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Motivation
� Quantum Monte Carlo calculations are expensive

128-atom defect calculation uses > 200,000 CPU hours and 4GB per processor

� Finite size error for solids requires large system sizes

� Evaluation of a Slater determinant is most computationally demanding part. Use of
numerical grid for orbitals reduces scaling [1,2].
(reduces 128-atom calculation to about 5,000 CPU hours).

� We want to evaluate various choices for numerical interpolation to �nd best

compromise between CPU time and storage requirements. So far, we have only

been able to evaluate Lagrange interpolation. We intend to compare this with

splines for ef�ciency .
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Functions in QMC for solids
� To calculate the local energy, which we use in QMC to guide us to the ground

state, we need to evaluate the wave function repeatedly
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� Because H contains the Laplacian we will need �rst and second derivatives of 	

� The form of the wave function we use is:
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� Time scaling with error of the total system is N (N 2 + N 3) [1,3]

� N is doing the following for N electrons

� N 2 includes evaluating the Jastrow, electron-electron and electron-ion terms

� N 3 includes updating the determinant after electron moves and calculating
Slater determinant elements
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Functions in QMC for solids

� The Slater determinant is of the form:
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� The orbitals that make up the Slater determinant we represent by plane waves:

� i (r ) =

k cutof fX

k =1

ck exp (ir k)

� Replacing the plane waves, which scale with system size N , with something that

does not scale with system size reduces the scaling of the calculation by factor N

since the N 3 portion of the scaling is driven by the evaluation of the orbitals in the

Slater determinant.
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Interpolation schemes

� Lagrange - a polynomial of order n � 1 to �t through n points; straightforward to
implement; function and derivatives are interpolated separately

� Cubic splines - for n points, n � 1 cubic polynomials in linear combination pass
through each point, form a continuous function between the �rst and the last point,
form a smooth function and have a continuous second derivative; derivatives are
easily calculated

� B-splines (blips) - a sum of a given basis of localized cubic splines

� Chebyshev - use Chebyshev T polynomials with their roots at the data points

Storage Number of multiplies and adds

Lagrange 5 � n3
L � 100

compact splines 8 � n3
sp � 90

explicit splines 64 � n3
sp = 63

blips 64 � n3
bl = 128

Note: different n's might be needed for same accuracy
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Estimating interpolation error

� One way to look at error due to interpolation is simply to

compare the difference between the analytic function and

the interpolated function.
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� Different interpolation schemes require different meshes for same accuracy.
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Interpolation error

estimates in QMC

� In QMC, we looked at the difference between the �nal energy using numerical

functions and the energy using analytic functions.
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