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Figure S1. Comparison of AEse from the DFT calculations and the 14-fold cross validation prediction
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results using (a) SVM model with linear kernel; (b) SVM model with RBF kernel, and (c) ANN.

Table S1. Values of MAE, RMSE, SDE and r? from full fit and 14-fold cross validation predictions of

three machine learning models with four input features.

- - SVM with linear kernel SVM with RBF kernel ANN
MAE(eV) 0.286 0.233 0.265

Full RMSE (eV) 0.406 0.359 0.367
fitting SDE(eV) 0.288 0.274 0.254
2 0.843 0.876 0.870

MAE(eV) 0.310 0.304 0.278

14-fold RMSE (eV) 0.419 0.415 0.390
(@)% SDE(eV) 0.282 0.283 0.274
2 0.831 0.835 0.844
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Table S2. Database on strengthening energies (AEsk) of various solutes in different host metals for the

training and test of the machine learning models. AH is the difference of sublimation enthalpies

between the host and the segregated solute atoms, RS is the ratio of surface energies, AC is the

difference of cohesive energies, and AR is the difference of atomic radii.

- Host Solute AH (Jm? RS AC (eV) AR (A) AEst(eV) Ref.
1 Ni Cs 14 2516428  3.636 148  2.96418 (1]
2 Ni Rb 13.9 20.49535  3.588 1.3 2.5807 1]
3 Ni K 13.8 16.78938  3.506 113 250815 1]
4 Ni Na 13.3 92416  3.327 0.66  2.05213 (1]
5 Ni Ba 13.1 737698 254 0.99 1.84484 1]
6  Ni Tl 125 440093 256 047  1.32663 1]
7 Ni Bi 12.5 3.76966  2.26 0.45 1.35772 (1]
8 Ni Mg 12.1 4.8361 2.93 035  0.62186 1]
9 Ni Pb 12 4.28 2.41 0.5 1.24371 (1]
10 Ni Li 115 416514 281 0.31 0.86023 1]
11 Ni Sb 10.3 2.6132 1.69 0.34 1.05716 (1]
12 Ni In 10.3 3.10623 1.92 0.41 0.51821 (1]
13 Ni Sn 9.5 2.37253 13 0.3 0.59076 (1]
14 Ni As 9.3 1.85503 1.48 0.14  0.88096 (1]
15 Ni Y 8.8 2.05661 0.07 0.55 1.22298 1]
16 Ni La 8.8 224627  -0.03 0.63 230087 (1]
17 Ni Ga 8.3 2.00952 1.63 016  0.39384 (1]
18 Ni Ag 7.8 2 1.49 0.2 0.79805 (1]
19 Ni Sc 7.6 1.98337 054 0.39 0.5804 (1]
20 Ni Ge 7.3 138204 059 012 050785 1]
21 Ni Al 6.8 171296  1.05 018  -0.12437 (1]
22 Ni Au 5.8 1.58665  0.63 019  0.46639 (1]
23 Ni Si 45 1.07013  -0.19 0.07  -0.47676 (1]
24 Ni Pd 43 1.36734  0.55 0.13  0.12437 1]
25 Ni Zr 2.6 116291  -1.81 035  -0.1451 1]
26  Ni Cr 2.3 117196  0.34 0.03  -0.25911 (1]
27 Ni Hf 2.1 1.15761 -2 033  —0.44566 1]
28 Ni Be 1.8 1.07377 112 -0.12  -0.71513 1]
29 Ni \Y% 0 0.98954  -0.87 0.1 0.74623 (1]
30 Ni Pt -0.7 093837  -14 0.14  -0.30056 1]
31 Ni Rh -1.7 0.88782  -1.31 0.1 -0.31093 1]
32 Ni Nb -2.5 0.81084  -3.13 022  -0.7255 1]
33 Ni Mo -2.7 0.80432  -2.38 015  -0.89133 1]
34 Ni Tc -4.2 0.75525  -2.41 011  -0.81878 (1]
35  Ni Ru -4.2 075669  -2.3 0.09  -0.53894 1]
36  Ni Ta -4.2 0.77766  -3.66 022  -0.99497 1]
37 Ni Ir -4.7 075618  -2.5 011  -0.74623 1]
38 Ni Os -7.2 0.63353  -3.73 0.1 -1.04679 1]
39  Ni w 7.4 0.63397  —4.46 016  -1.24371 (1]
40 Ni Re -7.4 0.66338  —3.59 013  -1.26444 (1]
41  Fe Li 9.7 395563  2.65 0.29 1.16 1]
42 Fe Be 0 1.01975 096 -0.14 0.71 1]
43 Fe Na 11.5 877672 317 0.64 2.16 1]
44  Fe Mg 10.3 459284 277 0.33 1.34 (1]
45  Fe Al 5 1.6268 0.89 0.16 -0.03 (1]
46  Fe K 12 15.94483  3.346 1.11 3.05 (1]
47  Fe Sc 5.8 1.8836 0.38 0.37 0.22 1]
48  Fe Ti 15 120115  -0.57 0.19 -0.44 1]
49  Fe % -1.8 0.93976  -1.03 0.08 -0.54 (1]
50 Fe Cr 0.5 1.11301 0.18 0.01 0.02 1]
51 Fe Mn 45 1.48788 1.36 -0.01 0.37 (1]
52 Fe Co -1.3 095866  -0.11  -0.02 0.1 1]
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53 Fe Ni -1.8 09497  -0.16  —0.02 0.04 1]
54 Fe Cu 2 1.2685 0.79 0.01 0.42 1]
55  Fe Zn 0.8 375584  2.93 0.12 0.85 1]
56  Fe Rb 121 19.46438 3428  1.28 3.2 1]
57 Fe Y 7 195315  -009 053 0.9 1]
58  Fe Zr 0.8 110441  -197 033 -0.59 1]
59 Fe Nb -43 0.77005  -3.29 0.2 -1.24 1]
60 Fe Mo 45 07638  -2.54 0.3 -0.96 1]
61 Fe Te -6 071726  -2.57  0.09 -0.94 1]
62 Fe Ru -6 071863  -2.46  0.07 -0.77 1]
63  TFe Rh -35 0.84316  -147  0.08 -0.54 1]
64  TFe Pd 25 129856  0.39 0.11 -0.03 1]
65 Fe  Ag 6 1.8994 1.33 0.18 0.81 1]
66 Fe  Cd 10.7 550849  3.12 0.3 1.35 1]
67  Fe Cs 122 2389845 3476 146 3.29 1]
68  Fe Ba 113 7.0059 2.38 0.97 2.56 1]
69  Fe Hf 0.3 1.09938  -2.16 031 -0.55 1]
70 Fe Ta -6 073854  -3.82 0.2 -0.88 [1]
71  Fe W 9.2 0.60208  -4.62  0.14 -1.54 1]
72 Fe Re 9.2 0.63001 -375  0.11 -1.29 1]
73 Fe Os -9 0.60166  -3.89  0.08 -1.15 1]
74 TFe Ir -6.5 071814  -2.66  0.09 -091 1]
75  Fe Pt 25 089117  -156  0.12 -0.77 1]
76 Fe  Au 4 150684 047 0.17 0.26 1]
77 Fe  Hg 12 9.86495  3.61 0.3 1.65 1]
78  Fe Tl 10.7 417955 24 0.45 1.71 1]
79  Fe Pb 10.2 40647 225 0.48 1.88 1]
80 Fe Sn 7.7 225318  1.14 028 039384 [1]
81 W Ti 10.7 1.995 4.05 005  0.49368 2]
82 W \% 7.4 156086 359  -0.06  0.63093 2]
8 W Cr 9.7 1.84861 48 -0.13  0.88263 2]
84 W  Mn 13.7 247123 598  -015  0.98864 2]
85 W Fe 9.2 166091 462  -0.14  1.00787 2]
86 W Co 7.9 159224 451  -0.16  1.01817 2]
87 W Ni 7.4 157736 446  -0.16  1.07781 2]
88 W Zr 10 1.83433 2,65 0.19  0.70068 2]
89 W  Nb 49 127899 133 006 021044 2]
90 W Mo 47 12687 208  -0.01  0.28081 2]
91 W Ru 32 119358 216  -0.07  0.37601 2]
2 W Rh 5.7 140041 315  -0.06  0.43334 2]
9B W Pd 11.7 215679 501  -0.03  0.70752 2]
94 W Hf 9.5 1.82597 246 017 037037 2]
9% W Ta 32 1.22665 0.8 006  -0.05256 2]
9% W Re 0 1.04639 087  -0.03  0.08718 2]
97 W Os 0.2 0.9993 073  -006  0.12823 2]
98 W Ir 2.7 119277 196  -005  0.16962 2]
9 W Pt 6.7 148015 306  -0.02  0.40042 2]
100 W Sb 7.7 2.24712 35 -0.01  1.2064 2]
101 W Li 8.9 358165  4.62  -0.04  1.06959 2]
102 W Sn 6.9 204016 311  -0.05  0.72343 2]
103 W «d 9.9 498771 509  -0.03  0.58351 2]
104 W Si 1.9 092022 162  -028  0.31507 2]
105 W Ni 26 0.85991  1.81  -0.35  0.05078 2]
106 W Hf 0.5 099544  -0.19  -0.02  -0.00311 2]
107 W  Nb 5.1 069725  -132  -0.13  -0.10572 2]
108 W Cr -0.3 1.00778 215  -0.32  -0.17101 2]
109 W Fe -0.8 090546 197  -0.33  -0.34306 2]
110 Al Cr 45 068417 -071  -015 -1.61268 3]
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Table S3. Values of RMSE and 72 for the SVM model with RBF kernel with different combinations of

input features.

Amount Feature RMSE 72

AH + AR 0.354 0.880

AC + AR 0.375 0.864

” RS+ AR 0.377 0.863
AH+ AC 0.383 0.862

RS+ AC 0.415 0.834

AH +RS 0.423 0.828

AH + AC+AR 0.339 0.889

3 AH+RS+ AR 0.352 0.881
AH+RS+AC 0.377 0.864

RS+AC+ AR 0.385 0.857

4 AH+ RS+ AC + AR 0.359 0.876
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Table S4. Values of RMSE and r? for three ML models with best performance using different
combinations of features on strengthening energies.

Amount Method Features RMSE 12
L-SVR AC+ AR 0.398 0.848
2 RBF-SVR AH + AR 0.354 0.880
ANN AH + AR 0.349 0.883
L-SVR AH+ AC+ AR 0.397 0.849
3 RBE-SVR AH+ AC+ AR 0.339 0.889
ANN AH+ AC+ AR 0.334 0.881

L-SVR AH+AS+AC+AR 0406 0.843
4 RBF-SVR AH+AS+AC+AR 0359 0.876
ANN AH+AS+AC+AR 0332 0.894
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