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OVER THE PAST 5 YEARS, ML HAS INFILTRATED THE PHASE-FIELD METHOD
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THE EFFECTIVE USE OF ML ALG. CREATES NEW WAYS TO DO “BUSINESS” DIFFERENTLY

ACCELERATION

Kiyani et al., PRE, 2022

OPTIMIZATION

Desai et al., Mater. Des., 2022
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THE STEREOTYPICAL PROBLEM
t1 t10 t50 t100

<latexit sha1_base64="6MXyVk7NuG5B2MNeclnGHpeF9OQ="></latexit>

G (u(x, t)) = � (x, t)

<latexit sha1_base64="O3SUDHfLyrPPcd67SAHuXC22Lj8=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiBEkGFGQjS3oBePEcwCmSH0dHqSJj0L3dViGPIbXjwo4tWf8ebf2FkE1wcFj/eqqKoXpIIrcJx3K7e0vLK6ll8vbGxube8Ud/daKtGSsiZNRCI7AVFM8Jg1gYNgnVQyEgWCtYPR5dRv3zKpeBLfwDhlfkQGMQ85JWAkT5czLwjx3eQEjnvFkmPXatWaW8W/iWs7M5TQAo1e8c3rJ1RHLAYqiFJd10nBz4gETgWbFDytWEroiAxY19CYREz52ezmCT4ySh+HiTQVA56pXycyEik1jgLTGREYqp/eVPzL62oIz/2Mx6kGFtP5olALDAmeBoD7XDIKYmwIoZKbWzEdEkkomJgKJoTPT/H/pHVqu1W7cl0p1S8WceTRATpEZeSiM1RHV6iBmoiiFN2jR/RkaevBerZe5q05azGzj77Bev0AxuKRjQ==</latexit>

u(x, t)

Learning a mapping function:
• History of the microstructure, u(x,t)
• State of of microstructure at time t,   ϕ( ,t)x



What are good metrics to evaluate the performance of a 
ML-based phase-field capability? 

•Spatial accuracy (global vs. local)


• Time accuracy (interpolation vs. extrapolation)


•Speed up & generalization


•Size and time required for training
6
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Spatial and temporal accuracies

•Spatial accuracy: 

•Global: RMSE on reconstruction or other 
image-based techniques (PSNR…)


• Local: Identification of spatial feature


•Deterministic vs. statistic characterization


•Time accuracy: 

• Interpolation vs. extrapolation based on 
data seen during training


•Smoothness of the low-dimensional 
representation?
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Training data: the 5 Vs

•Volume: when is enough enough?


•Velocity: how fast can we generate the 
training data?


•Variety: how to change input parameter to 
have enough flavor?


•Veracity: quality and accuracy of the training 
data being generated


•Value: how much added value do we have 
with one additional data point in our data set?
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Speed-up and generalization…

•CPU (parallelization) vs. GPU


• Interoperability: can I use it with 
various PF platforms?


•Representability (unit test): does 
the ML-based model correctly 
represent basic features of the PF 
model (free energy, conservation 
of field variables, etc.)?
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Formulation of a ML-related BM…
• Spinodal decomposition (BM1)

• Simple

• Pre-existing datasets

• Physical vapor deposition

• Pre-existing datasets

• Moving boundary and evolving size of 

computational domain

• Dendrite (BM3)

• Different length scales

• Highly sensitive to formulation and 

numerical scheme

• Other?

• Oswald ripening (BM2): coupling of conserved and non-conserved dynamics?

• Nucleation (BM8)
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Submission guideline

•Spatial accuracy (global vs. local)

• Reconstruction vs. time

• Local reconstruction of specific microstructural features


• Time accuracy (interpolation vs. extrapolation)

• Interpolation performance for within distribution

• Extrapolation performance outside of distribution


•Speed up & generalization

• Speedup compared to DNS

• Free energy evolution

• Extrapolation to unseen data?


•Size and time required for training

• How much data has been used

• Time and resources required for training


