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Supplementary Information

Table S1: 130 half-Heusler (HH) compounds, the IDs on MatHub-3d, calculation time
(a 64-core computing node, specifically an AMD EPYC 7452 @2.35GHz), the number
of configurations in the HH130 dataset, and x;s (considering both three and four

phonon interactions) of 80 HH compounds at 300 K

MLIP calculation time (h) Number of K3phJLr Aph

Compound ID
P Sampling Labeling Training Total  configurations (W-m™-K™)

BaSnSr 84506 4.75 150.63 13.85 169.2 307 1.50
CaSnSr 84525 4.29 91.77 9.38 111.4 267 2.23
KSnY 84484 6.20 182.21 20.76 209.2 277 1.30
NaSnY 84551 14.27 66.41 15.88 96.6 312
BiCePd 84407 5.14 52.55 14.89 72.6 210 3.08
PtSnTh 84664 3.10 48.55 12.40 64.1 180 3.75
BiRhZr 84493 4.39 39.72 13.29 574 177 9.16
BaNaSb 84540 3.07 27.32 7.07 37.5 180 0.74
BaKP 84482 3.49 46.35 5.94 55.8 176 2.72
MgSnSr 84486 4.80 50.95 7.10 62.8 204 1.39
BiRhTi 84485 3.10 24.38 8.33 35.8 140 9.26
NiSnTh 84658 2.90 195.50 11.86 210.3 212 5.86
CaSiSr 84574 3.51 33.13 6.59 43.2 156 4.40
CaMgSn 84580 6.74 39.61 11.34 57.7 206 2.69
NbRhSn 84409 6.93 86.89 14.31 108.1 238
AuScSn 84601 3.06 60.46 9.36 72.9 151 8.69
AulnZr 84523 5.83 28.97 9.87 44.7 135 8.68
PbPtZr 84522 4.47 42.66 17.46 64.6 260 6.79
BiNiY 84408 3.26 82.04 10.17 95.5 155 6.86
RhSbTh 84667 3.19 65.70 11.86 80.7 162 3.40
PtSnZr 84534 3.61 48.63 14.91 67.1 175 12.99
BiGdNi 84422 3.33 60.85 9.69 73.9 145 8.07
PdSnZr 84447 3.41 46.66 11.97 62.0 164 11.78
BiDyNi 84471 5.65 77.14 9.76 92.5 171
HfPbPt 84541 4.97 31.12 22.10 58.2 249
BiHoNi 84444 2.97 84.08 7.33 94.4 149 10.59
PbPtTi 84503 17.99 41.92 18.33 78.2 224
NbPtTI 84563 25.09 81.58 36.76 143.4 354
BiNiTm 84442 3.66 58.30 10.57 72.5 166 11.25
MgTlY 84564 36.89 78.34 44.82 160.1 505
GeNbRh 84573 43.83 57.79 43.21 144.8 363

AuGeSc 84514 3.40 33.76 10.89 48.1 170 11.29
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LiScSi 84511 3.81 15.50 12.43 31.8 212 20.40

AsLiZn 84446 3.54 14.39 13.96 31.9 185 3.81
GaLiSi 84426 7.01 10.69 3591 53.6 324

LiPZn 84472 5.47 13.99 21.53 41.0 249 5.63
MgNaP 84565 7.80 11.15 31.01 50.0 342

LiNZn 84478 4.56 8.08 19.73 324 169 12.04
AsLiMg 84452 4.48 6.63 16.37 27.5 211 6.96
LiMgP 84590 3.71 5.28 15.47 24.5 217 6.52
AlLiSi 84417 6.30 6.62 29.39 423 280

LiMgN 84527 4.93 5.22 31.25 41.4 250
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Figure S1: The crystal structure of half-Heusler and the elements considered in this

study.
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Figure S2: The MAEs of (a) energies and (b) forces at 300 K (red bar) and 700 K

(yellow bar) for 130 HH compounds.



Supplementary Note 1:
Testing the level and cutoff radius of the MTP model

To evaluate the training level of MTP models, three models were directly
constructed using a comprehensive training dataset of 206 configurations of TiCoSb.
The average training time and errors in energies and forces across all configurations
were statistically analyzed. Level testing was conducted on a 24-core computing node,
with two Intel® Xeon® Gold 6126 CPU @ 2.60 GHz, with all parameters unchanged
except for the training level. As shown in Table S2, increasing the level from 16 to 18
resulted in a slight increase in training time and a reduction in errors. However, beyond
level 18, further increments nearly doubled the training time while the rate of error
reduction remained consistent. Therefore, a training level of 18 was deemed optimal

for MTP models in this study.

Table S2: Evaluation of the MTP model training level for TiCoSb

Training time = MAE:s of the energies MAE:s of the forces

Level (min) (meV-atom™) (meV-A-1)
16 76 2.524 9.75
18 87 2.521 8.53
20 155 2.520 7.44
22 329 2.515 6.70

The cutoff radius of the MTP model was tested on a 24-core computing node, with
two Intel® Xeon® Silver 4310 CPUs @ 2.10 GHz. As shown in Table S3, increasing
the radius from 5.5 A to 6.0 A resulted in minimal changes in both average training
time and energy errors, with a slight reduction in force errors. However, beyond a radius
of 6.0 A, further increases led to a significant increase in training time, while the rate
of reduction in force errors remained consistent. Additionally, considering the crystal
structures of HH compounds and their atomic interaction ranges, we statistically
analyzed the atomic nearest-neighbor distances for 130 HH compounds, finding
average distances of 5.24 A, 6.32 A, and 6.88 A for the third, fourth, and fifth nearest

neighbors, respectively. Therefore, to balance computational efficiency and model



accuracy, selecting a 6.0 A cutoff radius for training the MTP model is reasonable, as
it effectively covers critical nearest-neighbor interactions while avoiding unnecessary

computational costs.

Table S3: Evaluation of the MTP model cutoff radius for TiCoSb

Cutoff radius Training time MAE:s of the energies MAE:s of the forces
A) (min) (meV-atom) (meV-A-)
5.5 99 2.524 8.74
6.0 98 2.525 8.53
6.5 130 2.523 8.12
7.0 183 2.517 7.93
Supplementary Note 2:

Comparison of the efficiency of MLIP and DFT calculations

Table S4 presents the average time allocated to each phase of the high-throughput
calculation for 130 HH compounds, including sampling, labeling, training, and total
time. The computational resources utilized were a 64-core computing node, specifically
an AMD EPYC 7452 @ 2.35 GHz. DFT labeling constitutes 64% of the total
computational time, making it the most time-consuming component. On average, the
entire MLIP process for each HH compound requires 75 hours, with the training dataset

containing an average of 245 configurations.

Table S4: The time spent on each component in high-throughput calculations

Sampling time (h) Labeling time (h) Training time (h) Total (h)

8 48 19 75

Based on the trained MLIP models, atomic forces can be directly obtained from
small displacement structures, allowing for the rapid acquisition of high-order IFCs and
a significant reduction in high-throughput computational costs. As shown in Table S5,

the efficiency difference between DFT and MLIP is quantified by the number of DFT



calculations required. For a 192-atom HH supercell, considering the cutoff distance
settings described in the main text, approximately 500 and 2000 DFT calculations are
needed to obtain 3™- and 4%-order IFCs, respectively. Using the average number of
configurations in the training dataset as a reference (with an average of 245 static DFT
calculations per HH compound), the entire process of training the MLIP model and
obtaining 3"-and 4™-order IFCs is estimated to require 383 DFT calculations. This is
slightly fewer than the number of DFT calculations needed for 3"-order IFCs alone.
Incorporating 4ph scattering, the MLIP model reduces the originally required 2500
DFT calculations to only 383, resulting in a reduction in computational time by an IFC

of magnitude.

Table S5: Estimation of the number of DFT calculations required for each process

3rd_order IFCs 4th_order IFCs DFT Labeling MLIP Process
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Figure S3: The x| of theoretical and experimental data for TiCoSb. Experimental

data are taken from Wu ef al.! and Zhou et al.?
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Figure S4: The relationship between the L' of 80 HH compounds with 8 (red plot)

and 18 (blue-purple plot) VEC at 300 K and their average atomic mass.
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Supplementary Note 3:
The methodology for averaging the 2"-order IFCs

In this study, we calculated and ranked the magnitudes of all 2"-order IFCs for
each HH compound. Due to the significant influence of interatomic distances on atomic
forces, the 2-order IFCs of the first few nearest neighboring atoms are significantly
larger, typically one to two orders of magnitude greater than those of the next nearest
neighbors. This disparity in magnitudes underscores the importance of considering the
strongest interactions in the material. Consequently, we computed the equivalent
average 2"d-order IFCs based on the three largest values, aiming to capture the most

influential and dominant contributions to interatomic forces.
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Figure S6: The relationship between the (a) 3ph and (b) 4ph total phase space of 80
HH compounds with 8 (red plot) and 18 (blue-purple plot) VEC at 300 K and the

average atomic mass.
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effects for TiCoSb.
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