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Abstract 
High dimensional computation -- that is, numerical computation in which there are very many or even 

infinitely many continuous variables -- is a new frontier in scientific computing, with applications ranging 

from financial mathematics such as option pricing or risk management, to groundwater flow, heat transport, 

and wave propagation. Often the difficulties come from uncertainty or randomness in the data, e.g., in 

groundwater flow from permeability that is rapidly varying and uncertain, or in heat transport from 

uncertainty in the conductivity. These high dimensional problems present major challenges to computational 

resources, and requires serious mathematical efforts in devising new and effective methods. 

 

This talk will provide a contemporary review of quasi-Monte Carlo (QMC) methods for approximating high 

dimensional integrals. I will highlight some recent developments on "lattice rules" and "higher order digital 

nets". One key element is the "fast component-by-component construction" which yields QMC methods 

with a prescribed rate of convergence for sufficiently smooth functions. Another key element is the careful 

selection of parameters called "weights" to ensure that the worst case errors in an appropriately weighted 

function space are bounded independently of the dimension. Then I will showcase how this modern QMC 

theory can be tuned for a number of applications, including PDEs with random coefficients. 
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