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Abstract

Thanks to fast evolving high performance computers, first principle simulations
of realistic systems with large numbers of atoms nowadays become affordable
for better understanding new materials. Quantum Monte Carlo (QMC) is one of
the most accurate and scalable methods for these simulations. When solving the
many-body Schrodinger equation in QMC, the wavefunction is usually repres-
ented in a planewave basis, which comes at high computational cost O(N?) with
the number of electrons N. In our software package QMCPACK, the cost of
evaluating the wavefunction at a given electronic configuration has been
reduced to a quadratic scaling O(N?) by representing it with B-splines, real space
localized cubic splines centered on a regular grid. Nevertheless, the evaluation

Algorithms

orbitals computed with cubic B-spline interpolation. The feature and detail of the
algorithms used Iin the benchmark are provided here.

Phase 0: the original
algorithm has 4 nested
loops (x,y,z,spline), used
as a baseline.

Phase 1: the innermost
spline and z loops are
Interchanged. Loop z is

In both VMC and DMC stages, all the values of single particle orbitals (SPOs) are updated
for each single electron move step. For solids, all the SPOs are represented by molecular

forx=0,1, 2,3 do

fory=0,1,2,3do Phase 0

|_forz=0, 1, 2,3 do

for spline=1, ..., N do

spline

abc = a(x)-b(y)-c(z)

end for {spline}
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Benchmarks

Several benchmark tests on BG/Q from different perspective reveal how the code speeds up with a

better algorithm and vectorization.

Test case: Eval S V subroutine which evaluates only the values of the SPOs.

The phase 1 significantly reduces the number of FXU instructions and balances FPU and FXU instruction
ratio (ideal ->1)

The vectorization in phase 2 reduces both FPU and FXU instructions. FPU instruction is cut by
5914/1610=3.67 (ideal = 4 on BG/Q vector unit). Vector load/store also save FXU instructions.

The data pre-fetch added in Phase 3 further helps this memory-bound routine (see the execution
cycles).

Ref Algo. 1 is also vectorized but significantly slower than Phase 3 due to the missing optimization
applied in Phase 1.
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