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ABSTRACT:  I will survey a few results about 

graph list coloring. Graph coloring is a rich area of 

research and many intriguing open problems 

remain. In this variation, each vertex is provided a 

"list" of colors allowable at that vertex and one 

asks, for a given graph and a given collection of 

color lists at its vertices, whether or not a proper 

coloring can be found in which each vertex chooses 

its color from its own list. Surprises include the fact 

that, for every positive integer k, there exists a 

bipartite graph and an assignment of lists each of 

size k with respect to which no proper list-coloring 

exists. All is not lost, though, as Carsten Thomassen 

proved in 1994 that every planar graph admits a 

proper list-coloring provided each list has size five 

or more. While I will try to survey a few of these 

results, I will focus on two of my papers. The first, 

written with Jeff Dinitz, pursues an algebraic 

approach of Alon and Tarsi, especially in the case 

of uniquely list-colorable graphs. The second is a 

recent non-refereed paper describing an example 

discovered by the late Fields Medalist Maryam 

Mirzakhani when she was very young. The talk 

should be mostly accessible to undergraduates. 

Tuesday, September 25, 2018 

2:00PM-2:50PM  

Stratton Hall 106 

SIAM Card Shuffling Night 
Learn the math behind shuffling and eat free food! 

Tuesday, September 25, 2018 

6:00PM-7:00PM  

Foisie Innovation Studio 203

PhD Dissertation Proposal: Brian Kodalen 

Cometric Association Schemes 
The combinatorial objects known as association schemes arise in 

group theory, extremal graph theory, coding theory, the design of 

experiments, and even quantum information theory. One may think 

of a d-class association scheme as a d+1 dimensional matrix 

algebra closed under the entrywise product containing I and J. In 

this context, an imprimitive scheme is one which admits a 

subalgebra (subscheme) of block matrices, also closed under the 

entrywise product. Such systems of imprimitivity provide us with 

quotient schemes, smaller association schemes which are often 

easier to understand, providing useful information about the 

structure of the larger scheme. One important property of any 

association scheme is that we may find a basis of d + 1 idempotent 

matrices for our algebra. A cometric association scheme is one 

whose idempotent basis may be ordered E0, E1, …, Ed so that there 

exists polynomials q0, q1, …, qd with qi ◦ (E1) = Ei and deg(qi) = i 

for each i.  Imprimitive cometric schemes relate closely to 

spherical t-distance sets, sets of unit vectors with only t distinct 

inner products, such as equiangular lines and mutually unbiased 

bases. A similar type of association schemes known as metric 

schemes have been studied extensively with fundamental results 

such as a classification of imprimitive metric schemes dating back 

to the early 1970’s. Analogous results for the cometric case 

weren’t settled until nearly four decades later, with many other 

questions still open today.  After introducing association schemes 

with relevant terminology and definitions, this talk focuses on 

imprimitive cometric association schemes, especially those with 

small d. We will introduce and examine three projects spanning the 

previous four years and select theorems from each for the purpose 

of illustration: 

 local connectivity of general association schemes;

 linked systems of symmetric designs;

 positive semidefinite cones of cometric association schemes.

In the first case we step towards answering a conjecture about

the connectivity of association schemes which has been open

for 20 years. In the second, we construct the only known

examples not using the Kerdock set parameters. Finally, in the

last project, we find parameter restrictions independent of those

already known, resolving many open cases in online tables. We

believe that these results, and the techniques used to reach

them, will further our understanding of the young subject of

cometric association schemes.

Wednesday, September 26, 2018 

3:00PM 

Salisbury Labs 305  

Seminar on Numerical Methods

Zhicheng Wang
MIT 

A phase-field method for large-eddy 

simulation of two-phase slug flow in a 

horizontal pipe 

ABSTRACT:  We present a phase-field method that 

are capable of large-eddy simulation (LES) of the 

initialization and development of the two-phase slugs 

from a stratified flow in a long horizontal pipe using 

realistic parameters of density ratio, viscosity ratio, 

Weber number and Reynolds number. The method is 

implemented both in a three-dimensional spectral-

element and a spectral-element/Fourier code that 

make the simulation be fast with a high accuracy. The 

free interface is solved by the Cahn-Hilliard equation 

that leads to excellent mass conservation. The 

Entropy Viscosity Method (EVM) is employed as 

LES subgrid eddy viscosity model. The visualization 

of the simulation result exhibits the richness of the 

evolving topology of the slugs, while the predicted 

slug length and frequency are in good agreement with 

experimental measurements. 

Thursday, September 27, 2018 

11:00AM-11:50AM 

Stratton Hall 203 

Colloquium 

Jeffrey Case
Penn State 

Sharp Sobolev trace inequalities via 

conformal geometry 

ABSTRACT:  Escobar proved a sharp Sobolev 

inequality for the embedding of  

$W^{1,2}(X^{n+1})$ into $L^{2n/(n-1)}(\partial 

X)$ by exploiting the conformal properties of the 

Laplacian in X and the normal derivative along the 

boundary.  More recently, an alternative proof was 

given by using a Dirichlet-to-Neumann operator 

along the boundary and its close relationship to the 

1/2-power of the Laplacian.  In this talk, I describe a 

new relationship between the conformally covariant 

fractional powers of the Laplacian due to Graham--

Zworski and higher-order Dirichlet-to-Neumann 

operators in the interior, and use it to prove sharp 

Sobolev inequalities for embeddings of $W^{k,2}$. 

Other consequences of this relationship, such as a 

surprising maximum principal for the conformal 3/2-

power of the Laplacian, will also be discussed. 

Friday, September 28, 2018 

11:00AM - 12:00PM  

Stratton Hall 203 



Undergraduate & Graduate Mixer 

to Meet the WPI Math Department 

There will be food, drinks, an ice cream 

bar, games and prizes! 

An opportunity to mingle with the faculty, to ask 

them questions such as summer opportunities 

and graduate school and talk about the projects 

you are doing.  You will also be able to learn 

more about our student clubs. 

Friday, September 28, 2018 

3:00PM – 5:00PM 

Campus Center Patio




