and Joshua Wauchope.
Permutation Orbifolds of Fermion Vertex Superalgebras.

Invariant subalgebras of free fields vertex algebras and superalgebras are rich sources of interesting simple vertex
algebras. There is already a substantial body of work on this subject, especially from the perspective of W-
algebras. These approaches are primarily based on classical invariant theory. When it comes to permutation
orbifolds (fixed under the full symmetric group Sy ) very little is known except for n = 2, except for recent work
of the first two authors describing the rank 3 Heisenberg permutation orbifold. We extend this work and describe
the structure of the permutation orbifold of the rank three free fermion vertex superalgebra (of central charge
%) and of the symplectic fermion vertex superalgebra (of central charge —6). In the case of the free fermion
algebra, we prove an isomorphism between the orbifold and a subalgebra of a lattice vertex algebra. (Received
September 25, 2018)

1145-17-2559 Chad R Mangum* (cmangum@niagara.edu). Twisted Toroidal Lie Algebras: Present and
Future.

The theory of Lie algebras, and specifically Lie algebra representation theory, has been significant in various areas
of mathematics and physics for several decades. One important class of Lie algebras with many interesting open
questions is that of twisted toroidal Lie algebras, which we view as universal central extensions of twisted multi-
loop algebras. In this talk, we will discuss some recent advances in regards to presentations and representations
of these algebras, followed by thoughts about potential future directions in this field which are of particular
interest. (Received September 25, 2018)

18 » Category theory; homological algebra

1145-18-1118 Pinhas Grossman, Scott Morrison, David Penneys, Emily Peters and Noah
Snyder* (nsnyder@gmail.com). Morita equivalence classes of small index subfactors.
Most known fusion categories can be constructed from quantum groups and finite groups. The main exceptional
examples come from the classification of small index subfactors: the Haagerup, Asaeda-Haagerup, and Extended
Haagerup fusion categories. Izumi later put the Haagerup examples into a larger framework of Izumi quadratic
categories, and we’d like to understand if there’s anything that doesn’t come from groups, quantum groups or
Izumi categories. It is natural to ask what other fusion categories are Morita equivalent to the exceptionals: on
the one hand we may find something new which is easier to understand showing that the original fusion category
is less exceptional than we thought, and on the other hand we might find additional exceptional examples. In
joint work with Grossman and Grossman-Izumi we found all categories Morita equivalent to Asaeda-Haagerup
and found that some of them are Izumi categories. In joint work with Grossman, Morrison, Penneys, Peters, we
also answered this question for Extended Haagerup finding two new exceptionals. In order to construct these
two new examples we use a new technique of “Graph planar algebra embeddings for module categories” which
Dave Penneys will talk about in his talk. (Received September 19, 2018)
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1145-18-1219 David Penneys*, 100 Math Tower, 231 West 18th Ave., Columbus, OH 43210-1174. The
module embedding theorem.

By Cayley’s theorem, a G-module X for a group G is equivalent to a homomorphism from G into the set of
bijections of X. The tensor category analog is that a C-module structure on a category M is equivalent to a
tensor functor from C into End(M), the endofunctors of M. We will explain the pivotal, unitary, and unitary
pivotal analogs of this fact, as well as a generalization to multitensor categories. We will then explain that one
such analog is the module embedding theorem for finite depth subfactor planar algebras, which was recently
used to construct the Extended Haagerup fusion categories. (Received September 20, 2018)

1145-18-1349 Alex Levin and Dmitri Nikshych* (dmitri.nikshych@unh.edu), Department of
Mathematics and Statistics, Kingsbury Hall, 33 Academic Way, Durham, NH 03861. On
the subcategory lattices of fusion categories. Preliminary report.

Given a fusion category C we describe the lattices of fusion subcategories of its equivariantizations and graded

extensions by finite groups in terms of subcategories of C and certain group-theoretical data. Combining these

we determine the subcategory lattice of a braided fusion category obtained by gauging. As an example, we
describe this lattice of an arbitrary weakly group-theoretical braided fusion category in terms of its core. This
extends the previously known results about the subcategory lattice of the representation category of a twisted

group double. (Received September 21, 2018)

1145-18-1376 Michael Robinson* (michaelr@american.edu), 4400 Massachusetts Ave NW,
Washington, DC 20016. Analyzing data with the consistency filtration of a sheaf
assignment.

Suppose that there are a number of events that have occurred, and that we have observed a subset of these

events. Some of these events are related by causality, which is to say that the occurrence of some events ensures

that certain others will also occur. Conversely, there may be events that could have happened, but didn’t. One
rarely has a complete understanding of causality among events, so the model of which events cause other events
may be wrong and our observations may be faulty.

Sheaves can represent both data and modeling assumptions about causality, yet can avoid prioritizing one
over the other. By incorporating geometry into ”attributes” attached to events from the start, the global ”fit”
between local data and models can be quantified. This supports robust inferences about missing or inaccurate
data.

This talk will formalize and unify these ideas using the consistency filtration associated to a sheaf of pseu-
dometric spaces and an assignment of data. As a filtration, it has persistence properties — both functorial and
geometric — and generalizes persistent cohomology. This generalization is strict, which leads to new, interesting,
and robust tools for data analysis. (Received September 21, 2018)

1145-18-1403 Jared Culbertson*, jared.culbertson@us.af.mil, and Paul Gustafson, Daniel E
Koditschek and Peter F Stiller. Semantics of Dynamical Systems.

We will present ongoing work in providing a formal semantics for the composition of dynamical systems that
model robotic behaviors. Using the well-known Curry—Howard—Lambek correspondence and more recent exten-
sions (which show how to formalize computational semantics using categorical structures) as a guide, we will
discuss our progress in abstracting certain kinds of dynamics for gaits in robotic legged platforms as well as dy-
namics in multi-agent systems. Mathematically, this requires understanding how aspects of these systems such
as trapping regions or attracting and repelling sets relate to formalizations of sequential composition, coupled
systems and equivalences. (Received September 21, 2018)

1145-18-1647 Marcel Bischoff* (bischoff@ohio.edu), Corey Jones (jones.6457Qosu.edu),
Yuan-Ming Lu (1u.14350@0su.edu) and David Penneys (penneys.2@osu.edu).
Symmetry breaking from anyon condensation. Preliminary report.
The topological order of a topological phase of matter can be described by a unitary modular tensor category C
where objects correspond to anyons. If an anyon A in C has the structure of a connected étale algebra it can be
condensed and one obtains a new topological phase with topological order D which is described by the category
of local A-modules in C. We give a mathematical description of symmetry preservation and breaking in this
context by discussing the following question. Under which conditions can a symmetry of C described by a finite
group G be promoted to a symmetry of D? (Received September 23, 2018)
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1145-18-1652 Kenichi Shimizu*, 307 Fukasaku, Minuma-ku, Saitama-shi, Saitama 337-8570, Japan. A
description of the relative Serre functor for comodule algebras.

Let C be a finite tensor category, and let M be an exact left C-module category. The relative Serre functor of

M, introduced by Fuchs, Schaumann and Schweigert, is an endofunctor S on M such that there is a natural

isomorphism Hom(M, N)* = Hom(N, S(M)) for M, N € M, where Hom is the internal Hom functor. In this

talk, I discuss the case where C = H-mod and M = L-mod for a finite-dimensional Hopf algebra H and a

finite-dimensional exact left H-comodule algebra L. Such an algebra L is shown to be Frobenius by an argument
using the Frobenius-Perron dimension. I give an explicit description of the relative Serre functor of L-mod and
its twisted module structure S(X ® M) = X** ® S(M) (X € H-mod, M € L-mod) in terms of integrals of H
and the Frobenius structure of L. (Received September 23, 2018)

1145-18-1785 Robert Laugwitz* (robert.laugwitz@rutgers.edu) and You Qi. Categorification of
Cyclotomic Integers.

A basic ingredient in the approach to categorification of small quantum groups proposed by M. Khovanov is
to use p-complexes to categorify the cyclotomic integers at a prime root of unity. Based on this approach, sl
quantum groups were categorified for prime roots of unity by Khovanov-Qi and Elias—Qi.

In this talk, the construction of a triangulated tensor category categorifying cyclotomic integers, which does
not require the restriction on the order of the root of unity to be prime, is discussed. (Received September 24,
2018)

1145-18-1791 Corey Jones* (cormjones88@gmail.com). Permutation gauging of modular categories.

Gauging a global symmetry group G of a field theory is the process of constructing a new theory where G acts
by local symmetries. When the selection sectors of your theory are described by a modular tensor category ( e.g.
rational 2D conformal field theory or 2D topological phases of matter), gauging can be described categorically.
However, gauging is very difficult from a mathematical perspective and is not always possible. There are difficult-
to-compute cohomological obstructions to performing the gauging construction. In this talk, we will explain joint
work with Terry Gannon which uses the stability properties of symmetric group cohomology to show that gauging

C&n

the standard action of Sy, on is always possible for any modular category C. (Received September 24, 2018)

1145-18-1793 Robert Laugwitz* (robert.laugwitz@rutgers.edu) and Johannes Flake. An
Interpolation Approach to Untwisted Dijkgraaf-Witten Invariants. Preliminary report.

P. Deligne introduced a remarkable tensor category interpolating the representation theory of symmetric groups,

allowing for the natural number of permuted letters to be replaced by any complex number. This talk explains

an approach to extending this idea to crossed modules over symmetric groups. As an application, interpolations

of untwisted Dijkgraaf-Witten invariants of ribbon link are obtained. (Received September 24, 2018)

1145-18-1944 Daniel Michael Cicala* (cicala.daniel@gmail.com), 400 S Main St, Unit 306, Los
Angeles, CA 90013. Syntaz and inductive rewriting for open networks.

Networks exist across disciplines and so have developed idiosyncrasies local to the various fields in which it
is used. A recent research program aims to use category theory to abstract away idiosyncrasies, centralize
compositionality, and develop a common language. In this talk, we introduce a syntax for open networks we call
structured cospans. Starting with a functor L: A — X from a category A of “interface types” to a category
X of “networks”, a structured cospan is a pair of morphisms of type La — x < Lb in X. Here z represents
a network and La, Lb give x inputs and outputs, respectively. Using pushouts, we can connect two structured
cospans when the input of one coincides with the outputs of the other. This models connecting compatible
open networks to form a larger open network. Making several mild assumptions about L, A, X, we show that
structured cospans admit a rewriting theory generalized from the double pushout style popular in graph theory.
The main result is a categorical semantics that characterizes the rewriting of a network inductively, that is by
rewriting sub-networks and connecting them together. (Received September 24, 2018)

1145-18-2027 Cain Edie-Michell, Corey Jones and Julia Plavnik* (juliaplavnik@gmail.com).
Fusion rules for /27 permutation gauging.

Given a unitary modular category with a symmetry by a group G, we can construct (when certain obstructions
vanish) a new unitary modular category via the gauging procedure. One interesting example is given by the
tensor square of a modular tensor category C with the Zz action induced by swapping the factors. During this
talk, we will explain how to find the fusion rules for both the extension and the subsequent equivariantization
(i.e the gauging) in terms of the fusion rules and modular data of the original modular category C. (Received
September 24, 2018)
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1145-18-2038 Qing Zhang* (zhangqing@math.tamu.edu). Classification of super-modular categories by
rank.

A super-modular category is a unitary pre-modular category with Miiger center equivalent to the symmetric
monoidal category of super-vector spaces. Super-modular categories are important for a variety of reasons. For
example, any unitary pre-modular category is the equivariantization of a modular or super-modular category.
Physically, super-modular categories are related to the study of fermionic topological phases of matter. In this
talk, we will discuss the classification of super-modular categories of rank 8. This is joint work with P. Bruillard,
J. Plavnik and E. Rowell. (Received September 24, 2018)

1145-18-2208 Siu-Hung Ng* (rng@math.lsu.edu). On Higer Gauss Sums of Modular Categories.
Modular tensor categories are categorical generalizations of finite abelian groups with nondegenerate quadratic
forms. The notion of Gauss sum can be defined analogously for any modular tensor category. In this talk, we will
discuss some interesting arithmetic properties of the higher Gauss sums, and their relations with the Frobenius-
Schur indicators. This is a joint work with Andrew Schopieray and Yilong Wang. (Received September 25,
2018)

1145-18-2213 Yilong Wang* (yilongwang@lsu.edu). Higher central charge and higher Gauss sum of
premodular categories.

The Gauss sum and the central charge of premodular categories are important categorical invariants. When
the category is modular, these invariants provide important information of the associated Reshetikhin-Turaev
TQFTs. We generalize the notions of central charge and Gauss sum, and derive interesting arithmetic properties
of them under the action of the absolute Galois group. We will also discuss how these invariants change under
de-equivariantization and the local module construction. This is a joint work with Siu-Hung Ng and Andrew
Schopieray. (Received September 25, 2018)

1145-18-2289 César Galindo and Yiby Morales*, yk.morales964@uniandes.edu.co. Kac cohomology
as relative group cohomology. Preliminary report.

Let F and G be finite groups. The group Opext(kF, kG) of equivalence classes of abelian extensions of the Hopf

algebra kF by the Hopf algebra kG can be described using the cohomology of a double complex, which is known

as Kac cohomology. We use relative group cohomology to describe this group and the five-term exact sequence

associated to Kac’s double complex, which we use for some computations of groups of abelian extensions of finite

dimensional Hopf algebras. This is joint work with César Galindo. (Received September 25, 2018)

1145-18-2409 Alexei Davydov* (davydov@ohio.edu), Department of Mathematics, Ohio University,
Athens, OH 45701. Braided module categories. Preliminary report.

The notion of a braided module category over a braided monoidal category comes naturally from the study of

extensions of braided categories. The 2-category of braided module categories comes equipped with interesting

structures. This is a report on the joint work with D. Nikshych. (Received September 25, 2018)

1145-18-2425 Costel G Bontea* (cgbontea@colby.edu) and Dmitri Nikshych. Classifying pointed
braided finite tensor categories.

One of the earliest classification results in the theory of tensor categories was given by A. Joyal and R. Street

who showed that the category of pointed braided fusion categories is equivalent to the category of pre-metric

groups. In this talk I will present a weak generalization of this result which says that the core of the category of

pointed braided finite tensor categories admitting a fiber functor is equivalent to a category of metric quadruples.

This is based on joint work with Dmitri Nikshych. (Received September 25, 2018)

1145-18-2754 Alex A Chandler* (achandl@ncsu.edu), 2311 Stinson Dr., Raleigh, NC 27607. Thin
Posets and Homology Theories. Preliminary report.

Inspired by Bar-Natan’s description of Khovanov homology, we discuss thin posets and their capacity to support
homology and cohomology theories which categorify rank-statistic generating functions. Additionally, we present
two main applications. The first, a categorification of certain generalized Vandermonde determinants gotten from
the Bruhat order on the symmetric group by applying a special TQFT to diagrams of torus links. The second is
a broken circuit model for chromatic homology, categorifying Whitney’s broken circuit theorem for the chromatic
polynomial of graphs. (Received September 25, 2018)
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1145-18-2763 Marcel Bischoff and Henry Tucker* (hjtucker@ucsd.edu). Modular data for Drinfel’d
centers of near-group fusion categories obtained via the modular graft construction.
Preliminary report.
The Drinfel’d centers of fusion categories are an important source of modular tensor categories. The classification
program for quadratic fusion categories initiated by Izumi has produced many such examples. In particular,
Evans and Gannon have shown that the modular data for the centers of near-group quadratic categories (i.e.,
those with one non-invertible object whose tensor square includes all of the invertibles as subobjects) are given
by quadratic forms on finite groups in a way similar to the classical Weil representation for SL2(Z). We make
this statement precise by realizing the modular data in terms of a grafting or “smashed sum” of modular data.
This follows the earlier work of Evans and Gannon on the modular data for the center of the Haagerup category.
(Received September 25, 2018)

1145-18-2808 Alex A Chandler* (achandl@ncsu.edu), Adam Lowrance, Radmila Sazdanovic and
Victor Summers. Torsion in Khovanov Homology of 3-Braids. Preliminary report.

We give a partial answer to the conjecture of Przytycki and Sazdanovic that 3-braids have only 2-torsion in

Khovanov homology. In particular, we present an infinite family of 3-braids, strictly containing the 3-strand

torus links, which have only 2-torsion. Furthermore, we give explicit computations of the integral Khovanov

homology of all links in this family. (Received September 25, 2018)

20 » Group theory and generalizations

1145-20-93 John Hutchens* (hutchensjd@wssu.edu) and Nathaniel Schwartz. Involutions of
groups of type Ga over fields.

We define a generalized symmetric space to be the quotient G/H where G is an algebraic group and H is the

fixed point group of an involution of G. Let C be an octonion algebra over a field k, then Aut(C) is a group

of type Gz over k. We determine the Aut(C)-conjugacy classes of the k-involutions and their respective fixed

point groups. It is shown that the classification of conjugacy classes of involutions of Aut(C) correspond to

isomorphism classes of quaternion algebras for almost every field. (Received July 27, 2018)

1145-20-265 Sarah Croome* (scroome@math.kent.edu) and Mark L. Lewis. Character codegrees of
p-groups. Preliminary report.

Let G be a p-group and let x be an irreducible character of G. The codegree of x is given by |G : ker(x)|/x(1). The
set of codegrees of the irreducible characters of G is denoted cod(G). If |cod(G)| = 4, then G has nilpotence class
at most 4 whenever G either has coclass at most 3, largest character degree p?, or IG: G| = p2. Similar conditions
exist which guarantee the existence of p? as a codegree of G. If |G| = p™t! then cod(G) contains all powers of
p up to p” if and only if G satisfies one of three cases, including the case when G has maximal class and two
character degrees. If G has maximal class and |G| is large enough, then p3 and p* are in cod(G). The codegrees
of maximal class p-groups which are also metabelian or normally monomial are always consecutive powers of p.
The question arises whether all maximal class p-groups have consecutive p-power codegrees. (Received August
27, 2018)

1145-20-296 Joseph Kirtland* (joe.kirtland@marist.edu), Department of Mathematics, Marist
College, 3399 North Road, Poughkeepsie, NY 12601. The Schur-Zassenhaus Theorem: Its
Origin, Development, and Extension.

The Schur-Zassenhaus Theorem states that if N is a normal subgroup of a finite group G such that ([G :

NJ,|N|) = 1, then G splits over N and all of its complements are conjugate in G. This talk will present the

origin and development of this result and discuss some of its extensions. (Received August 29, 2018)

1145-20-424 Hossein Shahrtash* (h.shahrtash@ufl.edu), 358 Little Hall, 1400 Stadium Road,
Gainesville, FL 32611. Rational Class Sizes and Their Implications About The Structure of
Finite Groups.

This talks considers the problem of the implications of rational class sizes for the structure of finite groups. Ever

since It"o introduced the notion of a conjugate type vector in 1953, the problem of unraveling the connections

between the set of conjugacy class sizes and the structure of a finite group has been widely studied. There are

interesting instances of recognizing structural properties of a finite group, including solvability, nilpotency, etc.

based on the set of conjugacy class sizes.
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In this presentation, we will consider a similar problem concerning the set $cs_{rat}(G)$ of the sizes of rational
classes of a finite group $G$, and will discuss the influence of rational class sizes on the structure of finite groups.
(Received September 05, 2018)

1145-20-432 Mark L. Lewis* (lewis@math.kent.edu), 1300 Lefton Esplanade, Kent, OH 44242.
Maximal abelian subgroups of semi-extraspecial groups and partitions by centers of
centralizers.

A p-group G is semi-extraspecial if G is a nonabelian p-group for some prime p and G/N is extraspecial for every

subgroup N that is maximal in Z(G). Verardi found an upper bound for the order of a maximal abelian subgroup

of a semi-extraspecial group. We found a lower bound for the order of a maximal abelian subgroup of a semi-
extraspecial group. We will show that semi-extraspecial groups are partitioned by the centers of the centralizers
of noncentral elements. Verardi has shown that there is an upper bound on the order of these centralizers in
semi-extraspecial groups. We will show that Verardi’s bound can be improved in several cases. Finally, we will
consider other groups that are partitioned by the centers of the centralizers of noncentral elements. (Received
September 06, 2018)

1145-20-434 William Cocke*, cocke@math.wisc.edu, and Meng-Che Ho. A Characterization of
Finite Nilpotent Groups Using Word Maps.

Many classes of groups are characterized by some class of words. Recently, there has been significant interest
in the probability distributions induced by word maps over a group. For example, the recently proven Ore
Conjecture stated that the commutator word map was surjective on all finite simple groups. In this talk, we will
show that a finite group is nilpotent if and only if every surjective word map is uniform. In doing so, we will
show how to construct for any non-nilpotent finite group G a word w that is surjective but not uniform on G.
(Received September 06, 2018)

1145-20-435 William Cocke*, cocke@math.wisc.edu, and Steve Goldstein and Michael Stemper.
A Database of Finite Groups with the Same Character Tables.

The character table of a finite group captures many of the group theoretic properties of the group. For example,
from the character table of a group G, one can tell if G is abelian, nilpotent, solvable, or simple. To help identify
which properties of a group are captured by the character table we have built a database for all groups in the
SmallGroups Database that identifies which groups share a character table. In general, their is no canonical
ordering of the rows and columns of a character table and any rearrangement of the rows and columns produces an
equivalent table. Our computations utilized HTCondor to determine which of the over 430,000,000 groups share
a character table. The techniques could be apply to identify any discrete structure with a large automorphism
group. (Received September 06, 2018)

1145-20-468 M R Darafsheh* (darafsheh@ut.ac.ir), School of Mathematics, University of Tehran,

14174 Tehran, Iran. One rational irreducible characters of finite groups. Preliminary report.
Let x be a complex irreducible character of a group G. The field generated by all x(z), z > G, is denoted by
Q(x). The character x is rational if Q(x) = Q. A group G is called a rational group or a Q-group if all irreducible
complex characters of G are rational. The order and structure of Q-groups are restricted, for example by a result
of Feit and Seitz the simple Q-groups are among the Wyle groups of the simple Lie algebras and their extensions,
while by a result of Gow the order of a solvable Q-group is divisible by numbers 2, 3, or 5. Despite these facts
the complete structure of a Q-group of order a power of 2 is not completely known. In this talk we survey recent
results on classifying Q-groups. (Received September 06, 2018)

1145-20-503 Shuang Ming* (sming@math.ucdavis.edu) and Greg Kuperberg. On TQFT
representations of mapping class groups with boundary.

(2+1)-dimensional TQFT provide interesting examples of representations of mapping class groups. In this

talk, I will discuss the images of the representations. In the joint work with Greg Kuperberg, we proved the

representations is always irreducible at odd prime level. When A is a generic complex number, we prove the

image is Zariski dense when genus g = 0. (Received September 07, 2018)

1145-20-545 Alexander Heaton* (aheaton@uwm.edu), 2865 N Weil St, Milwaukee, WI 53212. Graded
multiplicity in harmonic polynomials from the Vinberg setting.

We describe the graded multiplicity of irreducible representations by counting integral points on faces of a

polyhedron. This description applies to a family of examples from the following context (first considered by

Vinberg): Let G be a connected reductive algebraic group over the complex numbers. A subgroup, K, of fixed

points of a finite-order automorphism acts on the Lie algebra of G. Each eigenspace of the automorphism is
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a representation of K. The harmonic polynomials on an eigenspace are graded by homogeneous degree, giving
us a graded representation of K. Given any irreducible representation of K, we will see how its multiplicity
in the harmonic polynomials is distributed among the various graded components. The results are described
geometrically by counting integral points on faces of a polyhedron. The multiplicity in each graded component
is given by intersecting these faces with an expanding sequence of shells. (Received September 09, 2018)

1145-20-708 Nate Iverson* (niverson@sienaheights.edu). The number of nontrivial orbits under the
composition operation for bounded juggling patterns.

In the 1994 paper Juggling Drops and Descents, Buhler, Eisenbud, Graham and Wright define a juggling pattern

to be a permutation of the integers f such that f(¢) > t. These patterns mathematically describe the site-swap

notation that was in use by jugglers prior to the papers publication. The authors go on to count the number of

n-periodic b-ball juggling patterns.

In this talk we will examine the more algebraic properties of the semigroup of juggling patterns under the
composition operation. In particular we will retrace the previous authors’ result that the number of non-trivial
orbits (or balls) of a bounded juggling pattern is the average of the heights and sketch a proof that the number of
balls is a congruence with respect to the composition operation within the bounded juggling patterns. (Received
September 13, 2018)

1145-20-711 Alimjon Eshmatov* (alimjon.eshmatov@utoledo.edu), Department of Mathematics and
Statistics, University of Toledo, Toledo, OH 43606, and Yuri Berest and Farkhod
Eshmatov. Dizmier groups.

We describe the structure of the automorphism groups of algebras Morita equivalent to the first Weyl algebra.

In particular, we give a geometric presentation for these groups in terms of amalgamated products, using the

Bass-Serre theory of groups acting on graphs. A key role in our approach is played by a transitive action

of the automorphism group of the free algebra on two generators on the Calogero-Moser varieties. (Received

September 13, 2018)

1145-20-750 Javad Namazi, 285 Madison Avenue, Madison, NJ 07940, Ali Moghani*
(amoghani@cnr.edu), The College of New Rochelle, 29 Castel Place, New Rochelle, NY
10805, and John Najarian. Computational algebraic geometry theory for chemical
structures. Preliminary report.

We state a theorem for the relation between the Q-conjugacy characters, their degree and reduction by the

Hermitian symmetric sequlinear form for an arbitrary finite group. The results are then checked on the symmetry

of the molecule Trimethylamin-BH3 (BH3 free of rotation). (Received September 13, 2018)

1145-20-798 Jordan Bounds*, boundsj@bgsu.edu, and Xiangdong Xie. On the quasi-isometric
rigidity of a class of right-angled Coxeter groups.

Given a finite simplicial graph I" with vertex set V(I') and edge set E(I"), there is an associated right-angled

Coxeter group (RACG) Wr given by the presentation

Wr = (v € V(D)|v2 =1 for all v € V(T');v1v2 = vov1 if and only if (v1,ve) € E(T)).

While recent results have furthered the understanding of the large scale geometry of RACGs, the quasi-isometric
classification of these groups is still wide open. In this talk we establish quasi-isometric rigidity for the class of
RACGs with defining graphs joins of finite generalized thick m-gons where m > 3. In particular, we show that
the corresponding right-angled Coxeter groups for this particular class are quasi-isometric if and only if their
defining are isomorphic. (Received September 14, 2018)

1145-20-809 Funda Gultepe*, funda.gultepe@Qutoledo.edu, toledo, OH 42606. Generating fully
irreducible outer automorphisms of the free group.

Fully irreducible outer automorphisms of the free group on n-letters are characterized by the property that no
power of them fixes a conjugacy class of a free factor. These outer automorphisms exhibit many similarities
to the pseudo Anosov surface homeomorphisms, as such we follow some methods from theory of mapping class
group to determine ways to construct fully irreducible outer automorphisms. To this end, we refer to the double
handlebody n—connected sum of S2 x S which provides a simplicial complex on which the outer automorphism
group of the free group acts. We thus use 3— dimensional topological methods to construct outer automorphisms
via their action on such a simplicial complex. (Received September 15, 2018)
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1145-20-849 Luise-Charlotte Kappe* (menger@math.binghamton.edu) and Elizabeth Wilcox. A
generalization of the Chermak-Delgado lattice to words in two variables.

The Chermak-Delgado measure of a subgroup H of a finite group G is defined as the product of the order of H with
the order of the centralizer of H in G, |H||Cg(H)|, and the set of all subgroups with maximal Chermak-Delgado
measure forms a dual sublattice of the subgroup lattice of G. In this talk we step back from centralizers and
consider four types of centralizer-like subgroups, defined using general words in the alphabet {z,y,z~ 1,y 1}
instead of the specific commutator word. We show that this generalization results in four sublattices of the
subgroup lattice of a finite group, some of which may be equal to one another depending on the word. We
consider which properties of the Chermak-Delgado lattice generalize to the new lattices, and which properties
are specialized in the Chermak-Delgado lattice. (Received September 16, 2018)

1145-20-886 Clément Jacques Etienne Guérin* (clement.guerin@uni.lu), Mathematics Research
Unit, Maison du nombre, 6 avenue de la Fonte, 2449 Esch-Sur-Alzette, Luxembourg. Bad
subgroups in complex reductive groups.

Schur’s lemma states that the centralizers of irreducible linear subgroups (or linear representations) is the group

of invertible scalar matrices. Depending on the way we extend the notion of irreducibility in complex reductive

groups, Schur’s lemma may or may not be true anymore. Conjugacy classes of irreducible representations com-
muting with non-central elements generally appear to be singular points of character varieties. After discussing
the different notions of irreducibility in complex reductive groups, we shall see how to construct counter-examples
to Schur’s lemma in complex reductive groups. We will end up by explaining some consequences for the study
of the bad locus in character varieties. (Received September 17, 2018)

1145-20-934 Lisa A DeMeyer* (demeylla@cmich.edu), Department of Mathematics, Pearce Hall 216,
Mount Pleasant, MI 48859. Clique Homology and the Zero-Divisor graph problem.

The zero-divisor graph associated to a commutative ring R is the graph whose vertices are labeled by the nonzero
zero divisors of R and where two distinct vertices x and y are adjacent in case xy = 0 in R. This graph has been
studied extensively since it was first introduced by Beck in 1988. The study of the zero-divisor graph has been
extended to other contexts, including commutative semigroups, the set of ideals of a ring, semilattices, lattices,
posets, Boolean monoids, and groupoids. A simplicial complex using cliques was introduced by F. DeMeyer and
L. DeMeyer in 2005 for the zero-divisor graph of a commutative semigroup , and which can be used to study the
zero divisor graph in each of the contexts above. In this talk, we will discuss the use of clique homology to study
the zero-divisor graph, including applications to the zero divisor graph of a semigroup and to the zero divisor
graph of a ring. (Received September 17, 2018)

1145-20-1005 Nham Vo Ngo* (nvngoQung.edu), Department of Mathematics, University of North
Georgia - Gainesville, Oakwood, GA 30566. Zariski Topology of Group Cohomology Rings.
In this talk, we give a brief survey of the group cohomology theory and its interaction with Zariski topology of
commutative rings. In particular, let G be a group defined over a field of prime characteristic p. The direct
sum of all the even degree cohomology spaces EB HQ"(G, k) has a commutative ring structure under the cup
n>0
product. We investigate the Zariski topology of the maximal spectrum of this ring for various types of the group

G.  (Received September 18, 2018)

1145-20-1008 Jonathan Scott Brown*, 260 Fitzelle Hall, SUNY Oneonta, Oneonta, NY 13820. Finite
W -algebra invariants. Preliminary report.

Finite W-algebras are intimately related to the geometry of nilpotent orbits and the infinite dimensional rep-
resentation theory of Lie algebras. They are defined in terms of a nilpotent orbit, and they are an invariant
subalgebra of a left ideal in universal enveloping algebra of a reductive Lie algebra. Outside of type A there is no
known formula for calculating generators of these algebras (apart from specific examples). Recent work by Kac,
De Sole, and Valeri has produced a formula which produces generators of an important subalgebra of a finite
W-algebra, and in this work we extend their results. This results in a formula for generators of more classes of
finite W-algebras. (Received September 18, 2018)

1145-20-1119 Hung P Tong-Viet* (tongviet@math.binghamton.edu), Department of Mathematical
Sciences, Binghamton University, Binghamton, NY 13902. Brauer characters and normal
Sylow p-subgroups.

The celebrated It6-Michler theorem for Brauer characters states that if a prime p does not divide the degrees

of any irreducible p-Brauer characters of a finite group G, then G has a normal Sylow p-subgroup. In this talk,
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I will discuss several generalizations of this theorem using various inequalities involving p-parts and p’-parts of
the p-Brauer character degrees. (Received September 19, 2018)

1145-20-1501 Amrita Acharyya*, amrita.acharyya@utoledo.edu, and Jon M Corson and Bikash C
Das. Cofinite groupoids and their profinite completions.

Cofinite graphs and groupoids are defined in a unified way extending the notion of cofinite group introduced by
Hartley. These objects have in common an underlying structure of a directed graph endowed with a certain type
of uniform structure, called a cofinite uniformity. Much of the theory of cofinite directed graphs turns out to be
completely analogous to that of cofinite groups. For instance, the completion of a directed graph I' with respect
to a cofinite uniformity is a profinite directed graph and the cofinite structures on I' determine and distinguish
all the profinite directed graphs that contain I" as a dense sub-directed graph. The completion of the underlying
directed graph of a cofinite graph or cofinite groupoid is observed to often admit a natural structure of a profinite
graph or profinite groupoid, respectively. (Received September 22, 2018)

1145-20-1811 Jonathan I Hall* (jhall@math.msu.edu), Department of Mathematics, Michigan State
University, 619 Red Cedar Road, East Lansing, MI 48840. Configurations, groups, and
algebras.

Dating back at least to Hilbert (1900) the closure of certain geometric configurations has been linked to the

existence of certain automorphisms and thereby to the classification of related algebras. The canonical example

is due to Veblen and Young (1916) and relates Desargues configurations in projective space with the existence
of central collineations and then to coordinatization by division rings. We explain such connections and present

recent work in this spirit. (Received September 24, 2018)

1145-20-1834 Alexander M. Heaton, 3200 N. Cramer St., Milwaukee, WI, Songpon Sriwongsa, 3200
N. Cramer St., Milwaukee, WI 53211, and Jeb F. Willenbring* (jw@uwn.edu), 3200 N.
Cramer St., Milwaukee, WI 53211. Embedding sl in sl, as a small subalgebra and the
representations of the symmetric group. Preliminary report.
In joint work with Gregg Zuckerman the notion of a small subalgebra was introduced. That is, given a simple
Lie algebra g and a simple subalgebra ¢, we say that € is small in g if there exists a positive integer b (depending
only on g and ) such that in the restriction to ¢ of each finite dimensional representation of g there exists an
irreducible £-representation of dimension at most b.
We assume the field is C. Let n > 3. Given any subalgebra, ¢, of sl,,, if £ 2 sly then ¢ is small in sl,. In joint
work with Hassan Lhou the speaker found that n is a best possible bound b in this case.
The question of when £ = sl is small in sl,, is related to the notion of plethysm. Using a well understood
interpretation of plethysm, we relate the question of small £ 22 s} to the representation theory of the symmetric
group. (Received September 24, 2018)

1145-20-1856 Stephen M. Gagola, Jr.* (gagola@math.kent.edu), Department of Mathematics, 1300
University Esplanade, Kent State University, Kent, OH 44242. Latin Squares from
Zoomorphic Images and Orthomorphisms of Groups. Preliminary report.
The artist Peter Raedschelders has produced an example of a Latin Square of size 8 X 8 in which the 8 symbols
used are the 4 rotations and 4 reflections of a tile obtained by deforming the edges of a square. The tiles are
zoomorphic images and have no individual symmetry, but fit together snugly in the style of M. C. Escher to
produce the Latin Square. The artist asks whether the tiles can be colored using 8 colors so that the resulting
coloration also produces a Latin Square that is orthogonal to the original. We use an orthomorphism of the
dihedral group Dg to find this orthogonal mate, and discuss the problem of finding orthomorphisms of groups
in general. (Received September 24, 2018)

1145-20-2087 Catherine Buell, Aloysius Helminck, Vicky Klima, Jennifer Schaefer, Carmen
Wright* (carmen.m.wright@jsums.edu) and Ellen Ziliak. On the Structure of
Generalized Symmetric Spaces of SLn(Fq).
Symmetric spaces were introduced by Elie Cartan as a special class of homogeneous Riemannian manifolds.
Since then a rich and deep theory has been developed. This theory plays a key role in many fields of active
research such as Lie theory, number theory, differential geometry, harmonic analysis and physics. The theory of
symmetric spaces has numerous generalizations including reductive symmetric spaces, symmetric varieties, and
symmetric k-varieties. In this talk, the structure of the generalized and extended symmetric spaces for SLy, (k)
where k is a finite field of odd characteristic will be presented for the inner and outer involutions of SLy (k).
(Received September 24, 2018)
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1145-20-2121 Risto Atanasov (ratanasov@email.wcu.edu), Adam Gregory*
(adgregoryl@catamount.wcu.edu), Luke Guatelli (lrguatellil@catamount.wcu.edu) and
Andrew Penland (adpenland@email.wcu.edu). The Powerful Subgroup Covering Number
of Dihedral 2-Groups. Preliminary report.

A finite p-group G is called powerful if either p is odd and [G,G] C GP or p = 2 and [G,G] C G*. A cover for a

group is a collection of subgroups whose union is equal to the entire group. We will discuss covers of p-groups

by powerful subgroups. The size of the smallest cover of a p-group by powerful subgroups is called the powerful

subgroup covering number. Our focus in this presentation is to determine the powerful subgroup covering number

of the Dihedral 2-groups. (Received September 24, 2018)

1145-20-2182 Kassie Archer and Humberto Bautista Serrano*
(hbautistaserrano@patriots.uttyler.edu), Department of Mathematics, University of
Texas at Tyler, 3900 University Blvd., Tyler, TX 75799, and Kayla Cook, Lindsey-Kay
Lauderdale, Yansy Perez and Vincent Villalobos. Intersections of maximal subgroups
of finite groups. Preliminary report.

In a popular paper of Cohn, the concept of a covering number of a group was introduced. The covering number

of a finite group G is the smallest number of proper subgroups of G whose set-theoretic union is G. Covering

numbers are the subject of prior research by numerous authors, and in this talk we focus on a dual problem

to that of covering numbers of groups, which involves maximal subgroups of finite groups. In addition, we will

compare our results to some of the well-known results on covering numbers. (Received September 25, 2018)

1145-20-2368 Arturo Magidin* (magidin@louisiana.edu), Mathematics Department, University of
Louisiana at Lafayette, P.O. Box 43568, Lafayette, LA 70504-3568. The Chermak-Delgado
lattice of a 2-nilpotent product. Preliminary report.

If G is a finite group, H < G, the Chermak-Delgado measure of H is mg(H) = |H||Cg(H)|. The collection of

subgroups of G for which the Chermak-Delgado measure is as large as possible is the Chermak-Delgado lattice of

G, L(G). It is known that the Chermak-Delgado lattice of a direct product is the direct product of the Chermak-

Delgado lattice: £(G1 x G2) = L(G1) x L(G2). We consider the question of how £(G1 II™2 G2) may be related

to £(G1) and L£(G2), where G1 112 Gg is the 2-nil product of G1 and Gz, G1 *G2/([G1,G2] N (G1 *G2)s3, where

G1 % G2 is the free product and (G1 * G2)3 is the third term of the lower central series of G1 * G2. (Received

September 25, 2018)

1145-20-2416 Maria A. Aviné-Diaz, Phill Schultz and Marcos Zyman*, Mathematics Department,
199 Chambers Street, Room N-599, New York, NY 10007. The upper central series of the
mazximal p-subgroup of a group of automorphisms.

Let G be a bounded abelian p-group, with automorphism group Aut(G). We determine the upper central series

and nilpotency class of the maximal normal p-subgroup of Aut(G). In this talk we impose a condition on the

p-rank of the component of G of maximal exponent. We expect our techniques to eventually yield a complete

solution. (Received September 25, 2018)

1145-20-2502 Joanna B Fawcett and Chase P Vogeli* (cpvogeli@mit.edu). On the Sazl graphs of a
family of permutation groups.

There is a long tradition of constructing graphs that encode interesting properties of groups. Recently, the Saxl
graph was introduced by Burness and Giudici to encode information about bases of permutation groups. A base
for a permutation group G acting on a set €2 is a subset of 2 with a trivial pointwise stabilizer in G. The base
size of G is the minimal cardinality of a base for G, and permutation groups with base size 2 are of particular
interest. The Saxl graph of G, denoted X(G), is a graph with vertices Q in which two vertices are adjacent
if they form a base for G. It is conjectured that in the Saxl graph of a primitive group with base size 2, any
two vertices have a common neighbor. We consider the Saxl graphs of a family of primitive groups constructed
using the natural action of the dihedral group of order 2p on the regular p-gon for a prime p. For this family
of groups, we prove a strong form of the conjecture, namely that the Saxl graphs are strongly regular. We also
determine their automorphism groups, which are related to the unique irreducible 2-dimensional representation
of the dihedral group of order 8. (Received September 25, 2018)

1145-20-2522 Alexei Miasnikov*, amiasnikov@gmail.com. Diophantine problems in groups and
algebras.

During the last several years it was a remarkable progress in solving equations in groups and algebras. I will

discuss some new general methods to reduce Diophantine problems in large classes of groups and algebras to

some specific algorithmic problems in number theory. (Received September 25, 2018)
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1145-20-2638 Saikat Das* (joysaikat@gmail.com), 13 Donald Street, Apt D, Bloomfield, NJ 07003.
Thickness of Out(Ay * ... x Ayp).

Behrstock-Drutu-Mosher introduced algebraic thickness of finitely generated groups to decide non-relative hy-
perbolicity of a large collection of geometrically interesting groups, such as mapping class groups and outer
automorphism groups for all but finitely many cases.

In this talk, we will study hyperbolicity, relative hyperbolicity and thickness of Out(Aj*...xAy), where each A;
is a finite group. The geometric models for these groups will be Guirardel-Levitt deformation spaces, which are
generalization of Culler-Vogtmann outer spaces. We will use these geometric models to find a virtual generating
set and some suitable undistorted subgroups for our investigation. (Received September 25, 2018)

1145-20-2813 Isabella Diaz* (idiaz16@stac.edu), 6 Stanley Street, Dumont, NJ 07628. Swarms and
Group Theory. Preliminary report.

Group theory is used describe and predict countless events and swarms will be the next. Many of these biological
groups exhibit behaviors that may be able to be connected by guidelines of algebraic group theory. These
behaviors include a maximum and minimum distance between group members and a collective between them,
such as direction of movement. These behaviors are currently being researched using differential equations.
However, we believe that we are the first to study them using group theory. We investigate the group-like
structure of swarms and seek to develop how these structures work with each other by taking advantage of the
similarity to groups. The symmetrical tendencies behavioral patterns exhibit will be crucial in understanding the
way swarms operate. Swarms often depend of environmental conditions and mate recognition with the largest
density of individuals concentrated in the center of the swarm according to a 2009 study by Manoukis et. al.
(Received September 25, 2018)

1145-20-2945 Angela Kraft* (akraft@math.arizona.edu). Constructing Basic Algebras.

To study representations of a group algebra F'G, it is often beneficial to study a generally much smaller algebra
whose module category is equivalent to the module category of F'G. This generally much smaller algebra is known
as the basic algebra. In the case where G is a finite simple group, K. Lux has developed algorithmic methods
for computing the basic algebra of F'G. We will discuss basic algebras and how to extend the computational
methods of K. Lux to the case where G is a central extension of a finite simple group. (Received September
25, 2018)

22 » Topological groups, Lie groups

1145-22-502 Sebastian Hurtado* (shurtados@math.uchicago.edu), Chicago, IL 60615. Rigidity of
lattices of Lie groups: Geometry and Dynamics.

I will discuss some famous theorems about the rigidity of manifolds with a hyperbolic metric and more type

geometries (associated to Lie groups). The talk will be informal and require few basic notions about Lie groups.

(Received September 07, 2018)

1145-22-572 Jacksyn Bakeberg (jacksyn.bakeberg@mail.mcgill.ca), Kathryn Blaine
(kb7124@bard.edu) and Firas Hindeleh* (hindelef@gvsu.edu), 1 Campus Dr, Allendale,
MI 49401. Classification of seven-dimensional solvable Lie algebras with five-dimensional
nilradical. Preliminary report.

Low dimensional solvable Lie Algebras were completely classified up to dimension six. A general theorem asserts

that if g is a solvable Lie Algebra of dimension n, then the dimension of its nilradical is at least % For the

seven-dimensional algebras, the nilradical‘s dimension could be 4, 5, 6 or 7. We give an update on this project

and share our contribution to the five-dimensional nilradical case. This research was conducted as part of the

2018 REU program at Grand Valley State University. (Received September 10, 2018)

1145-22-675 Alfred G Noel* (alfred.noel@umb.edu), 100 Morrissey Blvd, Boston, MA 02125, and
Steven Glenn Jackson, Todor Milev and Thomas Folz-Donahue. Algorithms for
Computing Tau Signatures.

Let g be a complex reductive Lie algebra with Weyl group W. We describe algorithms by which one can read

off the complex nilpotent orbit associated with a cell representation of W. Given any representation V of W

we define the sign signature of V' signSignatureV to be the set of all parabolic subgroups P C W (relative to

a fixed simple basis) such that V|p contains a copy of the sign representation of P. The sign signature depends

only on the conjugacy class of P.
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For W of classical type, we show that the irreducible representations of W are determined by their sign
signatures, and we give a simple algorithm by which one can use the sign signature to find the partition or
partition-pair indexing a given irreducible representation. The parametrization of irreducible representations
using sign signatures fails for the exceptional Weyl groups. But we show that the extended sign signature
determines uniquely the irreducible representations of W in general.

Finally, we obtain a simple method which computes the nilpotent orbit associated with the cell representation
of W directly from its 7-invariants. These algorithms are being implemented in the Atlas of Lie Groups and
Representations international project. (Received September 12, 2018)

1145-22-1346 Manuel A. Morén* (mamoron@mat.ucm.es), Depto. Algebra, Geometria y Topologia,
Facultad de Ciencias Matematicas., Universidad Complutense de Madrid, 28040 Madrid,
Madrid, Spain. Characteristic curves for a family of linear PDEs and the exponential map
in the Lie group of Riordan matrices.

In this talk, using [2], I am going to analyze the following consequence of Corollary 24 in [1].

If we are able to solve the associated linear problem (for example by the characteristic method) then we
obtain the exponential matrixz of the generator. On the opposite if we are able to compute the corresponding
one-parameter group ( and then the exponential) we will find the characteristic curves of the corresponding
linear first order partial differential equation.

(1] G.-S. Cheon, A. Luzon, M. A. Moron, L. F. Prieto-Martinez and M. Song Finite and infinite dimensional
Lie group structures on Riordan groups. Adv. Math. 319 (2017) 522-566.

[2] F. John. Partial Differential Equations. Applied Mathematical Sciences 1. Third Edition. Springer-
Verlag. (1980.) (Received September 21, 2018)

1145-22-1916 Manoj Lamichhane* (manoj.lamichhane@uuwc.edu), 1500 N University Dr, Waukesha, WI
53188. Minimal representations of Lie algebras with non-trivial Levi decomposition.
Preliminary report.
We found simple subalgebras of gl(5, R) together with their representations comprising seventeen in all. The
semi-simple subalgebras of gl(5, R) are then found together with their representations comprising six cases in
total. Each such semi-simple subalgebra acts by commutator on gl(5, R) and the resulting representations are
fully decomposed. The results are used to determine all possible solvable extensions of a given semi- simple
subalgebra and hence all Levi subalgebras of gl(5, R) are determined up to isomorphism allowing also for the
use of companion subalgebra. In this talk, we will present how some of the above Levi Subalgebra are used
to find the minimal dimension matrix representations for each of the Lie algebras of dimensions five, six, seven
and eight obtained by Turkowski that have a non-trivial Levi decomposition. The key technique involves using
the invariant subspaces associated to a particular representation of a semi-simple Lie algebra to help in the
construction of the radical in the putative Levi decomposition. (Received September 24, 2018)

1145-22-2528 Joseph Wells* (joseph.wells@asu.edu), Arizona State University, WXLR Room 216, 901
S. Palm Walk, Tempe, AZ 85287-1804. Hybrid subgroups of complex hyperbolic lattices.
Preliminary report.
In the 1980’s Gromov and Piatetski-Shapiro presented a technique called ”hybridization” wherein one starts with
two arithmetic hyperbolic lattices and uses them to produce new hyperbolic lattices (and notably, nonarithmetic
lattices). It has been asked whether there exists an analogous hybridization technique for complex hyperbolic
lattices. In this talk I’ll present a potential candidate hybridization technique and some recent results for both
arithmetic and nonarithmetic lattices in PU(2,1). Some of this is joint work with Julien Paupert. (Received
September 25, 2018)

1145-22-2724 Paramasamy Karuppuchamy* (paramasamyQgmail.com). On Schubert varieties.

In this talk we show that a Schubert variety X_w is a toric variety if and only if the Weyl group element $w$ is
a product of distinct simple reflections. Part of this result can be found (not explicitly mentioned) in Deodhar’s
article “ On some geometric aspects of Bruhat orderings. I. A finer decomposition of Bruhat cell “. The author
was unaware of this fact while writing his article. In A_n type, Masuda and Lee have different approach to get
this result in their recent paper® Generic torus orbit closure in Schubert varities”. (Received September 25,
2018)
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1145-22-2790 David Baraglia (david.baraglia@adelaide.edu.au), School of Mathematical Sciences,
the University of Adelaide, Adelaide, SA 5005, Australia, Chi-Kwong Fok*
(chi-kwong.fok@adelaide.edu.au), School of Mathematical Sciences, the University of
Adelaide, Adelaide, SA 5005, Australia, and Varghese Mathai
(mathai.varghese@adelaide.edu.au), School of Mathematical Sciences, the University of
Adelaide, Adelaide, SA 5005, Australia. Twisted K-theory of compact Lie groups and
extended Verlinde algebras. Preliminary report.

In a series of recent papers, Freed, Hopkins and Teleman put forth a deep result which identifies the twisted

K-theory of a compact Lie group G with the representation theory of its loop group LG. Under suitable

conditions, both objects can be enhanced to the Verlinde algebra, which appears in mathematical physics as

the Frobenius algebra of a certain topological quantum field theory, and in algebraic geometry as the algebra
encoding information of moduli spaces of G-bundles over Riemann surfaces. In this talk, I will present partial

results on an extension of the Verlinde algebra with disconnected G, with a view towards its relation to a

generalisation of moduli spaces called twisted moduli spaces proposed recently by E. Meinrenken. The talk is

based on work in progress joint with David Baraglia and Varghese Mathai. (Received September 25, 2018)

1145-22-2919 Ehssan Khanmohammadi* (khanmoheQunion.edu). Some Plancherel-type formulas for
Lie groups.

We present some Plancherel-type formulas that originate from the orbit method and our study of Kirillov’s

character formula for various Lie groups. Then we discuss some approaches to generalizing these formulas to

larger classes of Lie groups. (Received September 25, 2018)

1145-22-2929 Bob Palais* (bob.palais@uvu.edu). Computational advantages and historical insights
from viewing quaternionic interpolation of three-dimensional rotations as geodesic vector
interpolation on S2.

We compare three methods for interpolating two three-dimensional rotations: Directly in SO(3) matrix form;

Using the Euler transform from S3 — SO(3); Using the analog of ordinary vector interpolation for directed

geodesic arcs on S2. We also compare the spherical triangles used by Euler and Rodrigues to locate an axis for

general and composed rotations, and note an interesting consequence of the spherical triangles of Harriot and

Girard. (Received September 25, 2018)

26 » Real functions

1145-26-423 Tessa Murthy* (tessa.murthy@yale.edu), P.O. Box 200799, 206 Elm Street, New Haven,
CT 06520. Sequences of Ratios of 1-Periodic Functions.
Sequences of Ratios of 1-Periodic Functions
T. Murthy, supervised by S. Steinerberger

Consider the sequence of functions fn, = > 7 4 M Steinerberger [2016] proves that this function has
a strict local minimum at all rational points z = % where |q| < \/n. There is a family of closely related functions
n
G(kx)
F”l(x) = Z )
=1 Hk)

where G is a 1-periodic continuous function and H is convex. Among these is the well-known Takagi blancmange
function, which is known to have several interesting properties and has been used in extremal combinatorics.

Regarding the Steinerberger function, we provide bounds on local maxima (in particular, they cannot be too
closely approximated by rational points with denominators less than 1/n) and seek to determine an approximating
function for the enveloping curve. We also consider various functions of the form F(x) and explore the self-
similarity properties of Foo () when it converges. (Received September 05, 2018)

1145-26-1542 DoYong Kwon* (doyong@jnu.ac.kr), Department of Mathematics, Chonnam National
University, Gwangju, 61186, South Korea. A singular function from Sturmian continued
fractions.

For o > 1, let sa(n) = [an] — [a(n — 1)]. A continued fraction C'(a) = [0; sa(1), $a(2),...] is considered and

analyzed. Appealing to Diophantine approximation, we investigate the differentiability of C(a), and then show

its singularity: C’(a) = 0 for almost every a. (Received September 23, 2018)
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1145-26-2274 Javad Namazi* (namazi@fdu.edu), Madison, NJ 07940. For which geometric object , its
shape can be heard? Preliminary report.

There has been a wealth of research into the question of for which geometric object, its shape can be heard. We

look into some recent research in this area. (Received September 25, 2018)

28 » Measure and integration

1145-28-1718 Michael Hinz* (mhinz@math.uni-bielefeld.de) and Daniel J. Kelleher. Differential
forms on products of fractals. Preliminary report.

During the recent years differential one-forms on fractal spaces have been studied by various authors. In this
talk we consider products of fractals and explain a way to introduce higher order differential forms on them. We
discuss how these forms can be approximated by antisymmetric functions on products of graphs and why this
is a correct point of view. Our simple guiding example is the case of two-forms on the product of two Sierpinski
gaskets. The talk is based on recent work in progress with Dan Kelleher (Mount Holyoke College). (Received
September 24, 2018)

1145-28-1740 Wei Tang (twmath20160163.com), College of Mathematics and Computational, Science,
Hunan First Normal University, Changsha, Hunan 410205, Peoples Rep of China, and
Sze-Man Ngai* (smngai@georgiasouthern.edu), Department of Mathematical Sciences,
Georgia Southern University, Statesboro, GA 30460. Heat equations defined by a class of
fractal measures.

We set up a framework to study one-dimensional heat equations defined by fractal Laplacians associated with

self-similar measures with overlaps. We show that for a class of such self-similar measures, a heat equation can

be discretized and the finite element method can be applied to yield a system of linear differential equations.

We show that the numerical solutions converge to the actual solution and obtain the rate of convergence. We

also study some properties of the solutions of the heat equation. (Received September 24, 2018)

1145-28-2527 Irfan Alam* (irfanalamisi@gmail.com), Department of Mathematics, Louisiana State
University, Baton Rouge, LA 70802. Integration on the infinite sphere. Preliminary report.
The coordinates, along any fixed direction(s), of points on the sphere S™"~!(y/n) (equipped with the uniform
surface measure 5, roughly follow a standard Gaussian distribution as n approaches infinity. We revisit this
classical result from the point of view of a nonstandard analyst. Fixing a “good” real-valued function f on R¥ (and
extending it canonically to R™ for any n > k), the classical result says that lim fdon, = / fdu,
"0 Jsn-1(y/m) RF

where g is the standard k-dimensional Gaussian measure. A difficulty in working with such a limit is that the
measure spaces are changing with n. Nonstandard analysis allows access to the “hyperfinite-dimensional sphere”
SN_I(\/N) (where N > 00), which, when equipped with the correct “surface measure”, is expected to capture
the large-n behavior of S”~'(y/n). We define the appropriate measure on SV —1(+/N) and show that the above
limit is equal to an integral on this sphere for all p-integrable functions f, thereby proving the classical result for
the largest class of functions possible. Some background in nonstandard analysis will be provided. (Received
September 25, 2018)

30 » Functions of a complex variable

1145-30-119 Libby Farrell and Andres Zumba* (andreszumba@fresnostate.edu). Zero Distribution
of a Sequence of Polynomials with a Higher Order Three Term Recurrence.

We study the zero distribution of a sequence of polynomials with the recurrence P, (z) = —B(2)Pm—r(2z) —

A(2)Pp—n(z) where n and r are relatively prime and both not equal to 1. We have shown that in the case that

(s )) > 0, except for values of z

which satisfy B(z) = 0. We also give results towards determlnmg the zero distribution of the general recurrence.

(Received August 03, 2018)

n = 4 and r = 3, the zeros will lie on the curve given by Im (< D= =0 and Re4

1145-30-125 Fareeda Begum® (fareeda.begum@pg.canterbury.ac.nz), Christchurch, New Zealand,
and Ngin-Tee Koh, Christchurch, New Zealand. Integral means of univalent functions on
an annulus. Preliminary report.

We discuss analogues of the Schwarz lemma for holomorphic functions on an annulus. Counterexamples reveal

that a pointwise version of the Schwarz lemma for holomorphic functions on an annulus would not be possible.
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We also examine an integral means version of the Schwarz lemma for holomorphic functions of an annulus. It
turns out that normalization and univalence both play a key role. This is joint work with Dr. Ngin-Tee Koh.
(Received August 08, 2018)

1145-30-932 Lida Ahmadi* (1ahmadi@purdue.edu) and Mark Daniel Ward (mdw@purdue.edu).
Asymptotics of the number of bosonic string states.

We analyze the precise first-order asymptotics of the number of bosonic string states, by analyzing the analogous
generating function. This yields a succinct approximation for the enumeration, according to mass level. Our
methodology utilizes the Mellin transform and application of the saddle point method, to obtain the first-order
asymptotics of the coefficients of the analogous generating function. The method of analysis resembles the
Hardy—Ramanujan (refined by Rademacher) methodology for the asymptotic analysis of the number of integer
partitions. (Received September 17, 2018)

1145-30-991 See Keong Lee* (skleeQusm.my), School of Mathematical Sciences, Universiti Sains
Malaysia, 11800 USM, Penang, Malaysia. The monotonicity properties of a generalized
Bessel function.

The monotonicity properties of the generalized Bessel function

> (=c)k x\2k+p
o T (ak+p+ L) )
where a € N ={1,2,3,...} and b,p,c,z € R, will be discussed for ¢ < 0. Also for a closely related function to

)

aBp,p,c(®) =

aBp,p,c, its log-convexity and log-concavity properties in terms of the parameters d and p will be respectively
investigated, which would then lead to direct and reverse Turdn-type inequalities. (Received September 18,
2018)

1145-30-1022 Khang D Tran* (khangt@mail.fresnostate.edu), Department of mathematics, 5245
North Backer Avenue M/S PB108, Fresno, CA 93740, and Andres Zumba. Zeros of
polynomials with four-term recurrence and linear coefficients.

This talk studies the zero distribution of a sequence of polynomials { P, (2)};7_, generated by the reciprocal of

1+ct+ B(2)t? + A(2)t3 where ¢ € R and A(z), B(z) are real linear polynomials. We find necessary and sufficient

conditions for the reality of the zeros of Pp,(z). Under these conditions, we find an explicit interval containing

these zeros, whose union forms a dense subset of this interval. (Received September 18, 2018)

1145-30-1257 Zair Ibragimov* (zibragimov@fullerton.edu). Transfinite Apollonian Metric.
Preliminary report.

I will discuss the concept of transfinite (-metrics. In some details I will discuss transfinite Apollonian metric in

the settings of semi-metric spaces. I will discuss specific examples of domains where the transfinite Apollonian

metric can be computed explicitly. (Received September 20, 2018)

1145-30-1370 Tim Ferguson* (tjfergusoni@ua.edu). Equivalence among variable exponent Hardy or
Bergman spaces.

We study the question of when two weighted variable exponent Bergman spaces or Hardy spaces are equivalent.
As an application, we show that variable exponent Hardy spaces have a close relation to classical Hardy spaces
when the exponent is log-Holder continuous and has bounded harmonic conjugate (when extended from its
boundary values to be harmonic in the disc). We use this to characterize Carleson measures for these variable
exponent Hardy spaces. We also prove under certain conditions an analogue of Littlewood subordination and a
result on the boundedness of composition operators. (Received September 21, 2018)

1145-30-1432 Bonita V Saunders* (bonita.saunders@nist.gov), 131 Goucher Terrace, Gaithersburg,
MD 20877. Complex Variables, Mesh Generation, and 8D Web Graphics: Research and
Technology Behind the Dynamic Visualizations in the NIST Digital Library of
Mathematical Functions.
In 2010, the National Institute of Standards and Technology (NIST) launched the Digital Library of Mathematical
Functions (DLMF) (https://dlmf.nist.gov), a free online resource containing definitions, recurrence relations,
differential equations and other crucial information about mathematical functions useful to researchers working
in various application areas in the mathematical and physical sciences. Although the DLMF was designed to
replace the widely cited NBS Handbook of Mathematical Functions (Abramowitz & Stegun), the goal was to go
far beyond a book on the web, incorporating web tools and technologies for accessing, rendering and searching
math and graphics content [1]. This talk will focus on the research and implementation challenges in developing
the graphs and surface visualizations for the DLMF and take a brief look at ongoing and future research.
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Reference
(1] B. Schneider, B. Miller, B. Saunders. NIST’s Digital Library of Mathematical Functions. Physics Today,
71(2):48-53, 2018, https://doi.org/10.1063/PT.3.3846. (Received September 21, 2018)

1145-30-2624 Stacey Muir* (stacey.muir@scranton.edu), Mathematics Department, The University of
Scranton, Scranton, PA 18510. Convolutions of Normalized Harmonic Mappings.
Preliminary report.
Recent results on the convolution of two planar harmonic mappings is built on the idea that when the convolution
of functions from certain normalized families of mappings, such as half-plane or strip mappings, is locally
univalent, then the convolution will possess certain direction-convexity properties. Thusly, much of the latest
work on harmonic convolutions centers around establishing conditions on the dilatations of f1, fo : D — C from
the families above so that f1 * f2 is locally univalent. We will discuss how these results are impacted by dilatations
that do not fix zero and broaden the families from which f1 and f2 are chosen. (Received September 25, 2018)

1145-30-2809 Kourosh Tavakoli* (ktavakoli@okcu.edu). On the Limit Behavior of Iterated Function
Systems of Holomorphic Maps.

In this research, I studied the iterated function systems composed of holomorphic maps. I investigated some

conditions that are related to the limit behavior of iterated function systems. I have also discussed several

interesting examples. (Received September 25, 2018)

31 » Potential theory

1145-31-1402 Sizhen Fang, Dylan A. King, Eun Bi Lee* (el542@cornell.edu) and Robert S.
Strichartz. Spectral Decimation for Families of Self-Similar Symmetric Laplacians on the
Sierpinski Gasket.
We construct a one-parameter family of Laplacians on the Sierpinski Gasket that are symmetric and self-similar
for the 9-map iterated function system obtained by iterating the standard 3-map iterated function system. Our
main result is the fact that all these Laplacians satisfy a version of spectral decimation that builds a precise
catalog of eigenvalues and eigenfunctions for any choice of the parameter. We give a number of applications
of this spectral decimation. We also prove analogous results for fractal Laplacians on the unit Interval, and
this yields an analogue of the classical Sturm-Liouville theory for the eigenfunctions of these one-dimensional
Laplacians. (Received September 21, 2018)

1145-31-1425 Anders Bjorn (anbjo@liu.se), , Sweden, Jana Bjorn (jabjo@liu.se), , Sweden, and
Nageswari Shanmugalingam* (shanmunQuc.edu), Department of Mathematical Sciences,
P.O. Box 210025, University of Cincinnati, Cincinnati, OH 45221-0025. Liouwville type
theorems for p-harmonic functions in metric measure spaces.
Classical Liouville theorem states that there is no bounded non-constant analytic function on the complex
plane. Versions Liouville theorems were then subsequently given for harmonic functions (non-negative harmonic
functions on the Euclidean space are constant, bounded harmonic functions on the Euclidean spaces are constant
etc.). Given the analysis of p-harmonic functions (1 <p< oo) on complete manifolds where the volume is a
doubling measure supporting a p-Poincare inequality, we know the Liouville type theorem stating that ”there
are no non-constant positive p-harmonic functions on the manifold” holds. This theorem was extended to the
setting of metric measure spaces with doubling measure supporting a p-Poincare inequality about 18 years ago.
In this talk we will describe a Liouville type theorem in this general non-smooth setting for p-harmonic functions
with globally finite energy. (Received September 21, 2018)

1145-31-1633 Loredana Lanzani*, Department of Mathematics, Syracuse University, Syracuse, NY
13244, and Malabika Pramanik. On the symmetrization of Cauchy-like kernels.
Preliminary report.

In this talk I will present new symmetrization identities for a family of Cauchy-like kernels in complex dimension

one.

Symmetrization identities of this kind were first employed in geometric measure theory by P. Mattila, M.
Melnikov, X. Tolsa, J, Verdera et al., to obtain a new proof of Lebesgue-space regularity of the Cauchy transform,
which ultimately led to the a partial resolution of a long-standing open problem known as the Vitushkin’s
conjecture.
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Here we extend this analysis to a class of kernels that are more closely related to the holomorphic reproducing
kernels that arise in complex function theory.
This is joint work with Malabika Pramanik (U. British Columbia). (Received September 23, 2018)

1145-31-1719 Daniel J Kelleher* (dkellehe@mtholyoke.edu), South Hadley, MA 010175. Differential
forms on quantum graphs and Laakso spaces. Preliminary report.

A general framework, in the setting of Dirichlet spaces, is developed to prove a weak form of the Bakry-Emery
estimate and study its consequences. This estimate may be satisfied in situations, like metric graphs, where
generalized notions of Ricci curvature lower bounds are not available. This is proven using semigroup domination,
a beautiful, classical argument which relates the semigroup on differential forms to the heat semigroup. We
discuss the application of this theory to fractals which are the limit of quantum graphs, such as Laakso spaces.
Based on Joint work with P. Alonso-Ruiz, F. Baudoin, and A. Teplyaev. (Received September 24, 2018)

1145-31-2750 Lucio M-G Prado* (lprado@bmcc.cuny.edu), Department of Mathematics, BMCC, The
City University of New York, 199 Chambers Street, New York - NY 10007, New York, NY
10007. p-Capacity and p-Poisson Equation. Preliminary report.

The aim of this talk is to present concepts and techniques from p-potential theory on Riemannian manifolds

adapted to infinite graphs. We will give some overview of concepts related to p-potential theory and the states

of the area on infinite graphs. In particular, we investigated the Z"-lattice and its p-capacity to classify as

p-hyperbolic or p-parabolic under specific condition in terms of p. With p-hyperbolicity /p-parabolicity, we

examine surjectivity of the p-Laplacian and the type the solution in terms of p-Dirichlet spaces can be obtained

to specific p-Poisson equations.

(Received September 25, 2018)

32 » Several complex variables and analytic spaces

1145-32-628 Alexandru Aleman, Michael Hartz and John E McCarthy*, Dept. of Math and
Stat, Washington University, St. Louis, MO 63130, and Stefan Richter. The Hardy H'
space of a complete Pick space on the ball.

We shall discuss what the Hardy space H' should be for complete Pick spaces on the ball, such as the Drury-

Arveson space, and give a Nehari theorem. (Received September 11, 2018)

1145-32-1164 Matvei Libine* (mlibine@indiana.edu), Dept of Math, Rawles Hall, 831 East 3rd St.,
Bloomington, IN 47405. New Developments in Quaternionic Analysis from the Point of
View of Representation Theory.

I will talk about recent development in quaternionic analysis from the point of view of representation theory

of the conformal group GL(2,H) ~ O(5,1). In particular, I plan to talk about a new algebra structure on

quaternionic functions that commutes with the action of GL(2,H). I will not assume knowledge of quaternionic

analysis from the audience.

This is a joint work with Igor Frenkel from Yale University. (Received September 19, 2018)

1145-32-2131 Kate Brubaker* (kbrubak@purdue.edu). The homogeneous complex Monge-Ampére
equation and uniform estimates for holomorphic maps into a complex manifold.
Preliminary report.
The study of the space of Kahler metrics on a compact Kahler manifold leads to a homogeneous complex Monge-
Ampere equation. In 2002, Donaldson showed that the space of smooth solutions to this equation is open, when
the domain is the product of the manifold with the unit disk in C. His work employed a reformulation of the
Monge-Ampere problem in terms of families of holomorphic disks in the manifold. We present a result about
uniform estimates on holomorphic maps of the unit disk into a complex manifold, as a step towards apriori
estimates on solutions to the equation. (Received September 24, 2018)

1145-32-2152 Soledad Villar* (soledad.villar@nyu.edu). SUNLayer: stable denoising with generative
models. Preliminary report.

Recent developments in deep neural networks have produced impressive generative models for real world data.

Such generative models can be successfully exploited to solve classical inverse problems like compressed sens-

ing, phase retrieval and super resolution. In this work we focus on the classical signal processing problem of

image denoising. We propose a theoretical setting that uses spherical harmonics to identify what mathematical
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properties of the activation functions will allow signal denoising with local methods. (Received September 24,
2018)

1145-32-2662 Jerry R. Muir, Jr.* Department of Mathematics, The University of Scranton, Scranton,
PA 18510. Convex families of holomorphic mappings related to the convexr mappings of the
ball in C™.

We consider the closed convex hull of the family of convex mappings of the Euclidean unit ball B C C™; i.e., the
family of normalized biholomorphic mappings defined in B whose images are convex domains in C™. Whenn =1
(and B is the unit disk D) the closed convex hull can be described by using an integral representation derived
from the Herglotz representation of analytic functions of D with positive real part and an elementary analytic
property satisfied by convex mappings. As is typical, things are more complicated when n > 2. In that case, we
will consider the natural generalization to B of an analytic condition characterizing the closed convex hull of the
convex mappings of D and show that the (convex) family of mappings satisfying this condition is not the closed
convex hull of the convex mappings of B by illustrating that the two convex sets do not have the same extreme
points. (Received September 25, 2018)

33 » Special functions

1145-33-56 Harish Nagar* (drharishngr@gmail.com), 2-A-16, Nagar Villa, Bapu Nagar, Bhilwara,
311001, India, and Seema Kabra. Composition of Marichev-Saigo-Maeda fractional
operators and generalized k-Struve function.

The aim of present paper is to present certain new formulas using Caputo — type Marichev — Saigo — Maeda

fractional integral and differential operators having the generalized k — Struve function Sl’fyc(t) as one of the

kernel factor. These fractional operators, when applied on k — Struve function yield the results in the form of
generalized k-Wright function p\I/g. The corresponding assertion for the Saigo and Erdelyi — Kober fractional

operators is also presented in this paper. (Received July 11, 2018)

1145-33-769 Gaurav Bhatnagar* (bhatnagarg@gmail.com) and Mourad E. H. Ismail. Orthogonal
polynomials associated with a continued fraction of Hirschhorn.

We study orthogonal polynomials associated with a continued fraction due to Hirschhorn. Hirschhorn’s contin-
ued fraction contains as special cases the famous Rogers—Ramanujan continued fraction and two of Ramanujan’s
generalizations. The orthogonality measure of the set of polynomials obtained has an absolutely continuous
component. We find generating functions, asymptotic formulas, orthogonality relations, and the Stieltjes trans-
form of the measure. Using standard generating function techniques, we show how to obtain formulas for the
convergents of Ramanujan’s continued fractions, including a formula that Ramanujan recorded himself as Entry
16 in Chapter 16 of his second notebook. (Received September 14, 2018)

1145-33-1723 Sunita Nagar*, 2-A-16, Nagar Villa, Bapu Nagar, Bhilwara, and Harish Nagar.
Composition of pathway fractional integral operator on generalized k - Wright function.

In this paper, the Pathway Fractional Integral operator is applied to the generalized K-Wright function. This

fractional operator when applied to the power multiples of the generalized K-Wright function p\Il’; yields a higher

ordered generalized K-Wright function, namely (p+1)\II’(‘q+1). One special case of the main results given here is

also considered to correspond with known result. (Received September 24, 2018)

34 » Ordinary differential equations

1145-34-60 Chris McCarthy* (cmccarthy@bmcc. cuny.edu), BMCC CUNY, Dept. of Math, 199
Chambers Street, New York, NY 10007. Virtual Experiments and Differential Equations
Models.

In this context, “virtual experiments” are videos or photos of an actual physical experiment, or a computer
simulation, from which data can be culled, and which can be modeled using differential equations. I will discuss
examples of virtual experiments, some created by students. I will discuss their production, usage, and their
dissemination online on the City University of New York’s (CUNY) Academic Commons, as part of an Open
Educational Resources (OER) initiative funded by CUNY and the NYS Dept of Education. (Received July 15,
2018)
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1145-34-260 Rocio Marilyn Caja Rivera (rcajariv@nd.edu), Department of Biological Sciences, 100
Galvin Life Science Center, Notre Dame, IN 46556, and Alfredo Villanueva*
(avillanueva@sf.edu), 2701 Spring Street, Department of Chemistry, Computer Science,
an, University of Saint Francis, Fort Wayne, IN 46808. Global Stability: Vector Feeding
Preference in Vector Borne Diseases.

This paper presents a general system of ordinary differential Equations (ODE) for vector borne diseases that

includes vector feeding preferences for carrier hosts and intrinsic incubation. Where we analyze Global stability of

endemic equilibrium, and this is the first time here, we use a geometric approach presented by Li and Muldowney.

Moreover, we have expanded their work from three ODE system to four ODE system, and demonstrate that the

endemic equilibrium is globally asymptotically stable in the interior of a region accordingly to certain conditions.

As illustrations of our findings on global stability, numerical simulations are included for vector borne diseases.

(Received August 26, 2018)

1145-34-316 Zhivko S. Athanassov* (zhivko@math.bas.bg), G. Bonchev Str. 8, Sofia, 1113. Some
Asymptotic Properties of Ordinary Differential Equations.

For the initial value problem z’ = f(¢,z), z(to) = xo, we discuss the relationship between the asymptotic
behaviour of a solution and the “zero” of the right-hand side, where we denote the “zero” by y(t). Thus, for
a given domain of the definition of f, y(¢) is that unique function for which f(¢,y(t)) = 0, ¢t > to. For scalar
differential equations some rather general general assumptions hold. The results for oscillatory solutions are
more properly characterized as stability or boundedness results rather than asymptotic properties of the solution
x(t). For systems of differential equations we make corresponding assumptions. The stability properties of the
scalar case have analogues in n-dimensions. Asymptotic properties of systems are presented as corollaries to the
results on stability. (Received September 25, 2018)

1145-34-386 Anarina L Murillo* (amurillo@uab.edu), Muntaser Safan, Devina Wadhera and
Carlos Castillo-Chavez. Modeling the Diet Dynamics of Children: the Roles of
Socialization and the School Environment.
Childhood obesity is a health emergency in the U.S. and, consequently, identifying intervention models capable, of
altering the dynamics of obesity at scales that make a difference remains a challenge. The fact that consumption
of healthful foods among most youth has yet to meet recommended nutritional standards highlights a lack of
effective policies aimed at addressing the epidemic of obesity. Mathematical models are used to evaluate the
roles of socialization and school environment on the diet dynamics of children. Data suggest that standard
nutrition education programs may have, at best, minimal impact in altering diet dynamics at the population-
level. Inclusion of peer influence (model as contagion) reinforced by the use of culturally-sensitive school menus
(environmental disruption) may prove capable of modifying obesity enhancing diet dynamics; altering the diets
of a significant (critical) proportion of youngsters. A framework is introduced to explore the value of behavior-
based interventions and policies that account for the sociocultural environments of at risk communities. These
models account for the fact that when dealing with diet-dynamics systems, thinking additively is not enough as
it cannot account for the power of nonlinear effects. (Received September 04, 2018)

1145-34-530 Ismail Abdulrashid* (iza0009@auburn.edu), Department of Mathematics and Statistics,
221 Parker Hall, Auburn University, Auburn, AL 36849, Tomas Caraballo
(caraball@us.es), Dpto. Ecuaciones Diferenciales y Analisis, Numero, Apdo. de Correos
1160, Sevilla, Spain, and Xiaoying Han (xzh0003@auburn.edu), Department of
Mathematics and Statistics, 221 Parker Hall, Auburn University, Auburn, AL 36849. Effect
of Delays in Mathematical Models of Cancer Chemotherapy.
A Mathematical model of chemotherapy cancer treatment is studied where the chemotherapy agent and cells
are assumed to follow a predator-prey type relation. In the model, constant delay parameters are introduced to
incorporate the time lapsed from the instant the chemotherapy agent is injected to the moment it start to be
effective. Existence and uniqueness of non-negative bounded solution is first established. Then both local and
Lyapunov stability for all steady states are investigated. In particular, sufficient conditions dependent of the
delay parameters under which each steady state is asymptotically stable are constructed. Numerical simulations
are presented to illustrate the theoretical results. (Received September 08, 2018)
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1145-34-712 Lale Asik* (lale.asik@ttu.edu), Department of Mathematics and Statistics, Texas Tech
University, Broadway and Boston, Lubbock, TX 79409, and Angela Peace. Dynamics of
a Producer-Grazer Model Incorporating the Effects of Phosphorus Loading on Grazer’s
Growth.
Recent work in ecological stoichiometry has indicated that consumer dynamics are not only affected by insuf-
ficient food nutrient content (low phosphorus (P): carbon (C) ratio) but also by excess food nutrient content
(extremely high P: C ratio). This phenomenon is known as the “stoichiometric knife edge”. While the Peace
et al. (2014) model has captured this phenomenon, it does not explicitly track P loading of the aquatic envi-
ronment. Here, we extend the Peace et al. (2014) model by mechanistically deriving and tracking P loading in
order to investigate the growth response of the grazer to the producer of varying P:C ratios. We analyze the
dynamics of the system such as boundedness and positivity of the solutions, existence and stability conditions
of boundary equilibria. Bifurcation diagram and simulations show that our model behaves qualitatively similar
but quantitatively different to the Peace et al. (2014) model. Furthermore, the structure of our model can easily
be extended to incorporate seasonal phosphorus loading. (Received September 13, 2018)

1145-34-743 Yunxiang Bai* (yxb27810@louisiana.edu), Department of Mathematics, University of
Louisiana at Lafayette, Lafayette, LA 70504, and Aghalaya S Vatsala. Nonlinear Caputo
Impulsive Fractional Differential Equations and Generalized Monotone Method.
Preliminary report.
It is known that Caputo fractional differential equations play an important role in modeling physical situation.
The models represented by Caputo fractional differential equation in general are better and efficient models than
its counterpart with integer derivative models. In this work, we consider nonlinear Caputo impulsive fractional
differential equations with initial conditions. Further, the impulses occur in the non-homogeneous term. Initially,
we have computed the solution of the linear Caputo impulsive fractional differential equation explicitly using
the method of mathematical induction. We have developed comparison results in terms of coupled lower and
upper solutions when the nonlinear terms are sums of an increasing and decreasing functions of the unknown
function. Finally, we have developed generalized monotone method for the nonlinear Caputo impulsive fractional
Differential Equations with initial conditions using coupled lower and upper solutions. This proves the existence
coupled minimal and maximal solutions of the nonlinear problem. Finally, under uniqueness condition, we prove
the existence of the unique solution of the nonlinear Caputo fraction impulsive differential equation with initial
condition. (Received September 13, 2018)

1145-34-808 Paul G Warne* (warnepg@jmu.edu), Department of Mathematics and Statistics, James
Madison University, and Debra A Warne (warneda@jmu.edu), Department of
Mathematics and Statistics, James Madison University. The Adaptive Parker-Sochacki
Pade’ Method For Robust Numerical Simulation. Preliminary report.
For high-resolution numerical simulation involving systems of differential equations, an explicit adaptive proce-
dure using a foundation of the Parker-Sochacki Method (PSM) has significant advantages over many standard
adaptive algorithms that use a Runge-Kutta (RK) foundation. These advantages include decreased output data
storage size relative to resolution and complexity, built-in series approximations of the state space to find states
between time steps, an automatic stepwise a-priori error bound, and a simple way to increase or decrease the
order of the method stepwise during the computation. PSM functions that represent the backbone of a future
PSM tool for the scientific community are described. At each step across the domain, these functions efficiently
and recursively generate both the Taylor polynomial and the remarkably robust Pade’ rational approximants
of the solution to the governing ODE system. An Adaptive PSM Pade’ algorithm is described theoretically
and demonstrated on several examples, including a 3 degree of freedom system. Results are compared against
standard RK adaptive algorithms; it is noted in the 3 degree of freedom example that Adaptive PSM Pade’ runs
faster and takes roughly two orders of magnitude fewer steps for similar accuracy. (Received September 15,
2018)

1145-34-810 Marius Beceanu* (mbeceanu@albany.edu), Juerg Froehlich and Avy Soffer.
Nonlinear equations with random time-dependent potentials.

In this talk I shall discuss some new results concerning nonlinear evolution equations with time-dependent

potentials. (Received September 25, 2018)
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1145-34-836 Mangalagama Dewasurendra* (dewasurendra_m@knights.ucf.edu), University of
Central Florida, 4393 Andromeda Loop N., Orlando, FL 32816, and Kuppalapalle
Vajravelu (kuppalapalle.vajravelu@uct.edu) and Ying Zhang
(ying.zhang@knights.ucf.edu). Optimal semi-analytical method to solve coupled nonlinear
differential equations arising in epidemiology.
The Method of Directly Defining inverse Mapping (MDDiM) is an extension of Optimal Homotopy Analysis
method (OHAM) and has been used to solve single nonlinear ordinary differential equations. We extended
this novel method to solve systems of coupled nonlinear ordinary differential equations arise in science and
engineering. In this talk, I will present solutions obtained for the SIR and the SIS models in epidemiology. In
order to obtain accurate approximate analytical solutions, single inverse linear map considered which permit
accuracy with relatively few terms. The convergence control parameters and pertinent parameters in directly
define inverse map were select through the construction of an optimal control problem for the minimization of
the accumulated residual errors. Further, we will present solution curves along with numerical results to validate
our approximation solutions. This idea is more general and can be used to analyze complicated models arising
in mathematical biology, physics and engineering. (Received September 16, 2018)

1145-34-856 Wenying Feng* (wfeng@trentu.ca), Peterborough, ON , Canada, and Ankai Liu.
Existence of Solutions for Integral Equations with Changing Sign Green’s Functions.

We will introduce a new class of cone as a generalization of the compression cone technique for fixed-point index.

As a result, the traditional method is shown to be more adaptable in applications. We prove new results for

semi-linear integral equations. Applications are illustrated by examples. Limitations of such new method are

also discussed. (Received September 16, 2018)

1145-34-920 Min Wang* (min.wang@kennesaw.edu). A fractional inventory model for bike share
systems.

In this talk, a fractional differential equation model is developed to describe the inventory at a bike share station

based on preliminary data analysis on the historical bike share data. The analytic solution of the model is

investigated as well. (Received September 17, 2018)

1145-34-921 Youssef Naim Raffopul* (yraffoull@udayton.edu), 300 College Park, Dayton, OH
45469-2316. New Variation of Parameters Formula that Leads to Stability in
Integro-differential Equations. Preliminary report.

In this work we introduce a function v(t) to invert a given integro-differential equation and obtain a new variation

of parameters formula. The new variation of parameters formula will be used, along with fixed point theory to

arrive at stability results. Our work extends and improve the results in the literature.

(Received September 17, 2018)

1145-34-946 Omomayowa Olawoyin* (omomayowa.olawoyin@mavs.uta.edu) and Christopher
Kribs. Effects of Multiple Transmission Pathways on Zika Dynamics.

Although the Zika virus is transmitted to humans primarily through the bite of infected female Aedes aegypti
mosquitoes, it can also be sexually and vertically transmitted within both populations. In this study, we
develop a new mathematical model of the Zika virus which incorporates sexual transmission in humans and
mosquitos, vertical transmission in mosquitos, and mosquito to human transmission through bites. Analysis of
this deterministic model shows that the secondary transmission routes of Zika increase the basic reproductive
number (Rp) of the virus by 5%, shift the peak time of an outbreak to occur 10% sooner, increase the initial
growth of an epidemic, and have important consequences for control strategies and estimates of Rg. Furthermore,
sensitivity analysis show that the basic reproductive number is most sensitive to the mosquito biting rate and
transmission probability parameters and reveal that the dynamics of juvenile mosquito stages greatly impact
the peak time of an outbreak. These discoveries deepen our understanding of the complex transmission routes
of ZIKV and the consequences that they may hold for public health officials. (Received September 17, 2018)

1145-34-951 Sougata Dhar* (sougata.dhar@maine.edu), 5752 Neville Hall, Department of
Mathematics & Statistics, Orono, ME 04469, and Qingkai kong. Fractional Lyapunov-type
Inequalities with Mized Boundary Conditions on uniariate and multivariate domains.
Lyapunov-type inequalities are established for Riemann-Liouville fractional differential equations with order
a € (2,3] and certain pointwise or mixed boundary conditions. Results are first given for univariate case, and
then extended to multivariate case. All the results are new and one of them extends and improves substantially
the one in the literature for third-order multivariate boundary value problems. (Received September 17, 2018)
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1145-34-1000 Anthony Dean Stefan* (stefanamp@yahoo.com), 111 Lake Hollingsworth Dr., Lakeland,
FL 33801, and Zachary David Fralish and Thomas Bernard Tyson. Using
Differential Equations to Model Predator-Prey Relations as Part of SCUDEM Modeling
Competition. Preliminary report.
In the spring of 2018, for the SCUDEM modeling competition in St. Petersburg, Florida, we received outstanding
distinction for designing a mathematical model to estimate how kinetic, spatial, auditory, electrical, and tensive
output from a predator are accumulated to trigger a neural response in prey. Furthermore, the propagation of
the resultant action potential and the physical flight of the prey from the predator were modelled through the
analysis of larval zebrafish as a model organism. In our presentation, we will present how we developed our model
and learned how to apply differential equations. The specific aspects of our modelling process we will discuss
include our preparation methods for the competition, integrating knowledge from fields outside of mathematics,
how assumptions contributed to the success of our model, and techniques we used to refine our presentation.
Beyond our assumptions necessary for the models, we also discuss limitations and future directions for our work.
(Received September 19, 2018)

1145-34-1003 Gaston Mandata N’Guerekata* (gaston.n’guerekata@morgan.edu), Morgan State
University, 1700 East Cold Spring Lane, Baltimore, MD 21113. Pseudo almost periodic
solutions for a Nicholson’s blowflies model with mortality term.

This article is concerned with a discrete Nicholson’s blowflies model, which involves a nonlinear density-dependent

mortality term. By using fixed point theorem and Lyapunov functional method, we obtain the existence and

locally exponential stability of pseudo almost periodic solutions for the addressed Nicholson’s blowflies model.

In addition, an example is given to illustrate our results. (Received September 18, 2018)

1145-34-1025 Paul Eloe* (peloel@udayton.edu) and Jaganmohan Jonnalagaddda.
Quasilinearization and Boundary Value Problems for Riemann-Liouville Fractional
Differential Equations.
The quasilinearization method is applied to a Dirichlet boundary value problem and to a right focal boundary
value problem for a Riemann-Liouville fractional differential equation. First, the method of upper and lower
solutions is employed to obtain the uniqueness of solutions of the Dirichlet boundary value problem. Next, a
suitable fixed point theorem is applied to establish the existence of solutions. The quasilinearization algorithm
is then developed and sequences of approximate solutions are constructed that converge monotonically and
quadratically to the unique solution of the boundary value problem. Two examples are exhibited to illustrate
the main result for the Dirichlet boundary value problem. (Received September 18, 2018)

1145-34-1064 John R Graef* (john-graefQutc.edu), Department of Mathematics, University of
Tennessee at Chattanooga, Chattanooga, TN 37403. Boundary value problems for a
fractional differential inclusion with a Hadamard type derivative.

Sufficient conditions for the existence of solutions to boundary value problems for fractional differential inclu-

sions involving the Hadamard type fractional derivative of order o € (1,2] in Banach spaces are established.

The approach uses Monch’s fixed point theorem and the Kuratowski measure of noncompacteness. (Received

September 18, 2018)

1145-34-1139 Dat Cao*, Department of Mathematics and Statistics, Texas Tech University, Lubbock,
TX 79409, and Luan Hoang, Department of Mathematics and Statistics, Texas Tech
University, Lubbock, TX 79409. Asymptotic expansions for solutions of non-autonomous
differential equations.
We establish the asymptotic expansions, when time goes to infinity, for decaying solutions of non-linear non-
autonomous systems of ordinary differential equations. This extends the original work of Foias-Saut for Navier-
Stokes equations for potential forces (which deal with a bilinear mapping). In our study, the nonlinearity is
more general, and can have an expansion form of any order. We prove that any decaying solution admits an
asymptotic expansion, as time tends to infinity, of the same type as the force’s. We then briefly discuss the
results for Navier-Stokes equations. This is a joint work with Luan Hoang (Texas Tech University). (Received
September 19, 2018)

1145-34-1199 Mabhir Demir* (mdemir@vols.utk.edu), 3100 Lake Brook blvd apt 51, Knoxville, TN
37909. Applications of Optimal Control for Ecosystem-Based Fishery Management.

In contrast to the traditional fishery management (TFM) focusing on one species, ecosystem based fishery

management (EBFM) focusing on the whole ecosystem of the species by using the dynamics of food chain

models is an useful trend in the commercial fishery to not only conserve and manage renewable food resources,
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but also to have optimal and healthy ecosystems. A food chain model coupled with optimal control theory can
be used to investigate harvesting strategies for maximizing the discounted net value of a fish population. Since
fish do not exist in a habitat by themselves, the presence of predators and/or competing species is an important
feature in harvest and conservation in a food web. Therefore, we present a food chain model for harvesting
of Black Sea anchovy on the southern part of the Black Sea. The anchovy stock coupled with a prey and a
predator species is modeled using a system of nonlinear differential equations. The objective for the problem is
to find the ecosystem- based optimal harvesting strategy that maximizes the discounted net value of the anchovy
population with seasonal harvesting. Necessary conditions for the optimal harvesting policy are established.
(Received September 19, 2018)

1145-34-1289 Hella M. Quinnett* (hq939056@cameron.edu), 2800 W. Gore Blvd, Lawton, OK 73505,
and Narayan Thapa (nthapa@cameron.edu), 2800 W. Gore Blvd, Lawton, OK 73505.
Numerical Solution of Beam Equation with Free Boundaries. Preliminary report.

We consider the fourth order differential equation with suitable boundary conditions:

2 2,
dd? [r(x)%} =qg(z)u(z) +p(z), 0<z<L

u(0) =ao u(L)=ar
u”(0)=by u’(L)=bg
For simple data, g(z)u(z) + p(z) and r(x), the beam equation can be solved by using well known techniques
in differential equations. However, for a complex source function and r(x), numerical techniques are the vital
tools to approximate solutions to the given Boundary Value Problem. In this work, we use the finite difference

method to approximate the deflection of beam. We present computational algorithms and display numerical
results. (Received September 20, 2018)

1145-34-1306 Corban Harwood* (rharwood@georgefox.edu). Using Projects to Flip the Differential
FEquations Classroom. Preliminary report.

This talk compares traditional lecture to several active learning styles of teaching before giving a personal
example of transitioning to a flipped classroom using class activities and projects. Many of the projects used were
developed by the SIMIODE community and include extensive comments for implementation by the Instructor.
In agreement with previous studies done, student and instructor feedback through this experience has supported
the use of projects to motivate and improve student learning as well as providing alternative perspectives and
applications of the course material to deepen their understanding. (Received September 20, 2018)

1145-34-1340 Shiping Cao, Anthony Coniglio* (coniglio@iu.edu), Xueyan Niu, Richard Rand
and Robert Strichartz. The Mathieu Differential Equation and Generalizations to
Infinite Fractafolds.
One of the more well-studied equations in the theory of ODEs is the Mathieu differential equation. Because of
the difficulty in finding closed-form solutions to this equation, it is often necessary to seek solutions via Fourier
series by converting the equation into an infinite system of linear equations for the Fourier coefficients. In
this talk we present results pertaining to the stability of this equation and convergence of solutions. We also
investigate ways to modify the linear-system form of the equation in order to study a wider class of equations.
Further, we provide a method in which the Mathieu differential equation can be generalized to be defined on an
infinite fractafold, with our main focus being the fractal blow-up of the Sierpinski gasket. We discuss methods
for studying the stability of solutions to this fractal differential equation and describe further results concerning
properties and behavior of solutions. (Received September 21, 2018)

1145-34-1352 Joseph Paullet* (jep7@psu.edu). Analysis of Stagnation Point Flow of an
Upper-Convected Maxwell Fluid.

Several recent papers have investigated the two-dimensional stagnation point flow of an upper-convected Maxwell
fluid by employing a similarity change of variable to reduce the governing PDEs to a nonlinear third order ODE
boundary value problem (BVP). In these previous works, the BVP was studied numerically and several conjec-
tures regarding the existence and behavior of the solutions were made. The goal of this talk is to mathematically
verify these conjectures. We prove the existence of a solution to the BVP for all relevant values of the elasticity
parameter. We also prove that this solution has monotonically increasing first derivative, thus verifying the
conjecture that no “overshoot” of the boundary condition occurs. Uniqueness results are presented for a large
range of parameter space and bounds on the skin friction coefficient are calculated. (Received September 21,
2018)
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1145-34-1445 Aghalaya S. Vatsala* (vatsala@louisiana.edu), Department of Mathematics, University
of Louisiana at Lafayette, Lafayette, LA 70504, and M Sowmya. Mized Generalized
Iterative Method For Nonlinear Problems. Preliminary report.
Nonlinear problems arise naturally in the mathematical modeling of physical situation in various branches
of science and engineering. Explicit computation of solutions of these nonlinear problems is rarely possible.
Generalized monotone method combined with coupled lower and upper solutions provides the existence of coupled
minimal and maximal solutions. The method is useful, when the nonlinear function is the sum of an increasing
and decreasing functions. On the other hand, generalized quasilinearization method is applicable when the
nonlinear function is the sum of a convex and concave functions. In this work, we mix the two methods together
with coupled lower and upper solutions when the nonlinear function, is any combination of an increasing,
decreasing, convex and concave functions. The rate of convergence is super linear. The method can be easily
extended to Caputo fractional differential equation with initial condition. The mixed iterative method is useful in
Volterra integro- differential equations. For example, such equations arise in Hodgkin-Huxley model, FitzHugh
Nagumo equation. A numerical example will be presented. (Received September 21, 2018)

1145-34-1554 Emre Esenturk® (e.esenturk.1@warwick.ac.uk), Mathematics Institute, University of
Warwick, Coventry, CV4 7AL, United Kingdom. Mathematical theory of exchange-driven
growth: Fundamentals and asymptotic behavior.

Exchange-driven process (EDP) is a mechanism where clusters of (constituent elements of) a system interact

with each other by exchanging single unit-element at a time. Examples include models population dynamics,

wealth exchange etc. In this talk we present first rigorous results for the mean field rate equations of this process.

We show two different types of behavior depending on the symmetry of K( j, k), the interaction kernel. For the

non-symmetric case, we show global existence and uniqueness of solutions for kernels satisfying K(j, k) < C j k.

This result is optimal in the sense that we show for a large class of initial conditions and kernels satisfying K(j,

k) > C j? (B > 1) the solutions cannot exist. On the other hand, for symmetric kernels solutions exist globally

for K(j, k) < C( G*) (k*) + (¥) (k*)) (u, v < 2, p + v < 3), while existence is lost for K(j, k) > C j? (

B > 2). In the intermediate regime 3 < u + v < 4, we can only show local existence. We also present results

on EDP with the possibility of breakages from massive clusters. We show that the classical indefinite growth

trend is broken and the system approaches to an equilibrium even without the inclusion of a sink. (Received

September 23, 2018)

1145-34-1584 Arielle Gaudiello* (arielle@ucf.edu), 4393 Andromeda Loop N, Orlando, FL 32816,
and Zhisheng Shuai. Impact of Asymmetric Movement on the Spatial Spread of
Infectious Disease. Preliminary report.
Spatial heterogeneity and rates of movement can have a large impact in the dynamics of an infectious disease.
In this talk, we present an n-patch SIS model, incorporating both spatial heterogeneity and directed movement
between populations. We assume mass action incidence, and disease-induced death rates. New global stability
results are established utilizing a graph-theoretic approach and Lyapunov functions. Approximations for both the
disease-free equilibrium and basic reproduction number are determined as the diffusion of human individuals are
faster than the disease dynamics. Numerical simulations confirm validity of these approximations. (Received
September 23, 2018)

1145-34-1714 Yun Kang* (yun.kang@asu.edu), Sciences and Mathematics Unit, The Levin Center,
Arizona State University, AZ, and Jun Chen, Marisabel Rodriguez-Messan, Komi
Messan and Gloria DeGrandi-Hoffman. Modeling Population Dynamics of Honeybee:
Parasite, Disease and Nutrition.
Honeybees play an important role in sustaining our ecosystem. However, the rapid decline of honeybee population
have sparked a great concern worldwide. Many field and theoretical studies have shown that the collapsing of
honeybee colonies may be due to the infestation by the parasitic Varroa mite, the varied viruses that they
carry, and the nutritional effects due to global warming. This talk, we would provide our recent modeling work
combined with experimental data to explore how synergistic effects of parasite, diseases and nutrition on the
health of honeybee colonies. (Received September 24, 2018)
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1145-34-1722 Saurabh Tomar* (sauravtomar9793@gmail.com), Department of Mathematics, Indian
Institute of Technology, Kharagpur, Kharagpur, 721302, India, and R. K. Pandey
(rkp@maths.iitkgp.ernet.in), Department of Mathematics, Indian Institute of Technology,
Kharagpur, Kharagpur, 721302, India. Approzimate analytical solutions for a nonlinear
fourth-order differential equation with nonlinear boundary conditions. Preliminary report.

In this talk, we will discuss a nonlinear fourth-order two-point boundary value problem with nonlinear boundary

conditions involving third-order derivatives: modeling beams on elastic foundations. This kind of problem

occurs naturally in the study of deformations of elastic beams on elastic bearings. Furthermore, fourth-order
two-point boundary value problems are useful for material mechanics because the problems usually characterize
the deflection of an elastic beam. Our objective is to solve the problem by implementing an iterative method.

We notice that the existing iterative methods seem to be very slow in this case because of the nonlinearity in

the third order boundary point. The numerical results emphasize the effectiveness and high performance of the

iterative method and comparisons are made with the existing results and only a few numbers of iterations are
required to achieve high accuracy. The results reveal the efficiency and applicability of the method. (Received

September 24, 2018)

1145-34-1725 Krishna P Pokharel* (kpokhar@rockets.utoledo.edu). An Isospectral Flow on Banded
Matrices.

In this talk, we discuss an isospectral flow in the space of matrices, which deforms any given real banded matrix

with simple real spectrum to a symmetric matrix. The Lax flow is given by

= A7, Al AL

where brackets indicate the usual matrix commutator, [A, B] = AB—BA, AT is the transpose of A and the matrix
[AT, A, is the matrix equal to [AT, A] along diagonal and upper triangular entries and zero below diagonal. We
prove that if the initial condition Ag is banded matrix with lower bandwidth p = 2 and upper bandwidth ¢ = 0
with simple real spectrum and second subdiagonal elements different from zero, then lim;—, o A(t) exists, it is a
pentadiagonal symmetric matrix isospectral to Ag and it has the same sign pattern in the second subdiagonal
elements as the initial condition Ag. We provide some simulation results to highlight some aspects of this

nonlinear system. (Received September 24, 2018)

1145-34-1758 Seye E Adekanye* (seyeadekanye@gmail.com), 902 N. Market Street, Apt 901,
Wilmington, DE 19801. Developing Non-Standard Finite Difference (NSFD) Schemes for a
System of Coupled Second Order Differential Equations.
Many real world phenomena can be modeled by dynamical systems that describe the evolution of phenomena
over time. For example, the growth and decay equation models how a quantity changes over time. The transport
equation with a flux term models the flow of a particle through a given medium. The Airy equation models the
diffraction of light. Using the growth and decay equation, we can develop the foundation for an exact nonstandard
finite difference scheme (NSFD) which can preserve properties of the dynamical system into its discretization
(dynamical consistency). Some equations require the NSFD scheme to adhere to time and space step size
constraints. In this talk, we will show how to construct NSFD schemes for a system of coupled second order
differential equations that numerically outperform the traditional standard finite difference schemes. (Received
September 24, 2018)

1145-34-1763 Lingju Kong* (lingju-kong@utc.edu). Modeling online social network dynamics using
fractional order differential equations.

The use of social media has been spreading at an accelerated rate in the last decade. While the dynamics of online
social network have been studied using several models formulated via the integer order differential equations,
these models are local, fail to capture the memory of the system, and have some other deficiencies. The aim of
this study is to better understand the adoption and abandonment of a social network by utilizing a model of
fractional order differential equations. Various model properties such as existence, uniqueness, and stability will
be investigated. Moreover, numerical simulations are performed to confirm the theoretical results. (Received
September 24, 2018)

1145-34-1956 Tyler Meadows* (meadowta@mcmaster.ca), Marion Weedermann and Gail S.K.
‘Wolkowicz. Global analysis of a simplified model of anaerobic digestion and a new model
for the chemostat.

A. Bornhéft, R. Hanke-Rauschenbach, and K. Sundmacher, Steady-state analysis of the anaerobic digestion

model no.1 (ADM1), Nonlinear Dyn., 73 (2013), pp. 535-549 introduced a qualitative simplification to the

ADM1 model for anaerobic digestion. We obtain global results for this model by first analyzing the limiting
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system, a model of single species growth in the chemostat in which the response function is non-monotone
and the species decay rate is included. Using a Lyapunov function argument and the theory of asymptotically
autonomous Systems, we prove that even in the parameter regime where there is bistability, no periodic orbits
exist and every solution converges to one of the equilibrium points. (Received September 24, 2018)

1145-34-2006 Jeffrey W Lyons* (jwlyons@hawaii.edu), 2565 McCarthy Mall, University of Hawaii at
Manoa, Department of Mathematics, Honolulu, HI 96822, and Jeffrey T Neugebauer
(jeffrey.neugebauer@eku.edu), 521 Lancaster Avenue, Eastern Kentucky University,
Department of Mathematics, Richmond, KY 40475. Two Point Fractional Boundary Value
Problems with a Fractional Boundary Conditions.

In this presentation, we employ Krasnosel’skii’s Fixed Point Theorem to show the existence of positive solutions

of three different two point fractional boundary value problems with fractional boundary conditions. Also,

nonexistence results are given. (Received September 24, 2018)

1145-34-2105 Becky Sanft* (bsanft@unca.edu) and Anne Walter. A Data-Driven Approach to
Teaching Modeling with Differential Equations. Preliminary report.

There is an ongoing paradigm shift in how science is practiced and taught, from a strong disciplinary focus to
one of interdisciplinary approaches to address a question. One critical interface is that between mathematics and
biology, where differential equations have often been used to develop mechanistic models of biological phenomena.
In this talk we will describe case studies designed to actively engage students to use differential equations to
model biological systems. Each case study is motivated by a biological question and then guides students through
the steps of model formulation using differential equation models, parameter estimation, model validation, and
analysis. A distinguishing feature of these materials is that each case study uses data to drive the model
formulation and to estimate model parameters. These case studies help students see mathematical modeling
as an iterative process that helps scientists understand complex systems, make predictions, generate causal
explanations, and design new experiments. (Received September 24, 2018)

1145-34-2127 Qingkai Kong and Thomas E St. George* (tstgeorg@carrollu.edu). Linear
Sturm-Liouville Problems with Riemann-Stieltjes Integral Boundary Conditions.

In this talk, we consider second-order linear Sturm-Liouville problems involving general homogeneous linear

Riemann-Stieltjes integral boundary conditions. Conditions are obtained for the existence of a sequence of

positive eigenvalues with consecutive zero counts of the eigenfunctions. Additionally, interlacing relationships

between the eigenvalues of such Sturm-Liouville problems and those of Sturm-Liouville problems with certain

two-point separated boundary conditions are obtained. (Received September 24, 2018)

1145-34-2141 Christopher S. Goodrich* (cgoodrich@creightonprep.org), 7400 Western Ave.,
Omaha, NE 68114. Coercive Nonlocal Elements in Fractional Differential Equations.
I will discuss the use of coercive linear functionals in deducing existence results for fractional differential equations
with nonlocal boundary conditions. As a specific example of this methodology, I will consider the fractional
boundary value problem
—[Dyylt) = Af(tLy®),0<t <1
y@D(0)=0,0<i<n—2

[DF1y] (1) = H((y)),
wheren € Ny, n—1<v <n,a€[l,n—2], and XA > 0 is a parameter. I will demonstrate that by utilizing a new
order cone, one can generate existence results with minimal assumptions on the functions f and H. (Received
September 24, 2018)

1145-34-2144 Magdalena Czubak* (czubak@math.colorado.edu). Almost sure boundedness of iterates
for semilinear wave equations.

We study nonlinear wave equations in 2D with quadratic derivative nonlinearities with random initial data in

the energy space. We obtain a uniform time interval on which the Picard iterates of all orders are almost surely

bounded. This is in contrast to the deterministic results. (Received September 24, 2018)

1145-34-2146 Christine Sample* (samplec@emmanuel.edu), 400 Fenway, Boston, MA 02215, and
Joanna A Bieri. Engaging and supporting students as they explore mathematical
modeling in differential equations.

Introducing students to mathematical modeling in a first course in differential equations can be both rewarding

and challenging. In this talk, we will share our thoughts on how to engage and support students as they learn
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modeling methodology alongside differential equations. First, we will share ideas of modeling projects that are
interesting and relevant to undergraduates, such as wildlife conservation, zombie attacks, and environmental
crises. We will then discuss ways of supporting students through cooperative learning, grading rubrics, and
scaffolding of projects. Finally, we will stress the importance of providing opportunities for students to practice
communicating the methods and results of a mathematical model to a general audience. (Received September
24, 2018)

1145-34-2149 Vinodh kumar Chellamuthu* (vinodh.chellamuthu@dixie.edu), 225 South University
Avenue, St. George,, UT 84770, and Jisun Otterson. Modeling the Effects of Wolbachia
Transinfection and the Importance of Temperature in Dengue Epidemics. Preliminary
report.
Dengue is a mosquito-borne viral infection that is usually found in tropical and subtropical regions around the
world. The cycle of dengue transmission can be broken by infecting mosquitoes with Wolbachia bacterium,
which reduce the level of dengue virus in the mosquito and shorten the host mosquito’s lifespan. Several studies
have shown that infecting mosquitos with Wolbachia and releasing them (a process called Transinfection) can
spread this bacterium to the local mosquito population and mitigate the impact of the disease. A mathematical
model is developed to investigate how the strategy of using Wolbachia could reduce the spread of the Dengue
virus in human populations. The model also incorporates the local temperature data, which can affect the
procreation and growth of mosquitos. The model simulation results suggest that the Dengue fever outbreak
can be diminished by releasing a small number of Wolbachia-carrying mosquitos at the right time. (Received
September 24, 2018)

1145-34-2245 Quynh Nguyen* (nguyenqt@mail.uc.edu), 3300 Jefferson Avenue, Cincinnati, OH 45220,
and Nguyenho Ho. Mathematical Model of Dengue Fever with Vertical Transmission in
an Age-Structured Population. Preliminary report.

It has been known that Dengue virus is transmitted by Aedes aegypti, which causes dengue fever and dengue

hemorrhagic fever. The majority of the disease outbreaks occurs in tropical and subtropical countries including

those in Southeast Asia. In addition, the number of disease cases may be different depending on age groups.

Here, we propose an age-structured deterministic model to include juvenile and adult individuals for human host

while vertical transmission is considered for vector populations (aquatic and adult mosquitoes). The stability

of disease-free equilibrium and the reproduction number are analyzed and calculated. The model is used to
numerically study the data collected from the Southern Vietnam providences during the outbre