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1 General

The FHI-aims benchmark for BEEFvdW, vdW-DF2 and mBEEFvdW were done
using `tight' settings on Archer (128 cores, Intel E5-2680v4 (Broadwell)), Athena
(28 cores, Intel E5-2680v4 (Broadwell)) and Orac (28 cores, Intel Xeon Phi 7250F
(Knights Landing)) using the S22 benchmark set [1] in early 2021. The bench-
mark data is available at DOI: 10.17172/NOMAD/2023.09.25-1

To compare the benchmark calculations to the original data from Wellendor�
et al. [4], Lee et al. [2] and Lundgaard et al. [3], the following comparisons are
used, where N = 22, the number of tests, xrefi is the value against which we
benchmark, xcalci is the newly calculated value:

MSD =
1

N

∑
i

xrefi − xcalci (1)

MAD =
1

N

∑
i

|xrefi − xcalci | (2)

SD =

√
1

N

∑
i

(xrefi − xcalci )2 (3)

Table 1: S22 Benchmark set summary for di�erent functionals and di�erent errors,
including maximum deviation. Reference data from [2�4]. The largest de-
viations are for 1: Adenine-Thymine 2 Benzene dimer T-shpae, 3 Adenine-
Thymine (stacked) 4 Indol-benzene (stacked), 5 Uracil dimer (stacked).

Error beef-vdw beef2-vdw2 vdw-df2 mbeef2_vdw2
vs[4] (eV) vs [4] (eV) vs [2] vs [3] (eV)

MSD 0.012 -0.012 -0.022 0.038
MAD 0.013 0.013 0.022 0.038
STD 0.018 0.018 0.029 0.046
max. 0.0421 0.0412 0.0623,4 0.1155

2 Summary of BEEFvdW benchmark

We performed the benchmark for using BEEF-vdW with FHI-aims on Athena.
In principle, there are two possible ways to use BEEF-vdW in FHI-aims, `beef-
vdw' and `beef2-vdw2'. Both of them make use of libxc, `beef-vdw' uses both
exchange and correlation from libxc, `beef2-vdw2' uses only the exchange from
libxc and `canonical local correlation' according to the FHI-aims code comments.
Take note that both are relatively slow (i.e., calculations of molecules at metal
surfaces does not appear possible).
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3 Summary of vdW-DF benchmark
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4 Benchmark mBEEF-vdW

The calculations for the mBEEF-vdW with `tight' show some surprisingly high
deviations between the reference data [3] and the FHI-aims calculated data, par-
ticularly for the uracil stacked dimer case of 115 meV. We looked at the basis set
(light, and really-tight for the largest deviating cases) to see if the deviation is a
matter of convergence, which it does not appear to be the case.
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