Abstractsof Past IMU REU Projects

e Title. What Moves You: Using Legs for Vehicular Transportati@®09)

Students. Jonathan Graf (Towson University) and Olga Stulov (SUNY New
Paltz)

Mentor. Jim Sochacki

Abstract. Most vehicles are transported by the rotation of wheels. The
Department of Mathematics and Statistics and Departmefingi-
neering are interested in developing vehicles that will ixeeth by the
motion of legs rather than wheels. In this talk we discusatio&on
of five different legs: first, we derive the equations of motfor each
leg; second, we calculate the equations for velocity, &agbn, en-
ergy and power; third, we optimize the motion by minimizimgegies
and forces. In order to obtain these results, we developéteasttial
equation, solved it using the Parker-Sochacki Method aached the
optimal solution using Maples minimization package.

e Title. Diversions: Sudoku, Shidoku, and ... Grobner Bases? Arbfdge
& computer Systems Approach to Counting BodR&(09)

Students. Katharina Carella (Ithaca College) and Matt Menickelly &
University)

Mentor. Elizabeth Arnold

Abstract. We investigate various counting proofs for Shidoku boartt$ a
related variants, such as the number of possible solutiandsdrom
incomplete puzzles. We also look into the algebraic grougpvee
from symmetries of Shidoku boards. We use these group isomor
phisms to classify all possible numbers of solutions frosomplete
puzzles. We use Grobner Basis representations of Shidakisan
doku to obtain these results. We provide a complete claassdit of
all the possible number of solutions that can result fronomplete
Shidoku puzzles.

e Title. Improved One-Sample Confidence Interval and Multiple Caompa
isons of Binomial Proportion§009)

Students. Kristin Haldeman (Cal State Long Beach) and Christophetr Tai
(Hampden-Sydney College)
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Mentor. Kane Nashimoto

Abstract. We study confidence intervals and tests of hypotheses involv
ing binomial proportions. In the first part of the study, weaemne
one-sample confidence intervals. The commonly used Wadaiait
suffers severe undercoverage. The Score interval perfarore fa-
vorably. The Agresti and Coull interval (1998), which udes tadd 2
method,” shows overcoverage. We propose a modification oé#tg
and Coull that has more uniform coverage probabilities @avernde
range of true proportions. In the second part of the studycamsider
comparisons ok independent proportions. In this context, Agresti
et al. (2008) show that pairwise comparisons using the Stumssl
range distribution work better than the comparisons udegWald
or Score methods with Bonferroni adjustments. We proposeva n
2-stage method of multiple comparisons (global test foldwy pair-
wise comparisons). Simulation results show that our meithodore
powerful than most of the existing methods and that it kekpgami-
lywise error rate near the nominal level.

e Title. Distance Functions and Attribute Weighting in a k-NearestgN-
bors Classifier with an Ecological Applicatio(2009)

Students. Alylssa Frazee (St. Olaf College) and Matthew Hathcock (Wen
State University)

Mentor. Samantha Prins

Abstract. To assess environmental health of a stream, field, or otlter ec
logical "object,” characteristics of that object should dmmpared to
a set of reference objects known to be healthy. Using streaigb-
jects,” we propose a k-nearest neighbors algorithm (Bates Rnd
Smith, 2006) to find the appropriate set of reference streéamse as
a comparison set for any given test stream. Previouslystigegions
of the k-nearest neighbors algorithm have utilized a vaoétistance
functions, the best of which has been the Interpolated \V2ltierence
Metric (IVDM), proposed by Wilson and Martinez (1997). Weopr
pose two alternatives to the IVDM: Wilson and Martinez’s \dinved
Value Difference Metric (WVDM) and the Density-Based ValDi-
ference Metric (DBVDM), developed by Wojna (2005). We exten
the WVDM and DBVDM to handle continuous response variables a
compare these distance measures to the IVDM within the gmalb
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k-nearest neighbors context. Additionally, we compareal éxisting
attribute weighting schemes (Wojna 2005) when applieded\WbM,
WVDM, and DBVDM, and we propose a new attribute weighting
method for use with these distance functions as well. Insz&sg
environmental impairment, the WVDM and DBVDM were slight-im
provements over the IVDM. Attribute weighting also incredghe
effectiveness of the k-nearest neighbors algorithm in éleislogical
setting.

e Title. Higher Order Tensor Operations and Their Applicatio(2008)

Students. Scott Ladenheim (Syracuse University) and Emily Miller €Th
College of New Jersey)

Mentor. Carla Martin

Abstract. A tensor, which can be considered as n-dimensional arrays of
data can be manipulated in a similar manner to matrices, hwduie
considered to be 2-dimensional data arrays. We define tHegmes
operations of addition, multiplication, invertibility dntransposition
for tensors in such a way that the setrok n x n invertible tensors
form a group under addition and multiplication. From thesappr-
ties, we develop the definition of the Singular Value Decosiljan
(SVD) for a tensor. We utilize the tensor SVD in two applioat:
The first uses the tensor SVD to obtain a low rank approximatifca
video file. This results in a file of reduced size, but witholbss in
the original video’s quality. The second application is adharitten
digit recognition algorithm. When given a sample digit, gigorithm
recognizes and returns the correct value of the input digit.

e Title. Numerical Evidence on the Uniform Distribution of Power idass
for Elliptic Curves (2008)

Students. Jeffrey Hatley (The College of New Jersey) and Amanda Hittso
(Bryn Mawr College)

Mentor. Jason Martin

Abstract. Elliptic curves, which lie in the intersection of number ding
algebra, and geometry, are the subject of much researclo dageral
amazing properties they possess. This talk develops the theory
of elliptic curves and presents an interesting theorentingja cer-
tain family of elliptic curves and the distribution of prinmembers.
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New data, which supports the veracity of an analagous cumgeand
which was collected during the summer REU program, is al&s pr
sented.

e Title. Exploring Male Dimorphism in the Dung Beetle using a Diseret
time Stochastic Population Mod€2008)

Students. Phillip Andreae (Emory University), Adam Falk (Grand Valle
State University), Theresa Klinkhammer (Saint Mary's €g#) and
Sarah Mecholsky (Agnes Scott College)

Mentors. Anthony Tongen and Brian Walton

Abstract. Certain dung beetle species that belong to the genus Ordahoph
gus display an interesting behavioral and physical maleodpmsm,
with populations split between horned and hornless mald@simipli-
cations for reproductive behavior. We have developed sévearia-
tions of a discrete time stochastic population model toysth$ male
dimorphism and determine if there exists an optimal styategdivid-
ing a population between horned and hornless males. By adomgpa
two subpopulations, each of which is characterized by degfyawe
can determine the probability that an individual in the rgexteration
would belong to a particular subpopulation and inherit teespond-
ing particular strategy. We will present our results thaivglthat we
can find an optimal strategy using adaptive dynamics forimgrgn-
counter rates, sperm potency, and body size.

e Title. Bayesian Multiple Comparisons for Treatments with a Cdn{&®07)

Students. Christopher R. Dienes (Montana Tech University) and DuBtin
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 vielbwn.
We propose both two-sided and one-sided multiple-companso-
cedures using a Bayesian hierarchical model. We parameteach
treatment mean as the control mean plus the effect due todhe t
ment. The effect parameter has a mixture prior with a poirgsve
zero and a continuous density. For each pairwise comparistar-
ence about mean inequality is based on the posterior pridgaifino



effect. Though the proposed method is more conservativetheafre-
guentist counterpart, it flexibly accommodates heteroigeoé vari-
ances and unequal sample sizes. Further, the model canlizeduti
in many areas of applied research, where treatments vstot@bf
primary interest.

e Title. An Evaluation of Hidden Markov Models for the Analysis ofdsiry
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 t
better understand ligand-receptor binding. We provide amaeof
joining a statistical model with an experiment to assess hal a
model, given parameter values, describes the experimebsarva-
tions. Our models estimate on and off rates for a dumbbetlyasé
actomyosin binding and construct the sequence of bindiegtewe-
tween actin and myosin that best matches the observatiomex@gand
upon the analysis of the variance hidden Markov method,ifirpte-
mented by Smith et al., 2001, which considers the varianadbsér-
vations over windows of data rather than the original dispihaents.
We then introduce a more detailed analysis that operatesthjiron
the displacement record. This model utilizes all possiblerginfor-
mation and thus yields a more detailed description of big@ivents.
Finally, we compare the performance of these models usinglated
data.

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

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

Mentors. Laura Taalman and Leonard Van Wyk

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

e Title. The Genus and m-alternating Excess of Central Braid Kr{@&07)
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Students. Debra Witczak (Benedictine University) and Carolyn Yar(ahi-
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 providerenfda
for the genus and a bound on the crossing number for any tentra
braid knot. The crossing number bound leads to a bound on the m
alternating excess of central braid knots.

Title. Analysis of a Lotka-Volterra Competition Model with a Noindar
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 modelickh
incorporates a non-linear relationship representingritexaction be-
tween species. The qualitative properties of this systesrsardied
and compared to the qualitative properties of the clasdikd-dolterra
competition equations. We obtain results suggesting tiesit qualita-
tive properties are similar with slight differences allogithe modified
model to be a better representation of some biological thitius

Title. The Isoperimetric Numbers of Block Design Grafi2&05)

Students. Christopher Miller (Fairfield University) and Amber Rudg&is-
sissippi State University)

Mentor. Jason Rosenhouse

Abstract. The isoperimetric number of a graph is a measure of the ggaph’
connectedness. It finds numerous applications in mathesnatid
computer science. In this talk, we will obtain new upper amadr
bounds on the isoperimetric numbers for graphs associatetbtk
designs. We will focus particularly on the special casesrofdipro-
jective and affine planes.

Title. Comparing Ratio Estimators Based on Systematic Sanip0€b)

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

Mentor. Hasan Hamdan



Abstract. The purpose of this study is to evaluate two competitiveras
timators, often called the mean of ratios and ratio of meamgn a
systematic sample of size n with a random start is used. Fomple,
in stereology this might be the ratio by volume of mitochaadn a
liver cell or the proportion of a mineral in a sample of a ro&ince
there is no explicit formula for the variance of a ratio estior in such
cases, several current variance estimators are presertesbapared
using simulated objects. Two new approaches are also sieggdhe
first new method is basically a bootstrap estimate using alinear
additive regression technique. A Monte-Carlo simulat®done us-
ing the predicted values from the fitted model to find estimé&te the
variances. The second method is based on finding the begt linbi-
ased estimator of the slope assuming a non- constant varidinese
new approaches seem to have high accuracy and to behave ekry w
in terms of variance and bias or mean square error.

e Title. Size and Difficulty of Mass Probler{005)

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

Mentor. Elizabeth Brown

Abstract. Muchnik and Medvedev reducibility are equivalence relagio
between mass problems, or sets of functions, of similar caatjpnal
difficulty. In this talk we will discuss notions of the size afmass
problem, namely the properties of smallness, cardinadity] a new
property, d-smallness. We will present some results on eleion-
ship between the difficulty of a mass problem and its size utigese
notions.

e Title. p-Coloring Classes of Torus Kno8004)

Students. Anna-Lisa Breiland, Willamette College and Layla OespemBna
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 all
of the p colors.



e Title. Analysisfor Intracranial Saccular Aneurysms: I. Nonlin@aisotropic
biomechanical model, Il. Fast, adaptive, and accurate cotafonal
algorithm, and lll. 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 contriboitantd
improve the requisite diagnostic and therapeutic capadslof health
care. Arterial wall mechanics is particularly crucial naotlyfor the
understanding of blood circulatory physiology but also &oralyz-
ing the mechanisms of vascular disorders. Nonlinear contmme-
chanics is an excellent framework for formulating mathecahimod-
els that can accurately capture the complex behavior obbgichl
soft tissues. Among other vascular disorders, intractasaacular
aneurysms have received attention as an open problem thig me
creased research. A simple dynamic deformation studietidogan-
tinuum biomechanics community is one of uniaxial stretcimeradial
direction. Using the approximations of membrane theorgf@mple,
Humphrey et al. study this problem assuming the wall of tHeesp
to be infinitesimally small. Instead, we study this problemd finite,
thin-walled sphere using the fully three-dimensional éxpwerning
equations of nonlinear elasticity. The dynamics of ourdatanial sac-
cular aneurysm model are compared for three different nahteod-
els: a classic neo- Hookean elastic strain energy, a simpig Btrain
energy often used in modeling biological tissues, and a ninsen-
ergy capturing anisotropy of a radially fiber-reinforcedtenel that
suggests ways to control the growth of the aneurysm. Suctelimgd
of physical and biological problems generally leads to clcaged
ODE-BVPs, unable to be solved analytically. Thus, accyraff-
cient, and adaptable numerical methods are critical, éspesince
singularities and bifurcation phenomena are common. Asracy
can be significantly compromised near a singularity for njaneglom-
inant nonlinear ODE numerical solution algorithms (e.ginge-Kutta
based methods), here we also incorporate a tractable nerithtg
(Algebraic-Maclaurin-Padé (AMP)) that approximates siodution to
an ODE system by the Padé approximant at each step, and @an pr
duce much better accuracy in far less time near a singul&ki¢yalso
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develop adaptive time-stepping for the AMP method, usirgetror
calculated from the Padé approximant, allowing for sharaéculation
time while maintaining the same accuracy as with fixed titegsing.
Finally, we develop animations of the aneurysm dynamicefour
computed numerical data.

e Title. One Regularity of Cayley grapi{a004)

Students. Mary Balmes, St. Joseph’s College and Jaclyn Kaminski, &avi
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 rligaix-
amples of one-regular Cayley graphs, meaning they araamnsitive
and each arc has a trivial arc-stabilizer. The first knowncobe-
regular graph was found in 1952 by Frucht, and we examined his
construction in detail. More recently Kwak and Oh found amoeit
for constructing one- regular Cayley graphs of any evennggleand
we considered their method as well. Examples of one-re@idatey
graphs of odd valency are harder to come by. We discoveredalev
properties any such graph must satisfy. We also considerect dnd
semi-direct products of groups, and discovered certaipggties such
groups must have if they are to give rise to one-regular Gayiaphs.

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

Students. Kristen Dardia, James Madison University and Melanie Wil|so
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 iedcal
UNMIX and is based on minimizing the weighted square distdre-
tween exact values of the density of the scale mixture anchattd
values using kernel smoothing techniques over a prespegjfid of
x-values and a grid of potential sigma values. Applicatiohghe
method are made in modeling the continuously compoundeudret
of stock prices. Modeling this ratio with UNMIX proves prosing



in comparison with other existing techniques that use on/rmormal
component, or those that use more than one component bashd on
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 aléing pro-
jection). More generally, a projection\srepeatingf, 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 admite-a
repeating projection admitskaalternating projection fok < @ We
also prove the surprising result that every knot admits &etraating
projection, which partitions nontrivial knots into two skes: alter-
nating and 2-alternating. Finally, we explore the notiontlod k-
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. Pack approximates for torsion of a compressible nonlinearistt
cylinder: modeling, computation, and visualizati@®903)

Students. Danielle Miller, James Madison University and Jennifery8gl
East Tennessee State University
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Mentors. Debra Warne and Paul Warne

Abstract. The boundary-value problem (BVP) resulting from the eduregi
of nonlinear elastostatics for torsion of a circular cykndor a class
of general Blatz-Ko materials involves a nonlinear, siagu?™® or-
der ordinary differential equation for the radial deforroatwith non-
standard boundary conditions. Using a new computationaiogeh
to project the BVP to a polynomial system, we are able to campu
the MacLaurin coefficients of the solution to any degree #eah tac-
curately solve for the radial deformation by numericallgating its
Padé approximation. Significant improvements in both exuand
efficiency are shown for the new method compared with thedstiah
Runge- Kutta algorithm. Animations are created to show 3dbal-
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. Johnso
College of William and Mary

Mentor. Steven Garren

Abstract. Most methods for the identification of quantitative tratil(QTLS)
employ a parametric approach which assumes the normalitiieof
phenotype distribution. However, most applications of Carlalysis
do not have normally distributed phenotypes. In this reseave com-
pare different parametric and nonparametric approachasthosingle
marker and paired marker selection analysis. A simulattadysis
conducted to compare the prediction errors for each method.

e Title. Notes on the structure of2RR (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 presemtatior ker-
nels of homomorphisms3; — Z where each standard generator is
sent to either 0 or 1, and provide explicit generators (ag&/or the
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standard generators) when those kernels are finitely gexerin ad-
dition, we provide recursive constructions of the definingpdps of the
graph groups associated witk

e Title. The Modified Picard-Pag Approximation Method for Singular Non-
linear Boundary Value Problen{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 (BVPsgaRunge-
Kutta foundation. A shooting algorithm using a foundatidrire Pi-
card method can potentially produce better accuracy intiegsnear
a singularity. This also produces an effective numeriazthégue for
BVPs, as it numerically generates and stores the coeffgiehthe
Taylor polynomial of the solution at each step for each tefrnthe
series, using a simple progression of Cauchy products. By
coefficients are then used to numerically create the coeffisiof a
rational polynomial Padé approximation to the solutioreath step
for singular BVPs. Our modified Picard-Padé algorithmatidor a
smaller number of steps as the solution marches towardrelsirity
and provides a simple manner in which to increase (or degyehe
order of the algorithm during the computation, resultingg@meral in
a more accurate solution nearby and at the singularity. \8e di-
velop the method theoretically and then demonstrate it feingular
test problem which is compared against a standard Rungte:- K-
cedure. Singular nonlinear BVPs modeling cavitation (foitnation
in solids) in finite elasticity are also examined numerigall

e Title. Asymptotic analysis of finite deformation in a nonlineanseaersely
isotropic incompressible hyperelastic half-space sulei@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 defoonati
in a hyperelastic half-space due to a point force normal édotbund-
ary, is an important problem of engineering, geomechaard,other
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fields to which elasticity theory is often applied. Whiledar solutions
produce useful Green’s functions, they also predict irdinlisplace-
ments and other physically inconsistent results nearbyaatite point
of application of the load where the most critical and inséireg mate-
rial behavior occurs. To illuminate the deformation dueuolsa load
in the region of interest, asymptotic analysis of the nadmBoussi-
nesq problem has been considered in the context of isothypmer-
elasticity. Studies considering transversely isotropaterials have
also been broadly used in the linear theory, but have not treated
within the nonlinear framework. In this paper we extend tbalim-
early elastic isotropic analysis to transverse isotrogydpcing a more
general theory which also better encompasses applicatigokving
layered media. The governing equations for nonlinearlgtelatrans-
versely isotropic solids are derived, conservation lawsla$tostatics
are invoked, asymptotic forms of the deformation solutians hy-
pothesized, and the differential equations governingrdeétion near
the pointload are determined. The analysis also develapesees of
simple tests to determine if a transversely isotropic nigtean pos-
sibly sustain a finite deflection under the point load. Thellissare
applied to a variety of transversely isotropic materiatg] the effects
of the anisotropy considered is demonstrated by compacokte re-
sulting deformation with similar asymptotic solutions hretisotropic
theory.

e Title. Improved estimation of location parameters for Laplace gadmet-
ric distributions under order restriction002)

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 locadion p
rameters of a Laplace distribution, such that the populatiare in-
dependently sampled. We develop an isotonic regressiamast
which improves on the unrestricted estimator of the smilitestion
parameter in terms of mean squared error. However, thengote-
gression estimator fails to stochastically dominate thestnicted es-
timator, as illustrated by a counterexample. Similar rssaile shown
for estimating the unknown parameter of a geometric distidim un-
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der order restrictions.
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