Abstracts of Past JIMU REU Projects

e Title. Bayesian Multiple Comparisons for Treatments with a Con{2fl07)

Students. Christopher R. Dienes (Montana Tech University) and Dustin B.
Hevener (JMU)

Mentor. Kane Nashimoto

Abstract. Comparison ok treatment means with a control mean is consid-
ered. In this setting, the pioneering work by Dunnett is well known.
We propose both two-sided and one-sided multiple-comparison pro-
cedures using a Bayesian hierarchical model. We parameterize each
treatment mean as the control mean plus the effect due to the treat-
ment. The effect parameter has a mixture prior with a point mass at
zero and a continuous density. For each pairwise comparison, infer-
ence about mean inequality is based on the posterior probability of no
effect. Though the proposed method is more conservative than the fre-
guentist counterpart, it flexibly accommodates heterogeneity of vari-
ances and unequal sample sizes. Further, the model can be utilized
in many areas of applied research, where treatments vs. control is of
primary interest.

e Title. An Evaluation of Hidden Markov Models for the Analysis of Binding
Events in Proteing2007)

Students. Rachel Louise Bayless (Wheaton College) and Alexandra Noe-
lani Menton (University of Maryland, Baltimore County)

Mentor. D. Brian Walton

Abstract. Researchers have developed various experimental methods to
better understand ligand-receptor binding. We provide a means of
joining a statistical model with an experiment to assess how well a
model, given parameter values, describes the experimental observa-
tions. Our models estimate on and off rates for a dumbbell assay of
actomyosin binding and construct the sequence of binding events be-
tween actin and myosin that best matches the observations. We expand
upon the analysis of the variance hidden Markov method, first imple-
mented by Smith et al., 2001, which considers the variance of obser-
vations over windows of data rather than the original displacements.
We then introduce a more detailed analysis that operates directly on
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the displacement record. This model utilizes all possible given infor-
mation and thus yields a more detailed description of binding events.
Finally, we compare the performance of these models using simulated
data.

e Title. Alexander Polynomials of Central Braid Kno{2007)

Students. Nathan Brothers (UNC Asheville) and Sean Evans (Millersville
University)

Mentors. Laura Taalman and Leonard Van Wyk

Abstract. Central braid knots are a new class of periodic knots. The talk
will start with a brief introduction to knot theory and then discuss prop-
erties of central braid knots, including their crossing matrices, Alexan-
der matrices, and Alexander polynomials.

e Title. The Genus and m-alternating Excess of Central Braid Ki{@®07)

Students. Debra Witczak (Benedictine University) and Carolyn Yarnall (Uni-
versity of San Diego)

Mentors. Laura Taalman and Leonard Van Wyk

Abstract. We define a new class of braid knots called central braid knots.
Using the degree of the Alexander polynomial, we provide a formula
for the genus and a bound on the crossing number for any central
braid knot. The crossing number bound leads to a bound on the m-
alternating excess of central braid knots.

e Title. Analysis of a Lotka-Volterra Competition Model with a Non-Linear
Relationship Between Spad@05)

Students. Austin Taylor (University of Alabama) and Amy Vess (JMU)
Mentor. James Liu

Abstract. We consider a modified Lotka-Volterra competition model, which
incorporates a non-linear relationship representing the interaction be-
tween species. The qualitative properties of this system are studied
and compared to the qualitative properties of the classic Lotka-Volterra
competition equations. We obtain results suggesting that these qualita-
tive properties are similar with slight differences allowing the modified
model to be a better representation of some biological situations.



e Title. The Isoperimetric Numbers of Block Design Gragh305)

Students. Christopher Miller (Fairfield University) and Amber Russell (Mis-
sissippi State University)

Mentor. Jason Rosenhouse

Abstract. The isoperimetric number of a graph is a measure of the graph’s
connectedness. It finds numerous applications in mathematics and
computer science. In this talk, we will obtain new upper and lower
bounds on the isoperimetric numbers for graphs associated to block
designs. We will focus particularly on the special cases of finite pro-
jective and affine planes.

e Title. Comparing Ratio Estimators Based on Systematic Sanipesb)

Students. Amy Jacks (University of Missouri - Rolla) and John Szarka
(IMU)

Mentor. Hasan Hamdan

Abstract. The purpose of this study is to evaluate two competitive ratio es-
timators, often called the mean of ratios and ratio of means, when a
systematic sample of size n with a random start is used. For example,
in stereology this might be the ratio by volume of mitochondria in a
liver cell or the proportion of a mineral in a sample of a rock. Since
there is no explicit formula for the variance of a ratio estimator in such
cases, several current variance estimators are presented and compared
using simulated objects. Two new approaches are also suggested. The
first new method is basically a bootstrap estimate using a non-linear
additive regression technique. A Monte-Carlo simulation is done us-
ing the predicted values from the fitted model to find estimates for the
variances. The second method is based on finding the best linear unbi-
ased estimator of the slope assuming a non- constant variance. These
new approaches seem to have high accuracy and to behave very well
in terms of variance and bias or mean square error.

e Title. Size and Difficulty of Mass Probler{2005)

Students. Justin Palumbo (Rutgers University) and Andre Kornell (Prince-
ton University)

Mentor. Elizabeth Brown



Abstract. Muchnik and Medvedev reducibility are equivalence relations
between mass problems, or sets of functions, of similar computational
difficulty. In this talk we will discuss notions of the size of a mass
problem, namely the properties of smallness, cardinality, and a new
property, d-smallness. We will present some results on the relation-
ship between the difficulty of a mass problem and its size under these
notions.

e Title. p-Coloring Classes of Torus Kno28004)

Students. Anna-Lisa Breiland, Willamette College and Layla Oesper, Pomona
College

Mentor. Laura Taalman

Abstract. We develop a theorem for determining tpeolorability of any
(m,n) torus knot. We also prove that arprcolorable (m,n) torus
knot has exactly ong-coloring class. Finally, we show that every
p-coloring of the braid projection of afm, n) torus knot must use alll
of the p colors.

e Title. Analysis for Intracranial Saccular Aneurysms: I. Nonlinear anisotropic
biomechanical model, Il. Fast, adaptive, and accurate computational
algorithm, and Ill. scientific visualizatior(2004)

Students. James Collins, James Madison University and Matthew Watts,
James Madison University

Mentor. Paul Warne

Abstract. Biomechanical modeling has great potential to contribute to and
improve the requisite diagnostic and therapeutic capabilities of health
care. Arterial wall mechanics is particularly crucial not only for the
understanding of blood circulatory physiology but also for analyz-
ing the mechanisms of vascular disorders. Nonlinear continuum me-
chanics is an excellent framework for formulating mathematical mod-
els that can accurately capture the complex behavior of biological
soft tissues. Among other vascular disorders, intracranial saccular
aneurysms have received attention as an open problem that merits in-
creased research. A simple dynamic deformation studied by the con-
tinuum biomechanics community is one of uniaxial stretch in the radial
direction. Using the approximations of membrane theory for example,



Humphrey et al. study this problem assuming the wall of the sphere
to be infinitesimally small. Instead, we study this problem for a finite,
thin-walled sphere using the fully three-dimensional exact governing
eqguations of nonlinear elasticity. The dynamics of our intracranial sac-
cular aneurysm model are compared for three different material mod-
els: a classic neo- Hookean elastic strain energy, a simple Fung strain
energy often used in modeling biological tissues, and a new strain en-
ergy capturing anisotropy of a radially fiber-reinforced material that
suggests ways to control the growth of the aneurysm. Such modeling
of physical and biological problems generally leads to complicated
ODE-BVPs, unable to be solved analytically. Thus, accurate, effi-
cient, and adaptable numerical methods are critical, especially since
singularities and bifurcation phenomena are common. As accuracy
can be significantly compromised near a singularity for many predom-
inant nonlinear ODE numerical solution algorithms (e.g., Runge-Kutta
based methods), here we also incorporate a tractable new algorithm
(Algebraic-Maclaurin-Pa&l (AMP)) that approximates the solution to

an ODE system by the Padpproximant at each step, and can pro-
duce much better accuracy in far less time near a singularity. We also
develop adaptive time-stepping for the AMP method, using the error
calculated from the P&kpproximant, allowing for shorter calculation
time while maintaining the same accuracy as with fixed time-stepping.
Finally, we develop animations of the aneurysm dynamics from our
computed numerical data.

e Title. One Regularity of Cayley grapl{2004)

Students. Mary Balmes, St. Joseph'’s College and Jaclyn Kaminski, Xavier
University

Mentor. Jason Rosenhouse

Abstract. The problem of finding highly symmetric graphs is almost as
old as graph theory itself. We considered the problem of finding ex-
amples of one-regular Cayley graphs, meaning they are arc-transitive
and each arc has a trivial arc-stabilizer. The first known cubic one-
regular graph was found in 1952 by Frucht, and we examined his
construction in detail. More recently Kwak and Oh found a method
for constructing one- regular Cayley graphs of any even valency, and
we considered their method as well. Examples of one-regular Cayley
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graphs of odd valency are harder to come by. We discovered several
properties any such graph must satisfy. We also considered direct and
semi-direct products of groups, and discovered certain properties such
groups must have if they are to give rise to one-regular Cayley graphs.

e Title. Using Scale Mixtures of Normals to Model Continuously Compounded
Return(2004)

Students. Kristen Dardia, James Madison University and Melanie Wilson,
Allegheny College

Mentor. Hasan Hamdan

Abstract. In this paper, a new method for es timating the parameters of
scale mixtures of normals is presented. The new method is called
UNMIX and is based on minimizing the weighted square distance be-
tween exact values of the density of the scale mixture and estimated
values using kernel smoothing techniques over a prespecified grid of
x-values and a grid of potential sigma values. Applications of the
method are made in modeling the continuously compounded return
of stock prices. Modeling this ratio with UNMIX proves promising
in comparison with other existing techniques that use only one normal
component, or those that use more than one component based on the
EM algorithm as the method of estimation.

e Title. Pretzel knots and colorabilit{2003)

Students. Kathryn Brownell, Lenoir-Rhyne College and Kaitlyn O’Neil,
Merrimack College

Mentor. Laura Taalman

Abstract. We develop a formula for determining the number of fundamen-
tally different ways that am-colorable knot can bercolored, based
on them-nullity of the knot. We then determine tma-nullity of any
(p,q,r) pretzel knot, and thus a way to determine theolorability
and number of fundamentally differemtcolorings of any pretzel knot.

e Title. k-alternating knot¢2003)

Students. Philip Hackney, Central Michigan University and Nathan Wal-
ters, Drake University

Mentor. Leonard Van Wyk



Abstract. A projection of a knot ik-alternatingif its overcrossings and
undercrossings alternate in groupskadis one reads around the pro-
jection (an obvious generalization of the notion of an alternating pro-
jection). More generally, a projection\werepeatingf, rather than al-
ternating in groups ok, the crossings follow any pattern whatsoever.
We show every knot that admitskaalternating projection also admits
a (k+ 1)-alternating projection, and that every knot that admitg-a

repeating projection admitskaalternating projection fok < @ We

also prove the surprising result that every knot admits a 2-alternating
projection, which partitions nontrivial knots into two classes: alter-
nating and 2-alternating. Finally, we explore the notion of khe
alternating excesef a knot, the difference between the smallest num-
ber of crossings in &-alternating projection of the knot and its cross-
ing number.

e Title. Pacé approximates for torsion of a compressible nonlinearly elastic
cylinder: modeling, computation, and visualizati®903)

Students. Danielle Miller, James Madison University and Jennifer Salyer,
East Tennessee State University

Mentors. Debra Warne and Paul Warne

Abstract. The boundary-value problem (BVP) resulting from the equations
of nonlinear elastostatics for torsion of a circular cylinder for a class
of general Blatz-Ko materials involves a nonlinear, singuléf, &-
der ordinary differential equation for the radial deformation with non-
standard boundary conditions. Using a new computational approach
to project the BVP to a polynomial system, we are able to compute
the MacLaurin coefficients of the solution to any degree and then ac-
curately solve for the radial deformation by numerically creating its
Pack approximation. Significant improvements in both accuracy and
efficiency are shown for the new method compared with the standard
Runge- Kutta algorithm. Animations are created to show 3-D visual-
izations of the torsional deformation of the cylinder.

e Title. Statistical methods for rough QTL analy$&03)

Students. Mark J. Giganti, University of Missouri and Nathan A. Johnson,
College of William and Mary

Mentor. Steven Garren



Abstract. Most methods for the identification of quantitative trait loci (QTLS)
employ a parametric approach which assumes the normality of the
phenotype distribution. However, most applications of QTL analysis
do not have normally distributed phenotypes. In this research, we com-
pare different parametric and nonparametric approaches to both single
marker and paired marker selection analysis. A simulation study is
conducted to compare the prediction errors for each method.

e Title. Notes on the structure ofZ (2002)

Students. Erin Corman, Keene State College and Rebecca Dolphin, Mary
Washington College

Mentor. Leonard Van Wyk

Abstract. The pure symmetric automorphism group,,Pconsists of those
automorphisms of the free group argenerators that take each stan-
dard generator to a conjugate of itself. We give presentations for ker-
nels of homomorphisms3R — 7Z where each standard generator is
sent to either 0 or 1, and provide explicit generators (as words in the
standard generators) when those kernels are finitely generated. In ad-
dition, we provide recursive constructions of the defining graphs of the
graph groups associated witk

e Title. The Modified Picard-Pa&l Approximation Method for Singular Non-
linear Boundary Value Problem(2002)

Students. Todd Svitzer, James Madison University and Jeff Evey, James
Madison University

Mentors. Debra Warne and Paul Warne

Abstract. Many predominant numerical algorithms used to approximate
solutions of nonlinear boundary-value problems (BVPs) have a Runge-
Kutta foundation. A shooting algorithm using a foundation of the Pi-
card method can potentially produce better accuracy in less time near
a singularity. This also produces an effective numerical technique for
BVPs, as it numerically generates and stores the coefficients of the
Taylor polynomial of the solution at each step for each term of the
series, using a simple progression of Cauchy products. The Taylor
coefficients are then used to numerically create the coefficients of a
rational polynomial Pa&l approximation to the solution at each step



for singular BVPs. Our modified Picard-Radlgorithm allows for a
smaller number of steps as the solution marches toward the singularity
and provides a simple manner in which to increase (or decrease) the
order of the algorithm during the computation, resulting in general in
a more accurate solution nearby and at the singularity. We first de-
velop the method theoretically and then demonstrate it for a singular
test problem which is compared against a standard Runge-Kutta pro-
cedure. Singular nonlinear BVPs modeling cavitation (void formation
in solids) in finite elasticity are also examined numerically.

e Title. Asymptotic analysis of finite deformation in a nonlinear transversely
isotropic incompressible hyperelastic half-space subjected to a tensile
point load(2002)

Student. Ethan Coon, University of Rochester
Mentors. Debra Warne and Paul Warne

Abstract. The Boussinesq problem, that is, determining the deformation
in a hyperelastic half-space due to a point force normal to the bound-
ary, is an important problem of engineering, geomechanics, and other
fields to which elasticity theory is often applied. While linear solutions
produce useful Green’s functions, they also predict infinite displace-
ments and other physically inconsistent results nearby and at the point
of application of the load where the most critical and interesting mate-
rial behavior occurs. To illuminate the deformation due to such a load
in the region of interest, asymptotic analysis of the nonlinear Boussi-
nesq problem has been considered in the context of isotropic hyper-
elasticity. Studies considering transversely isotropic materials have
also been broadly used in the linear theory, but have not been treated
within the nonlinear framework. In this paper we extend the nonlin-
early elastic isotropic analysis to transverse isotropy, producing a more
general theory which also better encompasses applications involving
layered media. The governing equations for nonlinearly elastic, trans-
versely isotropic solids are derived, conservation laws of elastostatics
are invoked, asymptotic forms of the deformation solutions are hy-
pothesized, and the differential equations governing deformation near
the point load are determined. The analysis also develops sequences of
simple tests to determine if a transversely isotropic material can pos-
sibly sustain a finite deflection under the point load. The results are



applied to a variety of transversely isotropic materials, and the effects
of the anisotropy considered is demonstrated by comparison of the re-
sulting deformation with similar asymptotic solutions in the isotropic
theory.

e Title. Improved estimation of location parameters for Laplace and geomet-
ric distributions under order restriction&002)

Students. Elizabeth R. Hume, Longwood University and Glen R. Leppert,
James Madison University

Mentor. Steven Garren

Abstract. Suppose a tree order restriction is assumed on the location pa-
rameters of a Laplace distribution, such that the populations are in-
dependently sampled. We develop an isotonic regression estimator
which improves on the unrestricted estimator of the smallest location
parameter in terms of mean squared error. However, the isotonic re-
gression estimator fails to stochastically dominate the unrestricted es-
timator, as illustrated by a counterexample. Similar results are shown
for estimating the unknown parameter of a geometric distribution un-
der order restrictions.
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