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Conclusions and Future Work

Introduction
Mg-Al System

Mg-Al is an alloy of interest due to its low density (1.738 
g/cm3) and its potential for improved mechanical 
performance via alteration of microstructural features. 

Precipitates improve performance
Dislocation pinning increases failure resistance. This 
effect is maximized with a dense concentration of nano-
precipitates. Hence, we want to be able to control shape, 
size, and concentration of precipitates. But to do this, we 
need a better understanding of the thermodynamics and 
kinetics of defects in Mg-Al systems. 

Monte Carlo Simulations
Kinetic Monte Carlo (KMC) simulations are used to 
predict kinetic properties (e.g. nucleation rates). KMC 
simulates materials with accelerated dynamics by 
undertaking an activated transition at every step of the 
simulation. However, to run these simulations, one must 
first calculate the activation energy of all transitions, 
which is computationally expensive! 

Cluster Expansions to parameterize Kinetic Monte Carlo 
Cluster expansions approximate the energy an entire 
system using a summation of the concentrations of defect 
clusters weighted by the effective cluster interaction 
parameters. CASM is a good software package for 
building cluster expansions but is designed for different 
kinds of systems and different tasks. 

Formation Energies and Cross-Validation 
Results 1. Determine a reasonable interaction cutoff distance between 

defects using molecular statics. This determined the size of 
supercell needed to train the cluster expansion. 

2. Design and build a wrapper package that enables integration 
of CASM with LAMMPS to calculate energies of enumerated 
supercells with symmetrically unique configurations of 
defects on the Mg lattice.

3. Select a set of learning and feature selection algorithms and 
train second-order cluster expansion.

4. Compare algorithms using 5-fold cross validation over all 
data. 

5. Compare predicted formation energies of 3-body interactions 
with those calculated by LAMMPS.

Design Process

Design a pipeline that uses the CASM software package to 
build cluster expansions for parameterization of Monte Carlo 
simulations for Mg-Al. 

Project Goal- Software Pipeline

LAMMPS Results for Interaction Distance 
Cutoffs

Learning 
Algorithm

Feature 
Selection
Algorithm 

# Basis 
Functions 
in Cluster 
Expansion 

RMS Error
(eV/ unit 

cell)
5-fold CV

RMS Error
(eV/ unit 

cell)
3-body

Ridge 
Regression

Selection 
from Model 118 1.28×10!"# 1.56×10!"#

Linear 
Regression 

Recursive 
Feature 

Elimination 
66 1.23×10!"# 1.55×10!"#

Linear 
Regression

Genetic 
Algorithm 42 1.46×10!"# 1.77×10!"#

The pipeline approach works well and leads to decent prediction 
accuracy on up to three-body formation energies. The LAMMPS 
wrapper is built and works well for Mg-Al systems. Future steps 
include
1. Generate larger training set and evaluate on configurations 

with more than 3 defects.
2. Compare second order and third order cluster expansions. 
3. Run Monte Carlo Simulations.
4. Fully integrate LAMMPS wrapper into CASM package.

Formation energies relative to pure Mg: 
❏ Range: -0.0259  to  0.00685e-03 eV/unit cell
❏ Average: -0.008339 eV/unit cell 
❏ Median: -0.006348 eV/unit cell 
Formation energy prediction accuracy of second-order 
cluster expansion on 1, 2, and 3 body configurations: 
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