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With advances in algorithms and the changing landscape of high performance computers 
(HPC), the quantum Monte Carlo method has become a leading contender for high accuracy 
calculations for the electronic structure of realistic systems.  QMC, being statistical, is naturally 
scalable to a large number of processors.  There are several different and independent ways to 
parallelize a QMC calculation: over different random walkers, through computation of 
wavefunction pieces, over boundary conditions.  

We discuss QMC implementations to overcome the important efficiency and scalability 
bottlenecks encountered with the HPC systems based on the multi/many-core architecture of 
today and present state-of-art QMC calculations of solid-state and molecular systems using tens 
or hundred thousand cores on the petascale computers.  Also presented are the solutions for 
QMC to adapt to the future HPC architectures and to harness ever-increasing computing 
powers to tackle outstanding materials and chemical problems. 

 


