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Figure 9. Low energy Fe-Cr interstitial clusters with varying Cr concentrations. White atoms are 

Fe atoms on lattice sites, blue atoms are interstitial Fe atoms, and red atoms are Cr atoms. 
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Figure 10. Defect formation energies and Cr content for Fe-Cr interstitials.  The symbol type 

gives the number of interstitial Cr and the color gives the number of Cr atoms on lattice sites. For 

example, the filled blue circle for four defects represents the energy of a four interstitial cluster 

with one lattice Cr and zero interstitial Cr. 

The performance of the algorithm in the optimization of the Fe-Cr embedded defects is shown in 

Figure 11.  It can be seen that there is an increase in the number of required calculations as the 

number of Cr atoms in the defect increases.  The cause of this increase can be linked to the fact 

that the movement of Cr atoms between lattice sites is best controlled through permutation 

mutations.  Therefore, the Fe-Cr simulations are more heavily reliant on mutations than the Fe or 

SiC simulations.  It is possible that the performance of the algorithm can be improved by either 

increasing the probability of a permutation mutation to occur or by further reducing the number 

of atoms in set 2 and the number of sites accessible to the Cr atoms. 
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Figure 11. Algorithm performance for Fe-Cr interstitials is shown by the average number of 

energy minimizations required to identify the minimum energy structure. The error bars 

represent one standard deviation in the number of calculations for optimizations found by 3-5 

optimizations with differing random number seeds and in some cases the error bars cannot be 

seen as they are smaller than the symbol. The number of calculations can be divided by the 

population size of 50 to calculate the number of generations required. 

4. Discussion 
The modified genetic algorithm proposed in this work for the optimization of defects in 

crystalline materials is shown to be effective in identifying low energy stable interstitial 

configurations by comparison to results of previous searches with different methods.  The 

algorithm can be applied to a variety of systems and defects of various sizes. The number of 

calculations required to find the stable ground states does not appear to increase significantly as 

the number of defects increases, at least within the range of defect cluster sizes studied here (up 

to 5-10 interstitials).  The search space of the algorithm is tunable and capable of identifying 

both compositionally and structurally variant defects through the control of fitness-based biases 

as well as the atoms used in the mutations and crossovers.  Reducing the search space in this way 

allowed the algorithm to identify the stable arrangements of small numbers of carbon interstitials 

in SiC, either as effectively or better than previous optimizations. The algorithm also found very 
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stable clusters for Fe and Fe-Cr exploring both BCC-like and Laves phase structures in different 

areas of the search space.  We therefore find that with some modifications to the algorithm, such 

as seeding the population and tuning parameters to be more system specific, the approach can be 

applied to systems with large lattice atom distortions, small lattice atom distortions, and varying 

composition.   

 

While the structures shown in this current study are limited by the reliability of the potentials 

used for each system, the performance of the algorithm demonstrates that the minimum energy 

structures can typically be identified within approximately 10,000 local energy relaxation 

calculations (either conjugate gradient or quenched molecular dynamics) for structures with 

relatively larger lattice atom distortions among the sets considered here.  This performance 

improves for structures with relatively smaller lattice atom distortions among the sets considered 

here, which require approximately 5,000 calculations.  This scale of calculations is quite trivial 

for interatomic potentials and, while very large, is presently (or will soon be) achievable for 

more accurate Hamiltonians such as Density Functional Theory (DFT), provided the unit cell 

sizes can be kept tractable.  DFT-based genetic algorithms have already been used in the 

optimization of other types of atomic structures [93].  Furthermore, a reduction in the number of 

required calculations may be achieved by seeding the population with previously identified 

minima defect structures (e.g., the starting structures for a (n)- interstitial calculation could be 

initiated from optimized (n-1)- interstitial structures with one extra interstitial added), as opposed 

to the random initial population presented in this study.  Additional improvements in the 

efficiency of the genetic algorithm may be possible by replacing the simple energy-based 

predator used in this implementation with predators based on structural features, such as crystal 

fingerprints similar to those used in crystal structure genetic algorithm optimizations [45,46], in 

order to prevent the re-evaluation of structurally similar defects.  Overall, the genetic algorithm 

optimization technique presented in this study appears to be a powerful method for identifying 

defect clusters using a range of Hamiltonians. 
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