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CONTAGIOUS SETS IN BOOTSTRAP 

PERCOLATION 

ABSTRACT:  Consider the following activation 

process in undirected graphs: a vertex is active 

either if it belongs to a set of initially activated 

vertices or if at some point it has at least r active 

neighbors. This process (commonly referred to 

as bootstrap percolation) has been studied in 

several fields including combinatorics, computer 

science, statistical physics and viral marketing. A 

contagious set is a set whose activation results 

with the entire graph being active. Given a graph 

G, let m(G,r) be the minimal size of a contagious 

set. I will survey upper and lower bounds for 

m(G,r) in general graphs and for graphs with 

special properties (random and pseudo-random 

graphs, graphs without short cycles) and discuss 

many unresolved questions. Based on joint work 

with Amin Coja-Oghlan, Uriel Feige and 

Michael Krivelevich 
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FRATIONAL CENTERED 

DIFFERENCE SCHEMES FOR HIGH-

DIMENSIONAL INTERGAL 

FRACTIONAL LAPLACIAN 

ABSTRACT: The fractional Laplacian is a 

promising mathematical tool due to its ability to 

capture the anomalous diffusion and model the 

complex physical phenomenon with long-range 

interaction, such as fractional Navier-Stokes 

equation, fractional quantum mechanics, image 

processing, jump process, etc. Due to the 

intrinsic singularity and nonlocal nature of the 

fractional Laplacian, many state-of-the-art 

numerical methods have been proposed. 

However, the preparation for the computation is 

still high, e.g., as pointed out by Acosta et al 

‘’Over 99% of the CPU time is devoted to 

assembly routine’’ for finite element method. In 

this talk, we study the finite difference method 

for a fractional diffusion equation with high 

dimensional hypersingular integral 

fractional Laplacian. We first propose a simple-

and-easy discrete approximation, i.e., fractional 

centered difference scheme with second-order 

convergence for the fractional operator. For the 

practical implementation, the evaluation of 

weights in finite difference schemes can be 

straightforward thanks to fast Fourier transform. 

This is one of the main attractive features and 

advantages of our method compared to other 

existing ones in the literature.  Based on the 

established approximation, we then construct the 

finite difference scheme to solve fractional 

diffusion equations and analyze the stability and 

convergence in a discrete maximum norm.  We 

further present a fast solver for linear system 

generated from a rectangular domain and use the 

fictitious domain method to extend the fast 

solver to the non-rectangular one.  Several 

numerical results are provided to support our 

theoretical results. 
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OPTIMALITY IN QUANTUM DATA 

COMPRESSION USING DYNAMICAL 

ENTROPY 

ABSTRACT: The notion of lossless compression 

of strings of pure quantum states of 

indeterminate-length quantum codes was first 

introduced by Schumacher and Westmoreland in 

2001. Past work has assumed that the strings of 

quantum data are prepared to be encoded in an 

independent and identically distributed way. We 

introduce the notion of quantum stochastic 

ensembles, allowing us to consider strings of 

quantum states prepared in a more general way. 

Moreover, for any quantum stochastic ensemble 

we define an associated quantum Markov chain 

and show that the optimal average codeword 

length per symbol is equal to the quantum 

dynamical entropy of the associated quantum 

Markov chain.  
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