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Table S1 Data of Co-Al-W-X, Co-V-Ti-X and Co-V-Ir-X systems for training machine

learning models.

main main main Occu  Struct

™ Cu Cip Cyu B G E
#1  #2  #3 pancy  ure
Co Al W  Sc Al L1, 323 182 176 229 122 311
Co Al W T Al L1, 336 190 183 239 126 323
Co Al W \Y Al L1, 360 184 188 243 139 349
Co Al W Cr Al L1, 373 182 192 245 145 364
Co Al W  Mn Al L1, 358 175 182 234 138 345
Co Al W  Fe Co D019 - - - - - -
Co Al W Ni Co L1, 294 174 171 214 113 287
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For the mechanical properties of D019 structure is more stable than L1, structure.
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the mechanical properties of L1, phase are meaningless.

Table S2 Parameters of machine learning models

Models n_estimators max_depth max_features
Occupied sites prediction model 150 5 8
Stability prediction model 100 9 1
C11 prediction model 200 7 4
C12 prediction model 200 6 7
C 44 prediction model 200 4 6
Bulk modulus prediction model 250 7 4
Shear modulus prediction model 250 5 8
Elastic modulus prediction model 250 6 5

Table S3 Correspondence between full name of features and codes

Feature full name Doping element  Main Element#2  Main Element #3
Melting Point 1A 2A 3A
Boiling Point 1B 2B 3B

Density 1C 2C 3C
Relative Atomic Mass 1D 2D 3D
Atomic Radius,

Non-bonded 1 2 3
Covalent Radius 1F 2F 3F
Electronegativity 1G 2G 3G

1st lonization Energy 1H 2H 3H

Occupied Position 1] - -
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Fig. S1 Schematic illustration of the interaction between ML model and

first-principles calculations for iteratively improving ML model performance.
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Fig. S2 Two routes for predicting mechanical properties of L1, phase. Route | sets

Cu, C12 and C44 as Y, and calculates the mechanical properties including B, G, E
according the formulars; Route Il computes mechanical properties including B, G, E

directly.
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Fig. S3 The model performance of each regression model in terms of the R. R*. MAE
and RMSE on the training set by 10-fold cross-validation (Route 1). (a) R, R? and (b)

True Value (GPa)

True Value (GPa)

MAE, RMSE of Cy, (c) R, R? and (d) MAE, RMSE of C1,, (e) R, R? and (f) MAE,

RMSE of Cy4.; Predictions on the mechanical properties of L1, phase in Co-based
superalloys based on AdaBoost Regression model (Route I). The X axis represents the
true value, and the Y axis represents the predicted value. When the true value is equal
to the predicted value, the data will be distributed on a dashedline that passes through

the origin, and the slope of the dashed line is 1. (g) Cy, (h) C12, (i) Ca4
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Fig. S4 The optimization process of the mechanical property prediction models of L1,

phase. The red, green and blue data points represent the prediction results of the

machine

learning model

without modified, modified once,

respectively. The results should be compared with first-principles calculations. (a) B,
(b) G, and (c) E of Co-V-Ta-based system; (d) B, (e) G, and (f) E of Co-Al-V-based

system

modified twice,



(a)

0.9t

pa Original
r 1 Modified 1

[}
=
. o
ra Modified 2 >

0.3r

0.0

(c)

06}

o1

bl |

0.9t

pa Original )
» 2 Modified 1 2
ra Modified 2 >

0.3}

0.0

(e)

1.00F

wa Original o
¢ 1 Modified 1 r—?,
wa Modified 2 >

0.96

0.6

1

b |

0.98F

—

R

R

2

(b)

12F

Value

MAE RMSE

(d)

12

Value
[s2]

MAE RMSE

®
30

20t

Value

10}

MAE RMSE

Fig. S5 The optimization process of model performance of mechanical properties
prediction model of L1, phase in Co-V-Ta-based system. The red, green and blue bars
represent the prediction results of the machine learning model without modified,
modified once, modified twice, respectively. (a) R and R? and (b) MAE and RMSE of
Bulk modulus (B), (c) R and R? and (d) MAE and RMSE of Shear modulus (G), () R
and R® and (f) MAE and RMSE of Young’s modulus (E)
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Fig. S6 The improvement process of model performance of mechanical properties
prediction model of L1, phase in Co-Al-V-based system. The red and green bars
represent the prediction results of the machine learning model without modified and
modified once, respectively. The results should be compared with first-principles
calculations. (a) R and R? and (b) MAE and RMSE of Bulk modulus (B), (c) R and R?
and (d) MAE and RMSE of Shear modulus (G), (e) R and R? and (f) MAE and RMSE
of Young’s modulus (E)



Calculation methods

The elastic constant (C) can be written in the form of a 6 x 6 matrix:

()
Gi=ZjCijxgj= O_z =
Os
O¢

where gi, ¢; and Cj; donate the stress, strain and elastic constants, respectively. The
strain characterized by the tensor ¢ = (e1, 2, €3, €4, €5, €6) 1S applied on the supercell
to produce an infinitesimal deformation. The stress is defined as the first derivative of
the total elastic strain energy with respect to the corresponding strain. The stress
tensors o = (o1, 02, 03, 04, 05, o) Will be generated after the crystal structure is
deformed by the strain e.

Because of the cubic symmetry, only three independent elastic constants C;,
C,, and C,, are required to describe the elastic constants. The C;;. C;, and Cyy
can be calculated as follows[1]:

611 = (C11 + Cyy + C33)/3 511 = (511 + 82, + 533)/3' (5)
612 = (C12 + Cy3 + Cz3)/3 512 = (512 + 813+ 523)/3, (6)
644 = (644 + Css + C66)/3 544 = (544 + Ss5 + 566)/31 (7)

wherefl-jis flexible constant matrix. The S_ij can be obtained by inverting the elastic
constant matrix C;;.

The elastic properties of the L1, phase are characterized via the Voigt-Reuss-Hill
(VRH) approximation as follows[2]-[4]:

B, = (C11 + 2C1,)/3 Bg = 1/(3S;; + 6S5,), (8)
Gy = (C11 — Cip +3C44)/5 Ggr = 5/(4S11 — 4515 + 3S44), 9)
E, = (9B,G,)/(3B, + Gy) Er = (9BrGr)/(3Bg + Gg), (10)
B = (B, + Bp)/2, (11)
G = (G, + Gr)/2, (12)
E=(E,+ER)/2, (13)
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