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S.1 DFT calculations
We performed spin-polarized PBE1+U calculations and PAW2-PBE pseudopotentials as 
implemented in the ab initio package, VASP,3 and we used 3.9 as U-value for Mn taken from 
Materials Project.4 We relaxed both atomic positions and unit cell parameters using conjugate 
gradient descent method with convergence criteria of 1.0e-5 for energy and 0.05  for eV/Å
force with 500  cut-off energy. Brillouin zone is used with k-point densities at or larger eV
than 1000 k-points per atoms using the Pymatgen Ver. 2019.1.24 package.5 All the other detail 
for computing  and  are the same as our previous work.6𝐸hull ∆𝐺min

pbx,1.5V



S.2 Additional figures and tables 

Figure S1. Distribution of scaling factor values proposed by Chu et al.7 implemented in 
Pymatgen.5 Here, scaling factor lower than 1.00 means compressed cell from the initial 
geometry and scaling factor larger than 1.00 means elongated cell from the initial 
geometry.

Figure S2. Results of the computed mean and standard deviation of the 200-randomly 
sampled data for (a) lattice scaling and (b) substitution preprocessing method.

Table S1. Screening results for various models and formation energy estimation method 
(CGCNN, CGCNN-H, CGCNN-HD ( ), CGCNN-HD ( ) and CGCNN-HD (𝝁 𝝁 ― 𝝈 𝝁 ― 𝟐

)). The number of required DFT represents materials satisfying criteria before DFT 𝝈
calculations, and screening criteria met represents materials satisfying criteria after DFT 
calculations. The number of reproduced data represents materials reproduced by ML-
HTS among the 74 materials selected from the DFT-HTS. DFT-HTS data is listed for 
reference, and also the computed MAE (eV/atom) values are listed in the parenthesis.

Model Name # of required 
DFT

Screening 
criteria met

# of reproduced 
data

DFT-HTS 7,356 74 -

CGCNN 37 (0.014) 24 22 (0.027)



CGCNN-H 48 (0.002) 33 29 (0.025)

CGCNN-HD
( )𝜇 65 (0.017) 43 35 (0.028)

CGCNN-HD
( )𝜇 ― 𝜎 88 (0.042) 53 42 (0.037)

CGCNN-HD
( )𝜇 ― 2𝜎 110 (0.069) 61 50 (0.050)
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