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Molecular Dynamics

Positions Potential
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Dispersion Interactions

Dispersion potential:

Vdisp =
1

2

N∑
i=1

N∑
j=1
i 6=j

Cij

r6ij

E.g. in Lennard-Jones and
Buckingham potentials
Only attractive interaction
between all pairs of atoms
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Long-Range Methods

Existing long-range methods:

Direct evaluation→ O
(
N2
)
→ typically too expensive
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Multilevel Summation for Dispersion

V = ξT G ξ e.g. ξi =
√
2
√
εiiσ

3
ii

(Lennard-Jones potential
with geometric mixing)

Gij =
1

r6ij
for i 6= j
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Multilevel Summation for Dispersion

V = ξT G ξ

Approximation of matrix G:

1 Splitting
2

increasing sparsity
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Multilevel Summation for Dispersion

V = ξT G ξ

Approximation of matrix G:

1 Splitting
2 Approximation of resulting matrices

⇒ O(N)
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Physical Interpretation

truncation of
interactions
⇒ sparsity
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Dispersion Potential
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Dispersion Potential
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Local & Grid-Based Part
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calculation with short-range method
= 0 for r ≥ a

approximation with grids
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Example for smoothing function γ:

γ(x) =


15

8
− 5

4
x12 +

3

8
x24 for x < 1

1

x6
for x ≥ 1
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Local & Grid-Based Part
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Multilevel Summation method
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Approximation of gi

1

r6
= g0 + g1 + g2 + · · ·+ gl−1 + gl
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Simulations

4000 particles
Lennard-Jones potential with geometric mixing
11.01σ × 11.01σ × 176.16σ with periodic boundaries

results compared with high precision calculation
using the Ewald method

Study influence of
cutoff a
spacing of finest grid h

Tameling (AICES) Multilevel Summation for Dispersion 17 September 2013 15 / 19



Accuracy

2 3 4 5
10−8

10−7

10−6

10−5

10−4

10−3

10−2

cutoff a [σ]

re
l.

er
ro

ri
n

po
te

nt
ia

l
h=1.38σ
h=0.92σ
h=0.69σ

Tameling (AICES) Multilevel Summation for Dispersion 17 September 2013 16 / 19



Accuracy

2 3 4 5

10−3

10−2

10−1

100

cutoff a [σ]

av
g.

re
l.

er
ro

ri
n

fo
rc

es
h=1.38σ
h=0.92σ
h=0.69σ

Tameling (AICES) Multilevel Summation for Dispersion 17 September 2013 16 / 19



Accuracy

2 3 4 5

10−3

10−2

10−1

100

3.5

111ms

335ms

1654ms

cutoff a [σ]

av
g.

re
l.

er
ro

ri
n

fo
rc

es
h=1.38σ
h=0.92σ
h=0.69σ

Tameling (AICES) Multilevel Summation for Dispersion 17 September 2013 16 / 19



Complexity
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Conclusions

We adapted the Multilevel Summation to dispersion interactions

The accuracy of the Multilevel Summation increases as
the cutoff a increases and the finest grid spacing h decreases

Preliminary performance measurements were done

The linear complexity can be demonstrated with a serial,
prototype implementation
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