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2007 £ ([C &8 “Generalized Neural-Network Representation of High-Dimensional Potential-Energy
e Surfaces”, J. Behler and M. Parrinello, Phys. Rev. Lett. 98, 146401 (2007)
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Musaelian et al., Nature Communications 14, 579 (2023)

Table 1 | MAE on the revised MD-17 dataset for energies and force components, in units of [meV] and [meV/A], respectively

Molecule

Aspirin

Azobenzene

Benzene

Ethanol

Malonaldehyde

Naphthalene

Paracetamol

Salicylic acid

Toluene

Uracil

Results for GAP, ANI, and ACE as reported in ref. 2%, Best results are marked in bold. ANI-pretrained refers to a version of ANI that was pretrained on 8.9 million structures and fine-tuned on the revMD-
17 dataset, ANI-random refers to a randomly initialized model trained from scratch.

Energy
Forces
Energy
Forces
Energy
Forces
Energy
Forces
Energy
Forces
Energy
Forces
Energy
Forces
Energy
Forces
Energy
Forces
Energy
Forces

FCHL19™ *

6.2
20.9
2.8
10.8
0.3
26
0.9
6.2
1.5
10.2
1.2
6.5
29
12.2
1.8
9.5
1.6
8.8
0.6
4.2

UNITE*

24
1.6
1.1
4.2
0.07
0.73
0.62
3.7
1.1
6.6
0.46
2.6
1.9
7.1
0.73
3.8
0.45
25
0.58
3.8

GAP°

17.7
44.9
8.5
24.5
0.75
6.0
3.5
18.1
4.8
26.4
3.8
16.5
8.5
28.9
5.6
24.7
4.0
17.8
3.0
17.6

ANI-
pretrained*® *°

16.6
40.6
15.9
35.4
3.3
10.0
25
13.4
4.6
24.5
1.3
29.2
1.5
30.4
9.2
29.7
1.7
24.3
5.1
214

ANI-
random

25.4
75.0
19.0
52.1
3.4
17.5
1.7
45.6
9.4
52.4
16.0
52.2
18.2
63.3
13.5
52.0
12.6
52.9
8.3
441

ACE"

6.1
17.9
3.6
10.9
0.04
0.5
1.2
1.3
1.7
1.1
0.9
5.1
4.0
12.7
1.8
9.3
1.1
6.5
1.1
6.6

GemNet-

(r/Q)”*

9.5

0.5

53

2.2

3.8

NequlP
(1=3)"
23
8.2
0.7
2.9
0.04
0.3
0.4
2.8
0.8
5.1
0.2
1.3
1.4
5.9
0.7
4.0
0.3
1.6
0.4
3.1

Allegro

23
7.3
1.2
26
0.3
0.2
0.4
21
0.6
3.6
0.5
0.9
1.5
4.9
0.9
29
0.4
1.8
0.6
1.8

JEE (ORILDS

Model
Schnet”
DimeNet++"’
Cormorant®
LieConv’®
LINet”®
SphereNet®°
EGNN*

ET38
NoisyNodes®'

PaiNN*’

Allegro, 1 layer
Allegro, 3 layers

BRI ? ZNE B — 7

Uo

14

6.3

22

19

13.5

6.3

1

6.2

7.3

5.9

5.7 (0.3)
4.7 (0.2)

U
19

6.3
21
19
13.8
1.3
12
6.3
1.6
5.7
5.3
4.4

15

H
14

6.5
21
24
14.4
6.4
12
6.5
1.4
6.0
5.3
4.4

Table 3 | Comparison of models on the QM9 dataset, mea-
sured by the MAE in units of [meV]

G
14

1.6
20
22
14.0
8.0
12
1.6
8.3
1.4
6.6
5.7

Allegro outperforms all existing atom-centered message-passing and transformer-based mod-
els, in particular even with a single layer. Best methods are shown in bold.
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Table 4 | Simulation times obtainable in [ns/day] and time
required per atom per step in [microseconds] for varying
number of atoms and computational resources

SEHOAEFS5K/\va—IZ2 W< DHEN CE

Allegro

Learning Local Equivariant Representations for Large-Scale Atomistic Dynamics

Musaelian et al., Nature Communications 14, 579 (2023)

Material Number

LisPO,
Li;PO,
LisPO,
LisPO,
LisPO,
LisPO,
LisPO,
LisPO,
LisPO,

Time steps of 2fs and 5fs were used for LisPO4 and Ag, respectively.

of atoms
192

421,824
421,824
421,824
421,824
421,824
421,824
421,824
50,331,648
71
1,022,400
1,022,400
1,022,400
1,022,400
1,022,400
1,022,400
1,022,400
1,022,400
100,640,512

Number
of GPUs

128
128

Speed

in ns/day

32.391
0.518
1.006
1.994
3.810
6.974
11.530
15.515
0.274
90.190
1.461
2.648
5.319
10.180
18.812
28.156
43.438
49.395
1.539

Microseconds/

16

(atom - step)

27.785
0.552
0.284
0.143
0.075
0.041
0.025
0.018
0.013
67.463
0.289
0.160
0.079
0.042
0.022
0.015
0.010
0.009
0.003
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TABLE I: Comparative analysis of SOTA MLFF models on
Summit. Production speed unit: M atom-steps/s/node

Model Atoms  Speed Productlol} scale Actlye
uncertainty learning

DeePMD 39B 2.0 No Yes
SNAP 20 B 6.21 No No
FLARE 500 B 10.5 Yes Yes

24576 GPUZ{£>7T5000EBED/RF
Ov=alL—>3YV

Fig. 4: Perspective view of the 1B-atom system and its

dimensions. The height of the simulation box is not shown C\:\\O) ] \°\y /7‘ — y\(iff)bfﬂ%éj G)b\ g

to scale.
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XA A
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TABLE I. Acceptance ratio Pac and mean MCMC interval dty, of SLHMC for liquid
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