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Faraad M Armwood 

North Dakota State University 
Diffeomorphism Groups of 2-Manifolds and  

Diffeomorphism Groups as Invariants of Smooth Structures 
faraad.armwood@ndsu.edu 

 
The diffeomorphism groups of compact 1-manifolds have been studied extensively 
in the last 4-5 decades. In this document you'll see some open problems stated 
about them. There are some very recent works in this area but overall the area is 
quite fresh and seems increasingly very important (in my opinion, this area has a 
great future!). Among the compact two manifolds, the disc, the sphere and the torus 
are particularly interesting. 
 
Manifolds in dimension 1, 2 and 3 admit a smooth structure, in fact, such a smooth 
structure is unique (this is a non-trivial result, even for 2-manifolds). In dimension 4, 
all of a sudden, smooth structures may not always exist, and may not be unique. It 
is hard to find invariants of smooth structures, some well-known invariants (e.g. 
Seiberg-Witten invariants for symplectic 4 manifolds) are of deeply analytical nature 
and usually difficult to handle. Recently, it has been proved that non-diffeomorphic 
smooth manifolds would have non-isomorphic diffeomorphism groups. So 
algebraically, the group Diff(M) is an invariant of the smooth structure of M! This is 
an enormous justification for the study of Diff(M). 
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Caleb Bugg 

University of California, Berkeley 
Considering Preferences of Pedestrian and Bike Safety Models 

Using the Analytic Hierarchy Process 
caleb_bugg@berkeley.edu 

 
In this project, we seek to synthesize the priorities gained from the well-known 
decision making tool, the Analytic Hierarchy Process (AHP), and the output produced 
by regression analysis on models related to pedestrian and bike safety. The AHP falls 
into the category of Multi-objective Programming and Planning, a distinct discipline 
in Operations Research which has great use for the public sector. We hypothesize 
that a successful synthesis will increase the effectiveness of countermeasure 
practices for non-motorized safety by considering both the quantitative factors and 
qualitative judgments that affect the model.  
 
Therefore, an approach similar to the well-developed ridge regression will be 
employed, which systematically decreases the error common to regression analysis 
through the use of qualitative bias. Results thus far are formed from a system of 
linear differential equations that can be solved for optimum regression parameters. 
A benefit to this approach, then, would be the ability to analytically amend the 
regression in order to meet the main concerns of a chosen local, state, or federal 
government. 
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Sofia Carrillo 

Cornell University 
Analyzing the Revolving Door: The Effects of Age on Hospital 

Readmission Rates 
sec295@cornell.edu 

 
Each year, the government incurs an estimated cost of seventeen billion dollars 
from preventable hospital readmissions for Medicare patients. In order to reduce 
unnecessary costs for both hospitals and the government, and to improve the 
quality of health care for patients, analysis of arrival, treatment, and departure rates 
of the hospital via the Erlang re-entrance model aids in determining the optimal 
length of stay for a patient. By testing different probability functions with hospital 
patient data in a MATLAB simulation, an optimal control, essentially the differential 
equations of variables that will minimize a hospital’s cost function, determines the 
ideal amount of time a patient should stay in the hospital. Because different medical 
conditions affect varying age populations and have a fluctuating probability of 
readmission, the general model created allows input parameters from a specific 
disease, returning the optimal length of stay with respect to a patient’s age and 
medical condition. 
 
Because the model and programs created in this project are generalizable, the 
optimal length of stay for a patient of any age with any disease can be determined. 
With the current results, it is clear that once too many patients are entering a 
hospital, the levels of care are dramatically reduced, regardless of the age and 
condition of the patient. Thus, for only a short period of time, patients will receive 
better care, reducing their probability of readmission. As such, the effects of age on 
hospital readmissions become negligible when too many patients are entering the 
hospital, resulting in a standardized level of poorer treatment and higher 
probabilities of re-admission. 

mailto:cawaddel@ncsu.edu


 

 

  Twenty-Third Conference for African American Researchers in the Mathematical Sciences 
   CAARMS23 – University of Michigan, Ann Arbor MI, June 21-24, 2017 

Sidafa Conde 

University of Massachusetts Dartmouth 
Implicit-Explicit Strong Stability Preserving 

Runge-Kutta Methods with High Linear Order 
 sconde89@gmail.com 

 

High order strong stability preserving (SSP) time discretizations have been 
extensively used with spatial discretizations having nonlinear stability properties for 
the solution of hyperbolic PDEs. Explicit SSP Runge-Kutta methods exist only up to 
fourth order, and implicit SSP Runge-Kutta methods exist only up to sixth order. 
When solving linear autonomous problems, the order conditions simplify and this 
order barrier is lifted: SSP Runge-Kutta methods of any linear order exist. In this 
work, we extend the concept of varying orders of accuracy for linear and non-linear 
components to the class of implicit-explicit (IMEX) Runge-Kutta methods methods. 
We formulate an optimization problem for implicit-explicit (IMEX) SSP Runge-Kutta 
methods and find implicit methods with large linear stability regions that pair with 
known explicit SSP Runge-Kutta methods of orders plin = 3, 4, 6 as well as optimized 
IMEX SSP Runge-Kutta pairs that have high linear order and nonlinear orders p = 2, 
3, 4. These methods are then tested on sample problems to verify order of 
convergence and to demonstrate the sharpness of the SSP coefficient and the 
typical behavior of these methods on test problems.  
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Jessica Dorismond 

University at Buffalo 
Supermarket Optimization:  

Simulation Modeling and Analysis of a Grocery Store Layout 
jpdorism@buffalo.edu 

 
The purpose of this research is to utilize optimization and simulation modeling to 
yield an optimal supermarket layout. This is a study on how to optimize the layout 
of a supermarket in order to increase its gross profit via the maximization of impulse 
sales.  In most supermarkets many items often get unnoticed because on average 
customers only walk one-third of the store. Since customers use tangible products 
as a memory cues, increasing the visibility of certain items will prompt customers to 
purchase some of them.  Recent advances in marketing research reveal that 
encouraging customers to walk longer paths can often increase spending because 
they are exposed to more products. Retailers can then increase their sales by using 
the store layout—i.e., the design of the aisles and the product location—to extend 
the customers’ shopping paths and thus indirectly motivate them to purchase items 
that are not originally on their shopping list. 
 
In this study, we use a simulation model aimed to analyze the quality of different 
potential layouts by using variable neighborhood search. The main purpose of the 
simulation is to efficiently replicate the customer behavior, in order to accurately 
capture the customers flow in the supermarket. The simulation evaluates the layout 
by determining the visibility of the impulse items by predicting customer movement 
across the store, and using a shelf allocation model to give the generated layout a 
score.  Decision makers can use this simulation as a tool for identifying the optimal 
location of the different products.  
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Emmanuel Ekwedike 

Princeton University 
Dynamic Rate Queues for Efficient Staffing 

ekwedike@princeton.edu 
 
We propose a multi-server queuing model 𝑀𝑡 /𝐺/𝑆𝑡 /∞/𝐹𝐶𝐹𝑆  for the process of 
hospital bed-cleaning. The model has a nonhomogeneous Poisson arrival process 
(𝑀𝑡) with time-varying rate 𝜆(𝑡); service times with general distribution (𝐺); and a 
time-varying number of servers (𝑆𝑡). We estimate the Poison arrival intensity rate 
using nonparametric kernel density estimation and approximate the general 
cumulative service distribution using the empirical density estimation. Moreover we 
use an iterative staffing algorithm (ISA) to identify an appropriate minimum staffing 
level needed to maintain efficiency in the queueing system. Our method fits into the 
broader framework of indirect inference, where the proposed model serves as an 
auxiliary model to the true generating process. Finally, we provide numerical results 
using both synthetic data and real hospital bed cleaning data to illustrate the 
usefulness of our method. 
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Ethan Jackson 

American University 
The Basics of the Dyck Path and its Bijection Characteristics 

ninjakidethan@gmail.com 
 
A Dyck path is a staircase pattern that identifies point of origin and location on a 
graphical scale. This path obtains several characteristics and properties which 
involve constructions and proofs of bijections. Evidence present will reveal the 
relation between bounce and diagonal inversion of another path itself of the 
bijection. Internal depths into the characteristics of the paths bounce and inversion 
is important for the lead into the core understanding of the Dyck path. The result of 
the inclusion will create a clear vision leading to a conjecture along with proofs to 
closer examine the Dyck path’s area and possibilities. 
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Patrick Jefferson 

Harvard University 
Towards A Classification of 5d Superconformal Field Theories with 

Simple Gauge Algebra 
patrickjefferson@fas.harvard.edu 

 
We propose a new classification of five-dimensional superconformal field theories 
with minimal supersymmetry and a simple gauge algebra. By translating constraints 
on supersymmetry-protected quantities into bounds on the numbers of matter 
fields of these theories in the Coulomb phase, we are able to predict the existence 
of all known examples along with many new theories which thus far have not been 
discussed in the literature. We find that for gauge algebras equivalent to classical 
Lie algebras of large rank, the classification can be presented as several families of 
theories where the bounds on the matter fields grow linearly with the rank of the 
algebra. For Lie algebras with rank less than 9 we also find “exceptional” theories 
that do not conform to the large rank characterization and must therefore be 
studied on a case-by-case basis. 
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Marvin Q. Jones, Jr. 

Indiana University, Bloomington 
Analysis of the Recent Increase of HIV/AIDS Cases in Atlanta: 

Development of a Socioeconomic Model Using the 
Anderson and May HIV Model 

jonemarv@indiana.edu 
 
The CDC has stated recently that Atlanta has an HIV epidemic as a bad as third-world African 
countries. According to their analysis, 1 in 51 Georgians will be diagnosed with HIV in their 
lifetime. Moreover, Atlanta has the fifth highest rate of new HIV infections (2014). In terms of 
at risk populations, it is found that men who have sex with men possess a 1 in 6 risk of infection, 
while heterosexual men possessed a 1 in 473 risk. Gay black men in particular have a 1 in 2 risk 
of infection. The motivation of this work was to investigate and design a mathematical model 
that based on the original work of Anderson and May to understand socioeconomic dynamics 
for the recent cases of HIV.  In the new model, the parameters e representative of high school 

education/graduation percentage, , the poverty level percentage,   the rate of intravenous 

drug use and   which is a parameter for PrEP usage/availability, together with the Anderson 

and May Model and incorporated through the use of the symbol o give the model, 

 

    
 

where o = e+++ is the resource constraint parameter. When o = 1 or 0, the model reduces 
to the original Anderson and May Model. We developed basic analysis of the model including 
fixed points, proof of the non-negative solutions, equilibirium and phase plane analysis. The end 
goal of this work is to develop both mathematical, socioeconomic and biological 
implementations and pinpoint which parameters have the highest influence on the recent 
increase in HIV/AIDS cases. Using real data, it is hoped that we can model mathematically the 
current trends in HIV/AIDS increases in Atlanta that is stable and comparable with the model 
that predicted HIV/AIDS cases in the 1980’s in San Fransico.  

mailto:cawaddel@ncsu.edu
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Wainwright Joseph  

Highline College  
Probabilizing kth Order Generalized 

Fibonacci numbers and Arithmetic Trees 
 wjoseph@highline.edu  

 
The kth  order generalized Fibonacci numbers (also known as k-generalized Fibonacci 
number) are given by  

 

𝐹𝑛
(𝑘)

=  𝐹𝑛−1
(𝑘)

+  𝐹𝑛−2 
(𝑘)

+ ⋯ +  𝐹𝑛−𝑘
(𝑘)

       𝑛 ≥ 𝑘 

 

𝐹𝑛
(𝑘)

= 0                        0 ≤ 𝑛 ≤ 𝑘 − 2 

 

𝐹𝑘−1
(𝑘)

= 1 
 

There are significant applications of kth order generalized Fibonacci numbers in 
computer science and probability theory. For k = 2, we consider the following 

coding for the Fibonacci numbers  𝐹𝑛+2
(2)

∶  
 

ℱ𝑛 = binary strings of length n-2 with no two consecutive one’s. (𝑛 ≥ 2) 
 

Now  𝑃𝑛(𝑥) = 1/𝐹𝑛+2  is the uniform distribution on ℱ𝑛  and let 𝑋𝑖(𝑥) be the 𝑖𝑡ℎ bit 
of x. The paper, Probabilizing Fibonacci Numbers by Diaconis (Prop. 5), shows that 
the distribution of  𝑆𝑛 = 𝑋1 + ⋯ + 𝑋𝑛 is  
 

𝑃𝑛(𝑆𝑛 = 𝛼) =
(𝑛+1−𝛼

𝛼 )

𝐹𝑛+2 
             0 ≤ 𝛼 ≤ ⌊

𝑛+1

2
⌋ 

 
In other words, ∑𝑆𝑛 = 𝐹𝑛+2   and 𝑆𝑛 = 𝛼 correspond to an element of the shallow 
diagonal of the Pascal’s triangle. In this presentation we use arithmetic trees to 
show that this result can be extended to the kth order generalized Fibonacci numbers. 
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Austin Little 

Georgia Institute of Technology 
Numerical Approximations for 

Pollutant Transport in the Senegal River 
austinjlittle@gatech.edu 

 
Many computational challenges arise when modelling pollutant transport in a river 
due to irregular geometries of real geographical structures. Jagged boundaries can 
introduce unwanted artifacts, such as numerical instability and nonphysical 
solutions. In this research, pollutant transport in a river is simulated using a model 
for shallow water equations coupled with an equation for the concentration of a 
pollutant.  
 
The system of hyperbolic differential equations is implemented in MATLAB using a 
Lax-Friedrichs method that uses explicit finite differencing. Three approaches are 
considered to eliminate these unwanted artifacts. A mathematical approach 
involves applying a mapping from the original river geometry to a cartesian 
coordinate system and deriving the equations in the new coordinate system. 
Numerically, the issue could be addressed by modifying the numerical scheme to 
include ghost points. Physical considerations, such as adapting the physical 
parameters in the shallow water equations, are also discussed. The solutions are 
validated by comparison with solutions that are discretized on a fine grid. River 
geometry information from the Senegal River is extracted from graphical 
information systems (GIS) datasets. 

  



 

 

  Twenty-Third Conference for African American Researchers in the Mathematical Sciences 
   CAARMS23 – University of Michigan, Ann Arbor MI, June 21-24, 2017 

Nonhle Channon Mdziniso 

Central Michigan University 
Odd Pareto Families of Distributions for Modeling Loss Payment Data 

nonhlemdz@gmail.com  
 
A three-parameter generalization of the Pareto distribution is presented to deal 
with general situations in modeling loss payment data with various shapes in the 
density function. This generalized Pareto distribution will be referred to as the Odd 
Pareto family since it is derived by considering the distributions of the odds of the 
Pareto and inverse Pareto families.  
 
Various statistical properties of the Odd Pareto distribution are provided, including 
hazard function and moments. Loss payment data is used to illustrate applications 
of the Odd Pareto distribution. The method of maximum likelihood estimation is 
proposed for estimating the model parameters. 
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Cleveland Waddell 

North Carolina State University 
Early Termination in Parametric Linear System Solving and 

Rational Function Vector Recovery with Error Correction 

cawaddel@ncsu.edu 

 
Consider solving a black box linear system, A(u) x = b(u), where the entries are polynomials in u 
over a field K, and A(u) is full rank. The solution, x = 1/g(u)*f(u), where g is always the least 
common monic denominator, can be found by evaluating the system at distinct points in K. The 
solution can be recovered even if some evaluations are erroneous. In [Boyer and Kaltofen, Proc. 
SNC 2014] the problem is solved with an algorithm that generalizes Welch/Berlekamp decoding 
of an algebraic Reed-Solomon code. Their algorithm requires the sum of a degree bound for the 
numerators plus a degree bound for the denominator of the solution. It is possible that the 
degree bounds input to their algorithm grossly overestimate the actual degrees. We describe 
an algorithm that given the same inputs uses possibly fewer evaluations to compute the 
solution. 
 
We introduce a second count for the number of evaluations required to recover the solution 
based on work by Stanley Cabay. The Cabay count includes bounds for the highest degree 
polynomial in the coefficient matrix and right side vector, but does not require solution degree 
bounds. Instead our algorithm iterates until the Cabay termination criterion is reached. At this 
point our algorithm returns the solution. Assuming we have the actual degrees for all necessary 

input parameters, we give the criterion that determines when the Cabay count is fewer than 
the generalized Welch/Berlekamp count. Incorporating our two counts, we develop a combined 
early termination algorithm. We then specialize the algorithm in [Boyer and Kaltofen, Proc. SNC 
2014] for parametric linear system solving to the recovery of a vector of rational functions from 
its evaluations.  
 

Thus, if the rational function vector is the solution to a full rank linear system our early 
termination strategy applies and we may recover it from fewer evaluations than generalized 
Welch/Berlekamp decoding. If we allow evaluations at poles (roots of g) there are examples 
where the Cabay count is not sufficient to recover the rational function vector from just its 
evaluations. This problem is solved if in addition to indicating that an evaluation point is a pole, 
the black box gives information about the numerators of the solution at the evaluation point. 

mailto:cawaddel@ncsu.edu
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Robert Walker 

University of Michigan-Ann Arbor 
Uniform Symbolic Topologies in Conic Monomial Rings 

robmarsw@umich.edu 
 
Algebraic geometry (AG) and commutative algebra (CA) are major generalizations 
of linear algebra, fairly influential in mathematics. Since the 1980's with the 
development of computer algebra systems like Mathematica, AG and CA have been 
leveraged in areas of STEM as diverse as statistics, robotic kinematics, computer 
science/geometric modeling, and mirror symmetry. This talk will motivate the ideal 
containment problem in Noetherian rings that my dissertation attacks.  A 
commutative ring R is Noetherian if every ideal I is finitely generated. Given a prime 
ideal P in a Noetherian commutative ring R, there are two ways to define the powers 
of P: regular vs. symbolic. If P is generated by n elements, the Eth regular power PE 

of P is generated by up to nE elements in a manner similar to F.O.I.L. in K-12; thus 
algebraists find regular powers intuitive. Meanwhile, the symbolic powers P(E) of P 

are a collection of ideals--more technical to define, less intuitive--such that PE is 
contained in P(E) for all integers E>0.  When is it the case that for all positive integers 
N>0, there exists a positive integer E>0 such that P(E) is contained in PN?  
 
This ideal containment problem is quite hard and I attack it for conic monomial rings. 
Given any field K, a monomial ring over K is a K-vector space with ring structure, 
where the K-basis consists of Laurent monomials; a polynomial ring in finitely many 
variables over K is the simplest example. A monomial ring is conic if it can be 
constructed from a certain pairing of convex polyhedral cones in a Euclidean space-
-polynomial rings are conic. We show how to leverage basic data about these cones 
to solve a version of the containment problem: our solution is amenable to 
computer matrix algebra methods.  
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Derek Young 

Iowa State University 
Generalized Petersen Graphs for which the Maximum Multiplicity is 

equal to the Zero Forcing Number 
ddyoung@iastate.edu 

           
The maximum nullity of a simple graph G, denoted M(G), is defined to be the largest 
possible nullity over all symmetric real matrices whose i,j th entry is nonzero exactly 
when {i,j} is an edge in G for 𝑖 ≠ 𝑗 , and the i,i th entry is any real number. The zero-
forcing number of a simple graph G, denoted Z(G), is the minimum number of blue 
vertices needed to force all vertices of the graph blue by applying the color change 
rule. It is known that M(G) ≤  Z(G). The motivation for this research is the 
longstanding question of characterizing graphs G for which M(G) = Z(G). Specifically, 
we focused on a family of graphs called the Generalized Petersen Graphs. We were 
able to identify two subfamilies of this larger family that have the desired property. 
However, to possibly expand our results to the entire family more effective tools 
with regards to maximum nullity will need to be developed. 
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