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Chase Adams lll—Howard University
“Largeness of the Set of Finite Sums of Sequencesin N”

diatomic@mindspring.com

In 1974, Neil Hindman established that whene®eris partitioned into finitely many
cells, one of these must contd®( <Xn>ny) ={ Sicr Xt © F O 2(N)}, where
25 (N) is the set of finite subsets &f.  Subsequently, a proof of the Finite Sums
Theorem involving the algebraic structure BN, the StoneCech compactification of
N, was provided by Fred Galvin and Steven Glazer. stialdished an intimate
relationship between finite sums IN and idempotents ir3N.

In (N,+), a setA is syndeticif and only if it has bounded gaps and a sqtiecewise
syndeticif and only if there exist a fixed bourand arbitrarily long intervals in which
the gaps oA are bounded bi. We say a setA C N is centralif and only if there is

some idempotent in the smallest ideaBdf that containg\.

Under the direction of Neil Hindman, | used comlamgl and algebraic methods to
investigate whenFS( <xn,>n) IS piecewise syndetic, syndetic, or central.
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Onobu Akogwu — Princeton University
“Instabilities and Pattern Formation in Crystal Growth”
onobu@yprinceton.edu

Several common modes of crystal growth provide ipaerly simple and elegant
examples of spontaneous pattern formation in naRmenomena of interest are those in
which an advancing solidification front suffers tatsility and subsequently reorganizes
itself into a more complex mode of behavior. Thetegns examined here are those in
which solidification is controlled entirely by silegdiffusion process either by flow of
latent heat away from a moving interface or thelag@us redistribution of chemical
constituents. Convective effects and crystallines@ropy are ignored. The Mullins-
Sekerka linear stability analysis is used to arealimple planar, spherical interfaces and
special case of directional solidification. Thegsehiniques can be extended to freely
growing dendrites, which leads to an understandihgide-branching and tip-splitting
instabilities, which occurs naturally in snowflakes
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Caleb Ashley—Howard University
“ A Classical Case of Knotsin R* A Theorem

Attributed to Gauss’
calebashley@yahoo.com

In a Calculus 3 course, many integral theoremsgaren which are related to physical
phenomena, for example Gauss' Divergence Theordter Ane year in Algebraic
Topology, | have encountered a variety of new attara which are tools for generalizing
calculus to higher dimensions.

This poster presentation highlights the resultghefclassical integral equation of Gauss
with a corresponding theorem which is stated andgu using characters and techniques
of algebraic topology. Ultimately, the linking nber of two manifolds is expressed by

Gauss' Integral.
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Yakira Braden — University of Wisconsin-Madison
“The Threat of Predatory Generation Control to the U.S.
Electric Power Infrastructure”
ybraden@wisc.edu

As structural changes for electric power in the .Ua8d world-wide occur, market
competition heightens for the provision of gen@maservices. To increase market share,
an unethical energy company owning generation might motivated to exercise
“predatory control,” to undermine perceived rellapiof existing competitors. Perhaps
more seriously, a malicious intruder, “hacking” totler software, could induce wide-
spread blackouts via predatory control.

Synchronous generators connected in an AC netwark & single dynamical system
with strong coupling across considerable geograpistances. This natural coupling
between synchronous machines offers an opportémitgredatory control to take place.
Predatory control occurs when a group of generatessabilizes competing machines in
the network while minimizing the impact of the wadt mode within the group

exercising control and maintaining nearly satisiacperformance.
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Kareem Carr —lllinois State University
“Resonancein a Driven, Relativistic
Harmonic Oscillator”
kareem_ca@hotmail.com

In many undergraduate texts, the phenomenon ohae®e is explored for a harmonic
oscillator in the non-relativistic case. The plegdlly impossible conclusion of the non-
relativistic analysis is that as the frequencyhs driving force approaches the so-called
natural frequency of a harmonic oscillator, the himgbe of its oscillations approach
infinity. To our knowledge, the relativistic cakas not been studied. For this case, we
have shown, using numerical integration, that:

1. Resonance occurs below the natural frequency cytbiem.
2. There is a region of bistability that does not adauthe non-relativistic case.
3. The maximum amplitude does not approach infinityeabnance.

By applying the method of multiple scales for noghr oscillators, and other techniques,

we approximate the resonance function for this phemon and explore the
underpinnings of the novel resonance behaviorsduoited by the relativistic nonlinearity.
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Abdoul Kane — University of Toronto
“Propagating Burstsin a Model of the
Subthalamo-Pallidal Loop”
kane.abdoul@utoronto.ca

We use a biophysically constrained model to study propagation of waves in the
subthalamo-pallidal network, a neuronal pacemateslved in the planning and control
of movement. Within that network the membrane pidéof subthalamic and pallidal
cells display activity over many time scales. Thisakes it difficult to carry a
straightforward computational or analytical invgation. By combining perturbative and
asymptotic methods we describe a general techriaqueducing such complex network
equations to simpler yet biophysically relevanttegss. We then use the reduced model
to formulate conditions for structured self sustdinpropagation and compute the
functional dependence of the propagation speecetmank parameters.
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Jon Middleton—-State University of New York at Buffalo
“On Rational Embeddings of Countable Ordinals’
jonam@buffalo.edu

It is possible to embed countable ordinals intogéeof rational numbers with the usual
order. We prove the existence of such embeddings exhibit various methods of
explicitly representing ordinal numbers via an eddieg.
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Irene Moshesh— Howard University
“Image Partition Regularity of Affine Transformations’
diatomic@mindspring.com

In his famous 1933 paper, Richard Rado studiedtipartregularity of systems of linear
equations. That is, given a system of equations

aLixXi+ a2x2+ + avxv=ht
@, 1X1+ @ 2X2++ @yXv= I

aulX1+ an2x2+ + anvXv= by

and given a finite partition of the sét of positive integers, could one guarantee a
solution set ¥1, x2, . . . , xv} contained in one cell of the partition? In coluyi
terminology, one is asking whether, whenedeis finitely colored, must there be a
monochromatic solution set.

In the case where the system of equations is honeagss, in other words whdn= 0,
Richard Rado gave the following definition:

Definition: Letu, v N and letA be au x v matrix with entries fronf. Let S be one of
N, Z, or Q. ThenA is kernel partition regular ov&( KPRSS) if and only if, whenever
S\{0} is finitely colored, there must exist monodnnaticx [0 Sy such thaAx = 0.

Rado was able to establish precisely when a uxvixnatwith entries inQ was kernel
partition regular. This characterization was of artpance since one could use kernel
partition regularity to prove Schur's Theorem psbéd in 1916, which stated that
wheneverN is finitely colored there must exist monochromatjcy, andx + y for
example. However, kernel partition regularity fatls establish van der Waerden’s
Theorem which states: Whenevaris finitely colored and [0 N is given, there exist a
andd such thag, a+d,a+ 2d, . .. ,a+ £-d are all the same color. In order to prove van
der Waerden’s Theorem using kernel partition regylaone must require that the
increment d also be the same color.

Neil Hindman and Imre Leader used image partitiegutarity, a notion introduced by
Deuber, to establish van der Waerden’s Theoremowithequiring the incremermtto be
the same color. Image partition regularity is aenalternative to kernel partition
regularity because it guarantees nonconstant eakjtiis computable and offers a
canonical matrix representation. In 1993, Neil Hivash and Imre Leader characterized
when au x v matrix A with entries fromQ is image partition regular ove.

Just as Rado considered the kernel partition reitulaf the affine transformatiorn —

A-x + Db, one can ask about the image partition regulafithe same transformation. This
matter will be the focus of this talk.
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Wilfred Ndifon — Princeton University
“Putative Self-Organized Criticality of RNA Molecules
and RNA Viral Genomes’
wndifon@princeton.edu

The distribution of the number of structural reagaments of an RNA molecule is
shown to be log-normal over short time scales, n@onverge asymptotically to a
power-law, with a scaling exponent Oy 2, which is believed to be characteristic of
self-organized critical systems. This suggests tRBIA molecules and RNA viral
genomes may exist in a self-organized criticalestatd predicts, among other things, a
scale-invariant distribution of fluctuations in afirfitness during evolutionary stasis.
Interestingly, this prediction is borne out by tlesults of virus evolution experiments.
(This presentation is based on joint work with Bantiago Elena of the Spanish National
Research Council and Dr. Simon Levin of Princetonversity).
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Etienne Ogoubi—Université de Montréal
“Near-Complete Decomposability Concept for On-Chip
Multiprocessor Architecture”
ogoubi@iro.umontreal.ca

Partitioning applications usingpomain Decomposition(DD) for a multiprocessor
architecture is seen as a powerful technique. Margs of science have extensively and
successfully used this technique to solve problehgeat size and complexity. A part of
our research tackles thdear - Complete DecomposabilifNCD) concept, with its
associated technique of aggregation of variabtesyddel and then solve problems based
on a parallel on-chip multiprocessor architecturghweconfigurable devices. This
approach is based on conjectures made from analdgiveen aggregates in nearly
completely decomposable systems and computatiobahgplications.
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Olawale O. Oladehin—Princeton University
“Data Driven Strategic Gaming”
oladehin@princeton.edu

What attributes are required to play a game wefleddrse all sports require talent, but
exactly how do strategies and different approacféesct or benefit a player? For this
project we separate the aspects of games into thfisgent categories—facts, tactics,
and strategy. Each player must know the facts atek rof the game, they must then
apply those facts to create different tactics fapacific moment in the game, and then
strategy becomes the culmination of facts anddsadhat a player gains over time. This
strategy is the attribute that the player will ts@iew the game in its entirety.

Through the use of game theory, data mining, amdlation, we will approach a
very popular card game — Texas Hold ‘em. The apgrdar this project will be to
create a database of basic poker knowledge — g, adarting hand values, etc. This
basic knowledge will then be linked to several comgnts in order to create an artificial
“short-term” and “long-term” memory for the pokdaper. The goal is to be able to train
a computer program to learn and improve at the gafmaoker through learning and
accumulating “knowledge.”
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Derrick Raphael — Princeton University
“ A Collective Analysis of African American Researchers
In the Mathematical Sciences’
raphael@princeton.edu

For this project, | am conducting brief surveys Biick mathematicians attending
CAARMS12 at UNC-Chapel Hill. | also plan to conduextended interviews with
various participants as well to get a more in-depikw of their path to become
mathematicians. In addition to the gleaning ofornfation from participants, | will
incorporate various past studies on this issueralegant studies to get a more informed
view of these unique individuals. Overall this dstuseeks to find out what are the
building blocks that help to produce Black mathaaiats.
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Charles Rogers— North Carolina State University
“The Effect of Alcohol on Neuron Firing”
crrogers@ncsu.edu

Neurons are responsible for transmitting messagesighout the body via long distance
electrical signals known as action potentials. €hdepend on the active transport of
sodium and potassium ions across the cell membfdreeeffect of various drugs on the
process of neuron firing is a current researchréste The Hodgkin-Huxley equations, a
system of four nonlinear ordinary differential etjoas, mathematically model the influx
and efflux of these ions across the cell membranthe presence of alcohol, the release
of potassium ions is accelerated. We propose a fraddversion of these equations,
which incorporates the effect of alcohol, and examiits implications through
mathematical analysis in dynamical systems. Wesiigate the qualitative behavior and
interpret the results of the steady-state solutioribe fast and fast-slow phase planes.

This is joint work with Jeannine T. Abiva, Edna Jaseph, and Arpy K. Mikaelian,
with faculty mentor€rika T. CamachandStephen A. Wirkus.
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Stephanie Somersille- University of California at Berkeley
“ Adjoints of Composition Operators on Hilbert Spaces’
steph@math.berkeley.edu

Many seemingly basic questions regarding compesibperators on Hilbert spaces
remain open. One such problem is finding explionfulas for their adjoints. We will

consider a new class of functions, an extensionoofiposition, weighted composition
and Toeplitz operators to include operators derivech multiple valued functions. We

will discuss their properties such as boundedness ampactness. We will give a
formula for the adjoints of composition operatons Blardy Hilbert spaces whose
symbols are rational functions as composits of satighted) composition operators
and backward shift operators.

CAARMS12 14 Poster Presenter



Twelfth Conference for African American Researcheran the Mathematical Sciences
University of North Carolina at Chapel Hill and SAM SI, June 20-23, 2006

Luke J. Stewart—Duke University
“Solving Numerically the Lens Equation in Stochastic
Gravitational Lensing”
luke.stewart@duke.edu

Solving analytically the lens equation in gravibatl lensing tends to be impossible,
especially as the parameters of the lensing sysdeen allowed to become more
complicated. Therefore, numerical methods are tsaolve the lens equation for set of
lensed images that are produced for a given lightce and lensing parameters. The
goal of my project is to determine the mean andanae of the number of lensed images
produced when the parameters are varied uniforrady,in the case of stochastic
gravitational lensing.
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Alberto Mokak Teguia —Duke University
“A Sierpinski Graph and Some of its Properties’
almotek@yahoo.fr

The Sierpriski fractal or Sierpiiski gasket is a familiar object studied by specialists in
dynamical systems and probability. In this pape¥,censider a grap®, derived from the
first n iterations of the process that leadstand study some of its properties, including
the cycle structure, domination number and pebbimgber. Various open questions are
posed. This is joint work with Anant P. Godbole.
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Conrad Tucker —University of lllinois, Urbana-Champaign
“ Analytical Design of Product Family
Cell Phone Architecture”
ctucker4@uiuc.edu

Product platform design enables companies to ma@manufacturing and design costs
by allowing a family of products to be developedward shared, efficient product
architecture. Under this product family design plagen, this paper introduces a method
to analytically determine the optimal product pbath configuration in the multi-product
hierarchy that will evolve in upcoming generatiasfsproduct launch. By sharing the
most common and labor intensive components, the afoa product together with its
predecessors can be drastically reduced, herelahpg more to market demand.

Multilevel, multidisciplinary optimization has ber® an effective alternative to solve
complex, large-scale system design problems tieat@mventionally solved by all-in-one
(AlO) approach. To link product design and prodptanning effectively, however,
traditional single stage static formulation shobkl expanded to multistage formulation
to model the changing product specifications andketademand. In this article, a
product family design model that optimizes the alleenterprise objective spanning
multiple stages of product launch is presentede#th stage, the hierarchical product
family design and planning problem are modeledguamalytical target cascading (ATC)
and are further expanded to accommodate changisigrdeariables and parameters for
different stages. Multistage modeling allows fomslitaneous and independent
optimization of each individual stage system designile still maintaining the overall
enterprise objective.

The motivation of this research is to explain htne ATC methodology can be extended
in a multistage setting to include the optimizatminengineering designs for a product
family in an extremely volatile and competitive ikeir space. To illustrate the

methodology, an automotive vehicle brake systemgdeand a cellular phone family

design will be presented.
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Brian Williams — University of Mississippi
“Large Circuit Pairsin Matroids’
blwilli3@olemiss.edu

Scott Smith conjectured in 1979 that two distiraidest cycles of & connected graph
meet in at leask vertices wherk > 2. This conjecture is known to be true fog 10.
Only the casé& < 6 appears in the literature, however. Reid andgéheralized Smith’s
conjecture tck connected matroids by considering largest circUitee cas&k = 2 of the
matroid conjecture follows from a result of Seymolr addition, McMurray, Reid,
Sheppardson, Wei, and Wu established an extensitre anatroid conjecture fde = 2
and proved it for co-graphic matroids whiert 6. In his Ph.D. dissertation, McMurray
established the matroid conjecture for matroideicfumference four. | establish Reid
and Wu’'s conjecture for several classes of matrewttéch include those that have
connectivity three, circumference five, and spagraimcuits. For this talk | will focus on
Reid and Wu'’s conjecture for k = 3.
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Adrian Wilson — University of Mississippi
“Graph Groupoids and Their Topology”
aawilson@olemiss.edu

| investigate graph groupoids and the path spassscated with their unit spaces. It was
shown by Paterson and Welch that for a generattéidegraptg, the path spac¥ which

is of the formY /7 Z, whereY is the set of finite paths anftithe set of infinite paths i§g,

is a locally compact metric space. | solved threennguestions. For the first, a natural
guestion that was asked by A. Kumjian (UniversitiNevada at Reno) in the case of the
Cuntz graphe” was how that topology relates to an earlier topplowestigated by J.
Renault (Orléans). | show that the two topologies Bomeomorphic and so can be
identified. | then discuss the graph groupoid ®rin the general case. For this
investigation, it is important to be able to use #xiomatic approach to groupoids, by
showing that this is equivalent to the usual d&bniof a groupoid as a “small category
with inverses”. The proof of this is given, andii& second main question answered by
my dissertation. The third main question is to ¢t the graph groupoi@ . for £ and
prove that it is a second countable, locally comptasdorff groupoid. The construction
and proof of this are given in the last sectionnof dissertation. (The proof of the
corresponding result for row finite graphs had bskegtched earlier in the work of, e.g.,
Kumjian, Raeburn and Renault.)
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Michael Young — Carnegie Mellon University
“Results in Ramsey Theory”
michaely@andrew.cmu.edu

A typical result in Ramsey Theory states that giiveen set of objects are partitioned into
a finite number of partitions, then there existsnesosignificant object in one of the
partitions. The Pigeon Hole Principle is a trivealample. The Ramsey Number/Ry() is
the smallesh such that the edges of the complete grapim errtices (K) can be two
colored (red and blue) and contain no bkyer redK,. R(,K) is known fork < 5. 1 will

be presenting a new method to find boundKer I3 andK, + 14. Finding these bounds
will prove to be useful in finding R(5,5).
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