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Atomic cluster expansion - basics

1) Atom (“i”) and its neighbors (“j”)
within cutoff r

c i

j

j

j

j r
ij

2) one-particle basis function
for each bond r

ij
:

3) Atomic base A:
(sum up over neighbors)

(n,l,m) – various indices

[1] Lysogorskiy Y. et al.  npj Comp. Mat. (2021)

4) A-product

permutation invariance

translational invariance
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Atomic cluster expansion – B-basis function

[1] Lysogorskiy Y. et al.  npj Comp. Mat. (2021)

rotational  & inversion 
invariance

scale invariance

● B-function

● Atomic
property

● Atomic
energy
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pacemaker workflow
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pacemaker workflow



6

Potential setup
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Atomic cluster expansion – B-basis function

[1] Lysogorskiy Y. et al.  npj Comp. Mat. (2021)

  type: Mg Mg Mg Mg, nr: [1, 2, 2], nl: [0, 1, 1], lint: [1]

All possible/valid permutationally invariant combinations
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1-order

2-order

3-order

Atomic cluster expansion – B-basis functions

Trainable coefficients

potential.yaml

Finnis-Sinclair embedding with 2 densities
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Atomic cluster expansion – potential

npot: 'FinnisSinclairShiftedScaled'

ndensity: 2

fs_parameters: [1, 1, 1, 0.5]

radbase: ChebExpCos

rcut: 5

nradmax_by_orders: [15, 3, 2, 2, 1]

lmax_by_orders: [ 0, 2, 2, 1, 1]

embeddings bonds functions

Three components to specify the B-basis potential

check pacemaker documentation for more details

Specify maximum n/l for each 
order
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Fit setup
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Atomic cluster expansion: Computational workflow

  

Atomic configuration

Force

Energy

Loss function

Radial functions

Atomic base

Atomic property

Atomic energy

B-basis function

One-particle
basis function

A-product

ACE

trainable parameters:

Interatomic potential

automatic gradients

Minimizer

A Bochkarev, Y Lysogorskiy, S Menon, M Qamar, M Mrovec, R Drautz Physical Review Materials 6 (1), 013804
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Loss function

fitting = minimization of loss function

Energy loss

Force loss

Regularization
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Loss function – energy/force contribution

fitting = minimization of loss function

relative force contribution:
 - kappa = 0: energy-only fit
 - kappa = 1: force-only fit
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Loss function - weights

fitting = minimization of loss function

 

Energies per-structure  and forces per-atom weights:
 - uniform weights
 - energy-based weights
 - custom weights
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Loss function - regularization

fitting = minimization of loss function

 

L1/L2 regularization
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Hierarchical basis extension ( = LADDER fit)

new B-functions could be seamlessly added with 0-coeffs

ladder step

ladder step

ladder step

...

Body-order
or
power-order

 

 

Series of 
hierarchical
potentials
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Hierarchical basis extension: convergence exponent

Error ~ C n-q
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Data setup
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DFT reference data

Where from get the DFT data?

Find dataset in Internet Generate by yourself
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DFT reference data: from Internet

archive.materialscloud.org

Revised MD17 dataset CA-9, a dataset of carbon allotropes for 
training and testing of neural network 
potentials

Examples:

!! check Supplementary Materials / Data Availability/ etc.  sections of papers !!

Where from get the DFT data?

Find dataset in Internet Generate by yourself
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DFT reference data: generate by yourself

Any (high-throughput) DFT calculation solutions:
- BASH scripts
- Python/ASE 
- pyiron
- etc.

ASE atoms Cohesive energy (eV) Forces (eV/A): [n_at, 3]

Save to file as: df.to_pickle("my_dataset.pckl.gzip", compression="gzip", protocol=4)

Special columns names:

Where from get the DFT data?

Find dataset in Internet Generate by yourself

IMPORTANT! 
energy_corrected = DFT energy – N

(at)
 * DFT free atom(s) energy
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Usage of the potential
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Usage of the potential

interim_potential_0.yaml interim_potential_ladder_step_0.yaml output_potential.yaml

Save 
current potential

Save hierarchical 
ladder step potential

Save 
final potential

B-basis format

from pyace import *

# create calculator
calc = PyACECalculator(“potential.yaml”)

# attach calculator to the atom
atoms.set_calculator(calc)

#compute energy, forces
e = atoms.get_potential_energy()
f = atoms.get_forces()

# use with ASE ecosystem
...

Convert to c-tilde format

$ pace_yaml2yace output_potential.yaml

output_potential.yace

Usage with Python/ASE

## in.lammps

pair_style pace 
pair_coeff * * output_potential.yace Al Nioutput_potential.yace

Check github.com/ICAMS/lammps-user-pace

Usage with in LAMMPS
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PACE: LAMMPS implementation performance

● C++ implementation for CPU

[1] Lysogorskiy Y. et al.  npj Comp. Mat. (2021) [2] Zuo et al. J. Phys. Chem. A124, 731 (2020)

100-500 microsec / atom / CPU core

● KOKKOS implementation for GPU

4-20 microsec / atom/ GPU (x30 faster)

by Stan Moore (SNL),  with helpful 
discussions  with Evan Weinberg (NVIDIA)
 and Yury Lysogorskiy (ICAMS)

by ICAMS team and C. Ortner (UBC Math)
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Al-Li potential fit: details
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Al-Li potential validation: feature curves

Error ~ C n-q
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Al-Li potential validation: Convex hull
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Al-Li potential validation: Convex hull (more prototypes)

L2
2
(AlLi)

B32(AlLi)

D8_i(AlLi)

“Ghost” 
candidates:



Thank you for attention
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PACE: Product and recursive evaluator
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Product evaluator:

Recursive evaluator: 1-order

2-order

3-order

4-order

(by C. Ortner)

[1] Lysogorskiy Y. et al.  npj Comp. Mat. (2021)


