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Wavefunction in QMC (Ψ)

• Frequent evalulation 〈EL〉 = 1
NMC

∑NMC

i=1
ĤΨ
Ψ |~R=~Ri

statistical error 〈σ〉 ∝ 1√
NMC

• Orbital basis representation: plane waves
(single adjustable paramter, orthogonality) NPW ∝ Natoms

• Approximation methods: plane waves 7→ polynomials | Npoly / eval. ¿ NPW

Three types:
• Lagrange polynomial interpolation
• Piecewise-polynomial (pp-)spline interpolation
• Basis (B-)spline approximation

Features:
• Increase speed
• Keep plane wave accuracy
• Use more memory

Three approximation methods equally accurate and faster
B-splines win in memory use
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Three Methods of Approximation - Lagrange, pp- & B-splines

Lagrange polynomial interpolation
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Piecewise-polynomial (pp-)spline interpolation
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Basis (B-)spline approximation

B (x, y, z) =

3
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All polynomials third degree. Cubic splines continuous up to second derivatives.



Accuracy of Approximation Methods in QMC - Three Methods Good
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Speed of Approximation Methods in QMC - Three Methods Good
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Storage of Approximation Methods in QMC - B-splines Better
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Conclusions

• All methods equally accurate to plane wave value

• All methods equally faster than plane waves

• B-splines win in memory (1
8 pp-splines and 1

5 Lagrange)
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Lagrange Polynomial Interpolation

• Derivatives possibly discontinuous
⇒ Interpolate gradient & Laplacian separately

• Store 5 values per grid point (φPW, ~∇φPW, ∇2φPW)
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Piecewise-Polynomial Spline Interpolation
• First and second derivatives continuous

⇒ Calculate gradient & Laplacian from spline

• Stores 8 points per grid point (σ1, σ2, . . . , σ8)
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1 (ỹ) = s5
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Basis Spline Approximation
• First and second derivatives continuous

⇒ Calculate gradient & Laplacian from spline

• Stores 1 points per grid point (a)

• Does not go through φPW at grid points
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Accuracy of Approximation Methods in QMC - bcc Ti
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Accuracy of Approximation Methods in QMC - stishovite SiO2
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Accuracy of Approximation Methods in QMC - diamond Si k-points
Natom = 2
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Accuracy of Approximation Methods in QMC - diamond Si k-points
Natom = 8
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Accuracy of Approximation Methods in QMC - diamond Si supercells
VMC
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Accuracy of Approximation Methods in QMC - diamond Si supercells
DMC
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