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S1. Distribution of the properties

Figure S1 shows the distribution of M; (T), Hc (A/m), Tc (K), p (uQ - cm), o (MPa), g,
(MPa), 6 (%), Hy(HV) and Cost (USD/kg). It can be observed that the reported My, H., Tc, p,
and 6 values are more concentrated to values in the range 2-2.5 T, 0-500 A/m, 1150-1250 K,
0-20 uQ - cm, and 0-10%, respectively. g, g,,, Hy, and Cost have a uniform distribution over
large range of values but have comparative less data for respective higher values. From the
perspective of the machine learning process for designing alloys, both attractive and

unattractive property values are beneficial and reduce the bias in model building and prediction.

(a) Distribution of Mg (b) Distribution of H, ((3:) Distribution of T,
175 =
H} 9230 4 300
£150 < <
& 125 5 200 S 250
£ 100 £ 150 8200
o 75 [a) 0 150
— « 100 —
Cf 50 0_ 0_ 100
o [«] o
=2 25 = o0 = 50
b 0.5 1.0 15 2.0 2.5 0 2000 4000 6000 8000 0360 400 600 800 1000 1200 1400
T Alm K
(d) Distribution of p (e) Distribution of o (f) Distribution of o,
70 50
4 n 50 9
€60 £ £ 40
8 50 8 40 8
% 40 % 30 % 30
[a] [a} [a}
== o 20 o 20
© 20 °© °©
<] o S 10
=210 b 40 Z
% 20 40 60 80 100 120 07250 500 750 1000125015001750 20002250 250 500 750 10001250 150017502000
HQ-cm MPa MPa
(g) Distribution of 6 (h) Distribution of Hy, (') Distribution of Cost
70 40
£ 60 £3s
S50 S30
S 40 E 25
@© ©
Q30 a2
Y= w 15
© 20 C 10
] <]
= 10 Z 5

0

0 10 20 30 40 50 60 70 80

100 200 300 400 500
% HV USD/kg

0 5 10 15 20 25 30 35

Figure S1. Distribution of (a)-(c) magnetic properties (M, H., T.), (d) electrical resistivity (p), (e)-(h) mechanical
properties (g, gy, §, Hy), and (w) Cost in the database. The solid continuous lines are kernel density estimations

which show the probability density function of the data entries for each property.

S2. Hyperparameter optimization and model building for imputation

strategy
The 12 types of ML models used in the imputation strategy, as explained in Section 3, are:
(1) Linear Regression (Linear),

(11) Ridge Regression (Ridge),



(ii1))  Lasso Regression (Lasso),

(iv)  K-Nearest Neighbors Regression (KNNR),

(v) Support Vector Regression (SVR),

(vi)  Decision Tree Regression (DTR),

(vil)  Gradient Boosting Regression (GBR),

(viii)) Random Forest Regression (RFR),

(ix)  Extra Trees Regression (ETR),

(x) XGBoost Regression (XGBR),

(xi)  Deep Neural Network Regression with same number of units in all the hidden layers
(DNNR rectangle), and

(xi1)) Deep Neural Network Regression with different number of units in all the hidden

layers (DNNR random).

A 5-fold cross validation hyperparameter optimization for all the models, except Linear
and DNN models, was performed. For Lasso and Ridge, LassoCV and RidgeCV was used from
Scikit-Learn respectively to optimize hyperparameters. By default, LassoCV and RidgeCV
incorporate 5-fold cross validation to find the optimized alpha and for this training data (80%
of total no. of data points) was used. For DNN models, the Hyperband! algorithm was used
from KerasTuner® to obtain optimized hyperparameters. For other models, gp_minimize
(Bayesian Optimization algorithm based on Gaussian process) from Scikit-Optimize® was used
for hyperparameter optimization with a target to minimize the objective function of average of
mean absolute error (MAE) for 5-fold cross validation on training data set (80% of total no. of
data points). The BO algorithm followed in this function is described in Table S1 below.
According to the imputation strategy narrated in Section 2.2, the list of various ML regression
models used and their selected hyperparameters for optimization is shown in Table S2. In

Table S3, optimized hyperparameters value for each step of the imputation strategy is reported.

Table S1. BO algorithm followed in gp_minimize from Scikit-Optimize®

1. The gains are initialized, g;=0

2. fort=1,2,3,.....do

3. Each acquisition functions is optimized independently to propose a candidate X;. A total of
10000 candidates are proposed.

4. Out of 10000 candidates, the next Xy is chosen using sofimax(ng;).



5. The surrogate model (Gaussian Process regression to model the defined objective function)

is fitted with (Xpesr, Y pest)-

6. The gains are updated, g; —= u(Xy)

7. end for

Table S2. Different ML regression models and their hyperparameters used for optimization for

imputation strategy

ML Regression Models Hyperparameters for optimization
Linear -
Ridge alpha
Lasso alpha
KNNR n_neighbors, algorithm, leaf size, p
SVR kernel, gamma, C
DTR criterion, splitter, max_depth
GBR learning_rate, loss, n_estimators, max_depth, alpha
RFR n_estimators, max_depth
ETR n_estimators, max_depth
XGBR eta, n_estimators, max_depth, subsample, colsample bytree

DNNR rectangle

DNNR random

num_dense layers, units (same for all dense layers), activation,
learning_rate, optimizer, batch_size, epochs
units (for each dense layer), activation, learning_rate, optimizer,

batch_size, epochs

Table S3. Optimized hyperparameters value for different ML regression models for imputation strategy

ML Regression
Mapping Models Optimized Hyperparameters value
Linear -
Ridge alpha =7.478
Lasso alpha = 0.0024
Composition KNNR n_neighbors = 9, algorithm = 'auto', leaf size=1,p=1
to Ms SVR kernel = 'rbf', gamma = 0.0051, C = 100
(no. of data DTR criterion = 'absolute error', splitter = 'random', max_depth =21
points = 907) GER learning_rate = 0.094, loss = 'quantile', n_estimators = 677,
max_depth = 50, alpha = 0.55
RFR n_estimators = 2000, max_depth = 18
ETR n_estimators = 1337, max_depth =26




XGBR

eta=0.149, n_estimators = 139, max_depth = 20, subsample = 1,
colsample bytree = 0.794

DNNR rectangle

num_dense layers = 2, units (same for all dense layers) = 73,
activation = 'relu’, learning_rate = 0.0262, optimizer = 'Adam’,

batch_size =43, epochs = 100

num_dense_layers (same as DNNR rectangle) = 2, units (for

DNNR random  each dense layer) = (156, 34), activation = 'relu’, learning_rate =
0.008, optimizer = 'RMSprop', batch_size = 8, epochs = 100
Linear -
Ridge alpha=5.719
Lasso alpha =0.102
KNNR n_neighbors = 3, algorithm = 'brute', leaf size =50,p=1
SVR kernel = 'rbf', gamma = 0.194, C =90.414
DTR criterion = 'absolute error', splitter = 'random’, max_depth = 18
learning_rate = 0.036, loss = 'huber', n_estimators = 95,
GBR
- max_depth =7, alpha=0.012
Composition
RFR n_estimators = 227, max_depth =11
to logioH. - -
ETR n_estimators = 347, max_depth = 12
(no. of data - -
) eta=0.022, n_estimators = 179, max_depth = 20, subsample =
points = 602) XGBR Bl -

0.433, colsample_bytree = 1

DNNR rectangle

num_dense_layers = 9, units (same for all dense layers) = 138,
activation = 'tanh', learning_rate = 0.00065, optimizer =

'RMSprop', batch_size = 56, epochs = 100

num_dense_layers (same as DNNR rectangle) = 9, units (for

each dense layer) = (686, 837, 456, 609, 987, 493, 749, 423, 71),

DNNR_random
activation = 'elu’, learning_rate = 0.000084, optimizer =
'RMSprop', batch_size = 71, epochs = 100
Linear -
Ridge alpha = 48.901
Lasso alpha =0.078
Composition _ _ .
lown T KNNR n_neighbors = 9, algorithm = 'kd_tree', leaf size=1,p=1
to logioT.
SVR kernel = 'rbf', gamma = 0.132, C =100
(no. of data
) DTR criterion = 'squared_error', splitter = 'best', max_depth = 48
points = 874)
GBR learning_rate = 0.0086, loss = 'huber', n_estimators = 1000,
max_depth =41, alpha=10.9
RFR n_estimators = 1, max_depth = 37




ETR n_estimators = 282, max_depth = 44

eta = 0.456, n_estimators = 148, max_depth = 20, subsample = 1,
XGBR
colsample bytree = 1

num_dense_layers = 4, units (same for all dense layers) = 48,
DNNR rectangle  activation = 'relu’, learning_rate = 0.0027, optimizer = 'Adam’,

batch_size =47, epochs = 100

num_dense_layers (same as DNNR rectangle) = 4, units (for

each dense layer) = (389, 111, 139, 249), activation = 'tanh’,

DNNR_random
B learning_rate = 0.0022, optimizer = 'Adam', batch_size = 95,
epochs = 100
Linear -
Ridge alpha =21.868
Lasso alpha=0.012
KNNR n_neighbors = 4, algorithm = 'ball_tree', leaf size=1,p=1
SVR kernel = 'rbf', gamma = 0.574, C = 28.092
DTR criterion = 'squared_error', splitter = 'random', max_depth = 39
learning_rate = 0.0175, loss = 'absolute_error', n_estimators =
Composition GBR 924, max_depth = 39, alpha = 0.248
to logop (no. RFR n_estimators = 2000, max_depth =25
of data points ETR n_estimators = 383, max_depth = 16
=421) eta=0.082, n_estimators = 200, max_depth = 8, subsample =
XGBR

0.403, colsample bytree = 1

num_dense_layers = 2, units (same for all dense layers) = 469,
DNNR rectangle activation = 'tanh', learning_rate = 0.00019, optimizer = 'Adam’,

batch_size =22, epochs = 100

num_dense_layers (same as DNNR rectangle) = 62units (for
DNNR random each dense layer) = (828, 118), activation = 'tanh', learning_rate =
0.00036, optimizer = 'Adam’, batch_size = 18, epochs = 100

Linear -
Ridge alpha =21.868
Composition Lasso alpha = 0.000001
to log o6 (no. KNNR n_neighbors = 3, algorithm = 'auto', leaf size =50,p=1
of data points SVR kernel = 'rbf', gamma = 0.013, C =100
=246) DTR criterion = 'absolute error', splitter = 'random', max_depth =16
GBR learning_rate = 0.024, loss = 'absolute_error', n_estimators = 354,

max_depth = 7, alpha = 0.028




n_estimators = 390, max_depth = 40

ETR

n_estimators = 7, max_depth = 12

XGBR

eta = 0.0848, n_estimators = 168, max_depth = 16, subsample =
0.405, colsample bytree =0.213

DNNR rectangle

num_dense_layers = 6, units (same for all dense layers) = 431,
activation = 'elu', learning_rate = 0.000084, optimizer = 'Adam’,

batch size =9, epochs = 100

num_dense_layers (same as DNNR_rectangle) = 6, units (for

each dense layer) = (579, 627, 291, 431, 410, 877), activation =

DNNR_random
B 'tanh’, learning_rate = 0.00027, optimizer = 'Adam', batch_size =
32, epochs = 100
Linear -
Ridge alpha = 0.000001
Lasso alpha = 0.000001
KNNR n_neighbors = 5, algorithm = 'auto’, leaf size=1,p=1
loggo to SVR kernel = 'rtbf', gamma = 0.022, C = 96.342
logioHy (no. DTR criterion = 'squared_error', splitter = rTandom’, max_depth = 7
of data points learning_rate = 0.021, loss = 'squared_error', n_estimators = 947,
=106) GBR max_depth =1, alpha = 0.9
RFR n_estimators = 596, max_depth =4
ETR n_estimators = 49, max_depth =4
XGBR eta=0.205, n_estimators = 92, max_depth = 1, subsample =
0.161, colsample bytree = 0.005
Linear -
Ridge alpha =0.391
Lasso alpha = 0.000001
KNNR n_neighbors = 12, algorithm = 'ball-tree', leaf size=45,p=>5
logioy, to SVR kernel = 'sigmoid', gamma = 0.05, C = 100
logioHy (no. DTR criterion = 'squared_error', splitter = 'random’, max_depth =9
of data points GBR learning_rate = 0.058, loss = 'quantile’, n_estimators = 521,
=89) max_depth = 34, alpha=0.211
RFR n_estimators = 7, max_depth =41
ETR n_estimators = 2000, max _depth =6
XGBR eta= 1, n_estimators = 104, max_depth = 1, subsample = 1,
colsample bytree = 0.005
Linear -




Ridge alpha =37.395
Lasso alpha =0.035
KNNR n_neighbors = 4, algorithm = 'kd_tree', leaf size =50,p=1
SVR kernel = 'rbf', gamma = 0.085, C =100
DTR criterion = 'absolute error', splitter = 'random’, max_depth =17
learning_rate = 0.052, loss = 'quantile’, n_estimators = 280,
GBR max_depth = 50, alpha = 0.373
Composition RFR n_estimators = 135, max_depth = 10
to logioHy ETR n_estimators = 1424, max_depth = 15
(no. of data eta=0.033, n_estimators = 86, max_depth = 14, subsample =
XGBR

points = 331)

0.858, colsample bytree = 1

DNNR rectangle

num_dense layers = 8, units (same for all dense layers) = 385,
activation = 'tanh', learning_rate = 0.0021, optimizer = 'SGD',

batch_size = 48, epochs = 100

DNNR random

num_dense_layers (same as DNNR rectangle) = 8, units (for
each dense layer) = (345, 623, 985, 170, 251, 416, 473, 858),
activation = 'elu’, learning_rate = 0.00028, optimizer = 'Adam’,

batch_size =59, epochs = 100

S3. Hyperparameter optimization and performance of multi-property

models

After filling the empty spaces in database using the imputation strategy, the filled

database of 1208 data points was used to build multi-property predictive models as described

in Section 2.3. Table S4 describes the ML regression models used and their selected

hyperparameters for optimization. The optimization of hyperparameters is performed in a

similar way as narrated in Section S2. For each of the ML regression models, the optimized

hyperparameters value for the models RFR, ETR, DNNR rectangle and DNNR random and

set hyperparameters value for the models NNR 3layers and NNR 4layers in Table S5.

Table S4. Different multi-property ML regression models and their hyperparameters used for

optimization

ML Regression Models

Hyperparameters for optimization

RFR

n_estimators, max_depth, min_samples_split, min_samples_leaf



ETR

DNNR rectangle

DNNR random

n_estimators, max_depth, min_samples_split, min_samples_leaf

num_dense_layers, units (same for all dense layers), activation,
learning_rate, optimizer, batch_size, epochs

units (for each dense layer), activation, learning_rate, optimizer,

batch_size, epochs

Table S5. Optimized hyperparameters value for different multi-property ML regression models

ML Regression Models Optimized/Set Hyperparameters value
n_estimators = 139, max_depth = 72, min_samples_split =2,
RER min_samples leaf =1
ETR n_estimators = 230, max_depth = 81, min_samples_split =2,
min_samples leaf =1
num_dense layers = 3, units = (128,64,32), activation = ‘relu’, initially
NNR 3layers learning_rate is 0.0001 but it is adaptive, optimizer = ‘Adam’,
batch_size =32, epochs = 96
num_dense layers = 4, units = (256,128,64,32), activation = ‘relu’,
NNR 4layers initially learning_rate is 0.0001 but it is adaptive, optimizer = ‘Adam’,

DNNR rectangle

DNNR random

batch_size =32, epochs = 96
num_dense_layers = 11, units (same for all dense layers) = 356,
activation = 'tanh', learning_rate = 0.000092, optimizer = 'Adam’,
batch_size =27, epochs = 100
num_dense_layers (same as DNNR rectangle) = 12, units (for each
dense layer) = (1057, 936, 805, 1320, 954, 46, 705, 1173, 1474, 752,
259, 808), activation = 'tanh', learning_rate = 0.0063, optimizer = 'SGD’,
batch_size = 72, epochs = 100

The same hyperparameters value was used for multi-property ML regressors with composition

and Wen alloy physical descriptors as input features except for epochs in NNR 3layers Wen

and NNR 4layers Wen models which was set to 128.

As mentioned in Section 3.3.1, the predicted vs. experimental values along with the

performance metrics of each property for both training and testing set for the 4 models — ETR,

ETR _Wen, NNR 4layers, and NNR 4layers Wen, are shown in Figure S2, Figure S3,

Figure S4, and Figure S5, respectively.
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Figure S2. Predicted vs. Experimental values and performance metrics (RMSE, MAE, R?) of M;, log0H,, log 0T,

logiop, log 09, logoHy, and log9Cost (in series from top to bottom) for training (all plots on left) and testing (all

plots on right) sets for ETR model.
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Figure S3. Predicted vs. Experimental values and performance metrics (RMSE, MAE, R?) of M;, logoH,, log 0T,

logiop, log 09, logoHy, and log9Cost (in series from top to bottom) for training (all plots on left) and testing (all

plots on right) sets for ETR Wen model.
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Figure S4. Predicted vs. Experimental values and performance metrics (RMSE, MAE, R?) of M;, log0H,, log 0T,
logiop, log 09, logoHy, and log9Cost (in series from top to bottom) for training (all plots on left) and testing (all
plots on right) sets for NNR_4layers model.
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Figure S5. Predicted vs. Experimental values and performance metrics (RMSE, MAE, R?) of M;, logoH,, log 0T,
logiop, log 09, logoHy, and log9Cost (in series from top to bottom) for training (all plots on left) and testing (all

plots on right) sets for NNR_4layers Wen model.
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S4. Experimental Validation of Forward Design Model

The forward design model was experimentally validated using 40 compositions. Based on the
predictions of the ETR model, absolute error between the predicted property value and
experimental property value for each experimental composition and finally the MAE of the
predictions were calculated and tabulated in Table S6, Table S7, Table S8, Table S9, Table
S10, and Table S11 for M, logioH., logioTe, logiop, logioHy, and logioCost respectively.
Similarly, the absolute errors and MAE were calculated and tabulated in Tables below for Mj,
logioH., logioTe, logiop, logioHy, and logoCost, respectively, based on NNR 4layers Wen
model predictions. The deviation percentage of predictions from experimental values are

calculated by the following formula:
Predicted — Actual
Deviation % = - x 100
Predicted

Using this formula, for each property the number of compositions within the +10 % deviation

range is estimated and mentioned after each table.

Table S6. Prediction, absolute error, and MAE of M, by the ETR model for 40 experimental

compositions

Experimental Predicted Absolute
S.No. Fe(at.%) Co (at.%) Ni (at.%)

M (T) M (T) error
1 10.47 39.7 49.83 1.37 1.297 0.073
2 10.47 29.76 59.77 1.18 1.212 0.032
3 10.47 19.83 69.7 1.08 1.103 0.023
4 10.46 9.91 79.63 0.95 0.967 0.017
5 20.82 9.86 69.32 1.31 1.179 0.131
6 31.07 9.81 59.12 1.29 1.404 0.114
7 41.22 9.76 49.02 1.41 1.595 0.185
8 34.49 32.69 32.82 1.6 1.91 0.31
9 41.28 48.9 9.82 1.97 2.154 0.184
10 31.13 59 9.87 1.91 2.204 0.294
11 20.87 69.2 9.93 1.88 2.025 0.145
12 10.49 79.53 9.98 1.87 1.882 0.012
13 10.49 69.55 19.96 1.69 1.85 0.16
14 10.48 59.6 29.92 1.6 1.567 0.033
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15 10.48 49.64 39.88 1.5 1.394 0.106

16 51.32 38.91 9.77 2.12 2.215 0.095
17 61.26 29.03 9.71 2.09 2.261 0.171
18 71.09 19.25 9.66 2.03 2.271 0.241
19 80.82 9.57 9.61 1.92 2.268 0.348
20 71.06 9.62 19.32 1.69 2.192 0.502
21 61.21 9.67 29.12 1.43 1.95 0.52
22 51.26 9.72 39.02 1.47 1.737 0.267
23 71.08 14.43 14.49 2 2.229 0.229
24 61.24 19.34 19.42 1.94 2.175 0.235
25 51.3 243 24.4 1.83 2.132 0.302
26 41.25 29.32 29.43 1.77 2.051 0.281
27 31.1 34.38 34.52 1.65 1.9 0.25
28 20.84 39.5 39.66 1.51 1.578 0.068
29 41.27 39.1 19.63 1.8 2.05 0.25
30 36.19 34.29 29.52 1.75 1.999 0.249
31 31.1 29.46 39.44 1.58 1.721 0.141
32 25.97 24.61 49.42 1.44 1.456 0.016
33 20.82 19.73 59.45 1.35 1.257 0.093
34 15.65 14.83 69.52 1.17 1.144 0.026
35 41.23 19.54 39.23 1.64 1.72 0.08
36 36.18 29.39 34.43 1.71 1.864 0.154
37 31.1 39.3 29.6 1.71 2.051 0.341
38 25.99 49.27 24.74 1.73 2.082 0.352
39 20.86 59.29 19.85 1.73 1.826 0.096
40 15.69 69.38 14.93 1.76 1.952 0.192

Mean Absolute Error (MAE) 0.183

The ETR model was able to predict the My of 22 compositions within £10% deviation range

compared to experimental values.
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Table S7. Prediction, absolute error, and MAE of log;sH. by ETR model for 40 experimental

compositions
S. Fe Co Ni Experimental Predicted logipH:. Absolute
No. (at.%) (at.%) (at.%) logioH.: (logio(A/m)) (logi0(A/m)) error
1 10.47  39.7  49.83 3.144 2.771 0.373
2 10.47 29.76  59.77 2.98 2.567 0.413
3 10.47 19.83 69.7 2.961 2.353 0.608
4 1046  9.91 79.63 2.874 1.719 1.155
5 2082  9.86  69.32 2.591 1.605 0.986
6 31.07  9.81 59.12 2.679 1.103 1.576
7 4122 976  49.02 2.223 1.089 1.134
8 3449 32,69 32.82 2.793 2.58 0.213
9 41.28 489 9.82 3.062 3.494 0.432
10 31.13 59 9.87 2.758 3.485 0.727
11 20.87  69.2 9.93 2.7 3.112 0.412
12 1049  79.53 9.98 2.835 3.037 0.202
13 10.49  69.55 19.96 3.001 2.796 0.205
14 1048 59.6  29.92 2.845 2.839 0.006
15 10.48 49.64 39.88 2.85 2.861 0.011
16 51.32  38.91 9.77 3.053 3.111 0.058
17 61.26  29.03 9.71 3.053 2.863 0.19
18 71.09  19.25 9.66 2973 2.466 0.507
19 80.82  9.57 9.61 3.091 2.713 0.378
20 71.06  9.62 19.32 3.166 2.739 0.427
21 61.21 9.67  29.12 3.062 2.078 0.984
22 5126  9.72 39.02 2.85 1.601 1.249
23 71.08 1443  14.49 3.322 2.626 0.696
24 61.24 1934 1942 3.182 2.694 0.488
25 51.3 243 24.4 2.942 2.947 0.005
26 41.25 2932 2943 2.554 2.957 0.403
27 31.1 3438  34.52 2.457 2.388 0.069
28 20.84 395 39.66 2.564 2.408 0.156
29 41.27  39.1 19.63 2.922 3.122 0.2
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30 36.19 3429  29.52 2.573 2.896 0.323

31 31.1 29.46  39.44 2.625 1.577 1.048
32 2597 2461 4942 2.608 0.904 1.704
33 20.82  19.73  59.45 2.672 2.245 0.427
34 15.65 14.83  69.52 2.83 2.063 0.767
35 41.23 19.54 39.23 2.686 1.605 1.081
36 36.18 2939  34.43 2.625 2.409 0.216
37 31.1 39.3 29.6 2.686 2.946 0.26
38 2599 4927 24.74 2.657 2.889 0.232
39 20.86 5929  19.85 2.617 2.618 0.001
40 15.69 6938 14.93 2.733 2.992 0.259

Mean Absolute Error (MAE) 0.515

The ETR model was able to predict the logioH. of 16 compositions within £10% deviation

range compared to experimental values.

Table S8. Prediction, absolute error, and MAE of log;sT. by ETR model for 40 experimental

compositions

S. Fe Co Ni Experimental logioT. Predicted logioT. Absolute

No. (at.%) (at.%) (at.%) (log10(K)) (log1o(K)) error
1 10.47 39.7 49.83 3.032 3.042 0.01
2 1047  29.76  59.77 3.005 3.01 0.005
3 10.47  19.83 69.7 2971 2.962 0.009
4 10.46 9.91 79.63 2.948 2.899 0.049
5 20.82 9.86 69.32 2.954 2.87 0.084
6 31.07 9.81 59.12 2.945 2.926 0.019
7 41.22 9.76 49.02 2.951 2.93 0.021
8 3449 32,69 3282 3.009 2.991 0.018
9 41.28 48.9 9.82 3.063 3.067 0.004
10 31.13 59 9.87 3.066 3.092 0.026
11 20.87 69.2 9.93 3.103 3.137 0.034
12 10.49  79.53 9.98 3.11 3.111 0.001
13 1049  69.55 19.96 3.09 3.105 0.015
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14 10.48 59.6 29.92 3.077 3.081 0.004

15 10.48 49.64 39.88 3.06 3.057 0.003
16 51.32 3891 9.77 3.069 3.072 0.003
17 61.26  29.03 9.71 3.064 3.056 0.008
18 71.09  19.25 9.66 3.068 3.032 0.036
19 80.82 9.57 9.61 3.018 3.006 0.012
20 71.06 9.62 19.32 2.998 2.967 0.031
21 61.21 9.67 29.12 2.943 2.848 0.095
22 51.26 9.72 39.02 2.94 2.884 0.056
23 71.08 1443  14.49 3.007 2.999 0.008
24 61.24 1934 1942 3 2.992 0.008
25 51.3 243 24.4 3.015 2.987 0.028
26 41.25 2932 2943 3.006 2.986 0.02
27 31.1 3438  34.52 3.037 2.996 0.041
28 20.84 39.5 39.66 3.037 3.02 0.017
29 41.27 39.1 19.63 3.024 3.012 0.012
30 36.19 3429  29.52 3.003 3.001 0.002
31 31.1 29.46  39.44 3.01 2.98 0.03
32 2597 2461 4942 3.001 2.966 0.035
33 20.82  19.73  59.45 2.988 2951 0.037
34 15.65 14.83  69.52 2.96 2.874 0.086
35 41.23 19.54 39.23 2.975 2.939 0.036
36 36.18 2939  34.43 3.024 2.978 0.046
37 31.1 39.3 29.6 3.028 3.015 0.013
38 2599 4927 24.74 3.064 3.043 0.021
39 20.86 5929  19.85 3.064 3.091 0.027
40 15.69 6938 14.93 3.088 3.114 0.026

Mean Absolute Error (MAE) 0.026

The ETR model was able to predict the /ogioT. of all 40 compositions within +10% deviation

range compared to experimental values.
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Table S9. Prediction, absolute error, and MAE of logiy p by ETR model for 40 experimental

compositions
S. Fe Co Ni Experimental logiopp  Predicted logigp Absolute
No. (at.%) (at.%) (at.%) (logi1o(p€2-cm)) (logio(p€2-cm)) error
1 10.47 39.7 49.83 1.422 1.042 0.38
2 1047  29.76  59.77 1.31 1.056 0.254
3 10.47  19.83 69.7 1.292 1.055 0.237
4 10.46 9.91 79.63 1.281 1.134 0.147
5 20.82 9.86 69.32 1.352 1.164 0.188
6 31.07 9.81 59.12 1.423 1.227 0.196
7 41.22 9.76 49.02 1.589 1.372 0.217
8 3449 32,69 3282 1.423 1.261 0.162
9 41.28 48.9 9.82 1.246 1.069 0.177
10 31.13 59 9.87 1.193 1.122 0.071
11 20.87 69.2 9.93 1.188 1.153 0.035
12 10.49  79.53 9.98 1.196 1.239 0.043
13 1049  69.55 19.96 1.228 1.38 0.152
14 10.48 59.6 29.92 1.369 1.147 0.222
15 10.48 49.64  39.88 1.34 1.375 0.035
16 5132 38091 9.77 1.217 1.148 0.069
17 61.26  29.03 9.71 1.21 1.23 0.02
18 71.09  19.25 9.66 1.279 1.342 0.063
19 80.82 9.57 9.61 1.369 1.396 0.027
20 71.06 9.62 19.32 1.479 1.438 0.041
21 61.21 9.67 29.12 1.663 1.437 0.226
22 51.26 9.72 39.02 1.667 1.437 0.23
23 71.08 1443 1449 1.501 1.396 0.105
24 61.24 1934 1942 1.435 1.267 0.168
25 51.3 243 24.4 1.415 1.252 0.163
26 4125 2932 2943 1.412 1.262 0.15
27 31.1 3438  34.52 1.425 1.268 0.157
28 20.84 39.5 39.66 1.528 1.253 0.275
29 41.27 39.1 19.63 1.516 1.171 0.345
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30 36.19 3429  29.52 1.41 1.272 0.138

31 31.1 29.46  39.44 1.367 1.247 0.12
32 2597 2461 4942 1.346 1.299 0.047
33 20.82  19.73  59.45 1.336 1.098 0.238
34 15.65 14.83  69.52 1.375 1.111 0.264
35 41.23 19.54 39.23 1.54 1.33 0.21
36 36.18 2939  34.43 1.391 1.254 0.137
37 31.1 39.3 29.6 1.344 1.293 0.051
38 2599 4927 24.74 1.358 1.27 0.088
39 20.86 5929  19.85 1.265 1.263 0.002
40 15.69 6938 14.93 1.258 1.239 0.019

Mean Absolute Error (MAE) 0.147

The ETR model was able to predict the log;op of 16 compositions within +10% deviation range

compared to experimental values.

Table S10. Prediction, absolute error, and MAE of log;oHy by ETR model for 40 experimental

compositions
S. Fe Co Ni Experimental Predicted logioHy Absolute
No. (at.%) (at.%) (at.%) logioHy (logio(HV)) (log10(HV)) error
1 10.47  39.7  49.83 2.134 2.168 0.034
2 10.47  29.76  59.77 2.187 2.205 0.018
3 10.47 19.83 69.7 2.193 221 0.017
4 10.46  9.91 79.63 2.198 2.294 0.096
5 20.82  9.86 69.32 2.25 2.347 0.097
6 31.07  9.81 59.12 2.27 2.269 0.001
7 4122 976  49.02 2.318 2.325 0.007
8 3449 32,69 32.82 2.345 2.519 0.174
9 41.28 489 9.82 2.432 2.572 0.14
10 31.13 59 9.87 2.424 2.466 0.042
11 20.87  69.2 9.93 2.239 242 0.181
12 10.49  79.53 9.98 2.202 2.324 0.122
13 10.49  69.55 19.96 2.189 2411 0.222

19



14 10.48 59.6 29.92 2.192 2.213 0.021

15 10.48 49.64 39.88 2.238 2411 0.173
16 51.32 3891 9.77 2.496 2.64 0.144
17 61.26  29.03 9.71 2.444 2.556 0.112
18 71.09  19.25 9.66 2.373 2.434 0.061
19 80.82 9.57 9.61 2.335 2.496 0.161
20 71.06 9.62 19.32 2.381 2.489 0.108
21 61.21 9.67 29.12 2.439 2.469 0.03
22 51.26 9.72 39.02 2.293 2451 0.158
23 71.08 1443  14.49 2.548 2.461 0.087
24 61.24 1934 1942 2.609 2.558 0.051
25 51.3 24.3 24.4 2.417 2.592 0.175
26 41.25 2932 2943 2.328 2.562 0.234
27 31.1 3438  34.52 2.344 2.485 0.141
28 20.84 39.5 39.66 2.263 2.301 0.038
29 41.27 39.1 19.63 2.364 2.597 0.233
30 36.19 3429  29.52 2.327 2.534 0.207
31 31.1 29.46  39.44 2.358 2.461 0.103
32 2597 2461 4942 2.286 2.272 0.014
33 20.82  19.73  59.45 2.321 2.161 0.16
34 15.65 14.83  69.52 2.204 2.349 0.145
35 41.23 19.54 39.23 2316 2.476 0.16
36 36.18 2939  34.43 2312 2.524 0.212
37 31.1 39.3 29.6 2.303 2.491 0.188
38 2599 4927 24.74 2.302 2.476 0.174
39 20.86 5929  19.85 2.242 2431 0.189
40 15.69 6938 14.93 2.252 2.375 0.123

Mean Absolute Error (MAE) 0.119

The ETR model was able to predict the logofy of all 40 compositions within £10% deviation

range compared to experimental values.
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Table S11. Prediction, absolute error, and MAE of /og;sCost by ETR model for 40 experimental

compositions
5. Fe Co Ni Experimental Predicted Absolute
No. (at.%) (at.%) (at.%) logioCost fogioCost error
(log1o($/kg)) (log10($/kg))
1 1047  39.7  49.83 1.303 1.307 0.004
2 1047 29.76  59.77 1.261 1.265 0.004
3 1047 19.83  69.7 1.213 1.205 0.008
4 1046  9.91 79.63 1.16 1.146 0.014
5 20.82 9.86  69.32 1.117 1.107 0.01
6 31.07  9.81 59.12 1.07 1.048 0.022
7 4122  9.76  49.02 1.017 1.001 0.016
8 3449 32,69 32.82 1.196 1.194 0.002
9 41.28 489 9.82 1.254 1.254 0
10 31.13 59 9.87 1.326 1.325 0.001
11 20.87  69.2 9.93 1.388 1.388 0
12 1049  79.53  9.98 1.442 1.43 0.012
13 1049  69.55 19.96 1.411 1.413 0.002
14 1048  59.6 2992 1.378 1.374 0.004
15 10.48 49.64 39.88 1.342 1.342 0
16 51.32 3891 9.77 1.168 1.17 0.002
17 61.26 29.03 9.71 1.06 1.073 0.013
18 71.09 19.25  9.66 0.916 0.878 0.038
19 80.82  9.57 9.61 0.7 0.6 0.1
20 71.06  9.62 19.32 0.803 0.759 0.044
21 61.21 9.67  29.12 0.887 0.825 0.062
22 5126 9.72  39.02 0.957 0.947 0.01
23 71.08 1443 14.49 0.863 0.798 0.065
24 61.24 1934 19.42 0.982 0.984 0.002
25 51.3 243 24.4 1.075 1.077 0.002
26 4125 2932 2943 1.152 1.159 0.007
27 31.1 3438  34.52 1.217 1.207 0.01
28 20.84 395  39.66 1.273 1.277 0.004
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29 41.27 39.1 19.63 1.206 1.204 0.002

30 36.19 3429 29.52 1.199 1.202 0.003
31 31.1 29.46  39.44 1.191 1.181 0.01
32 2597 24.61 4942 1.184 1.173 0.011
33 20.82  19.73  59.45 1.176 1.174 0.002
34 15.65 14.83  69.52 1.168 1.152 0.016
35 4123 1954 39.23 1.09 1.113 0.023
36 36.18  29.39  34.43 1.172 1.172 0
37 31.1 39.3 29.6 1.241 1.242 0.001
38 2599 49.27 2474 1.301 1.301 0
39 2086  59.29  19.85 1.353 1.355 0.002
40 15.69 6938 1493 1.4 1.397 0.003
Mean Absolute Error (MAE) 0.013

The ETR model was able to predict the log;0Cost of 39 compositions within £10% deviation

range compared to experimental values.

Table S12. Prediction, absolute error, and MAE of M; by NNR 4layers Wen model for 40

experimental compositions

Experimental Predicted Absolute
S.No. Fe(at.%) Co (at.%) Ni (at.%)

M (T) M (T) error
1 10.47 39.7 49.83 1.37 1.276 0.094
2 10.47 29.76 59.77 1.18 1.168 0.012
3 10.47 19.83 69.7 1.08 1.054 0.026
4 10.46 9.91 79.63 0.95 0.923 0.027
5 20.82 9.86 69.32 1.31 1.148 0.162
6 31.07 9.81 59.12 1.29 1.415 0.125
7 41.22 9.76 49.02 1.41 1.65 0.24
8 34.49 32.69 32.82 1.6 1.801 0.201
9 41.28 48.9 9.82 1.97 2.142 0.172
10 31.13 59 9.87 1.91 2.101 0.191
11 20.87 69.2 9.93 1.88 2.012 0.132
12 10.49 79.53 9.98 1.87 1.885 0.015
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13 10.49 69.55 19.96 1.69 1.703 0.013

14 10.48 59.6 29.92 1.6 1.528 0.072
15 10.48 49.64 39.88 1.5 1.39 0.11
16 51.32 38.91 9.77 2.12 2.219 0.099
17 61.26 29.03 9.71 2.09 2.228 0.138
18 71.09 19.25 9.66 2.03 2.229 0.199
19 80.82 9.57 9.61 1.92 2.278 0.358
20 71.06 9.62 19.32 1.69 2.225 0.535
21 61.21 9.67 29.12 1.43 2.102 0.672
22 51.26 9.72 39.02 1.47 1.892 0.422
23 71.08 14.43 14.49 2 2.228 0.228
24 61.24 19.34 19.42 1.94 2.177 0.237
25 51.3 243 24.4 1.83 2.101 0.271
26 41.25 29.32 29.43 1.77 1.942 0.172
27 31.1 34.38 34.52 1.65 1.731 0.081
28 20.84 39.5 39.66 1.51 1.474 0.036
29 41.27 39.1 19.63 1.8 2.007 0.207
30 36.19 34.29 29.52 1.75 1.864 0.114
31 31.1 29.46 39.44 1.58 1.663 0.083
32 25.97 24.61 49.42 1.44 1.457 0.017
33 20.82 19.73 59.45 1.35 1.238 0.112
34 15.65 14.83 69.52 1.17 1.081 0.089
35 41.23 19.54 39.23 1.64 1.791 0.151
36 36.18 29.39 34.43 1.71 1.8 0.09
37 31.1 39.3 29.6 1.71 1.782 0.072
38 25.99 49.27 24.74 1.73 1.748 0.018
39 20.86 59.29 19.85 1.73 1.793 0.063
40 15.69 69.38 14.93 1.76 1.85 0.09
Mean Absolute Error (MAE) 0.154

The NNR 4layers Wen model was able to predict the M of 29 compositions within +10%

deviation range compared to experimental values.
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Table S13. Prediction, absolute error, and MAE of log;pH. by NNR 4layers Wen model for 40

experimental compositions

S. No. Fe Co Ni Experimental Predicted logioH. Absolute

(at.%) (at.%) (at.%) logiH. (logio(A/m)) (logi0(A/m)) error
1 1047  39.7  49.83 3.144 2.656 0.488
2 1047 29.76  59.77 2.98 2.426 0.554
3 10.47  19.83 69.7 2.961 2.17 0.791
4 1046 991 79.63 2.874 1.826 1.048
5 20.82  9.86 69.32 2.591 1.74 0.851
6 31.07  9.81 59.12 2.679 1.466 1.213
7 4122 976  49.02 2.223 1.459 0.764
8 3449  32.69 32.82 2.793 2.521 0.272
9 41.28 489 9.82 3.062 3.285 0.223
10 31.13 59 9.87 2.758 3.237 0.479
11 20.87  69.2 9.93 2.7 3.125 0.425
12 10.49  79.53 9.98 2.835 2.962 0.127
13 1049  69.55 19.96 3.001 2.959 0.042
14 10.48 59.6  29.92 2.845 2.927 0.082
15 10.48 49.64  39.88 2.85 2.88 0.03
16 51.32 38091 9.77 3.053 3.189 0.136
17 61.26  29.03 9.71 3.053 3.029 0.024
18 71.09  19.25 9.66 2.973 2919 0.054
19 80.82  9.57 9.61 3.091 2.829 0.262
20 71.06  9.62 19.32 3.166 2.597 0.569
21 61.21 9.67 29.12 3.062 2.084 0.978
22 5126  9.72 39.02 2.85 1.684 1.166
23 71.08 1443 1449 3.322 2.796 0.526
24 61.24 1934 1942 3.182 2.724 0.458
25 51.3 243 24.4 2.942 2.73 0.212
26 41.25 2932 2943 2.554 2.631 0.077
27 31.1 3438  34.52 2.457 2.487 0.03
28 20.84 395 39.66 2.564 2.64 0.076
29 41.27  39.1 19.63 2.922 3.243 0.321
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30 36.19 3429 2952 2.573 2.708 0.135

31 31.1 29.46  39.44 2.625 2.233 0.392
32 2597 2461 4942 2.608 2.014 0.594
33 20.82  19.73 5945 2.672 2 0.672
34 15.65 14.83  69.52 2.83 1.993 0.837
35 4123 19.54 39.23 2.686 1.963 0.723
36 36.18 2939 3443 2.625 2.382 0.243
37 31.1 39.3 29.6 2.686 2.739 0.053
38 2599 4927 2474 2.657 2.984 0.327
39 20.86  59.29  19.85 2.617 3.086 0.469
40 15.69 69.38  14.93 2.733 3.063 0.33

Mean Absolute Error (MAE) 0.426

The NNR 4layers Wen model was able to predict the log;oH. of 16 compositions within +10%

deviation range compared to experimental values.

Table S14. Prediction, absolute error, and MAE of log;yT. by NNR 4layers Wen model for 40

experimental compositions

S. No. Fe Co Ni Experimental logioT. Predicted log;oT. Absolute
(at.%) (at.%) (at.%) (log10(K)) (log10(K)) error
1 10.47 39.7 49.83 3.032 3.045 0.013
2 10.47  29.76  59.77 3.005 3.018 0.013
3 10.47  19.83 69.7 2.971 2.984 0.013
4 10.46 9.91 79.63 2.948 2.94 0.008
5 20.82 9.86 69.32 2.954 2.957 0.003
6 31.07 9.81 59.12 2.945 2.941 0.004
7 41.22 9.76 49.02 2.951 2.922 0.029
8 3449 32,69 3282 3.009 2.992 0.017
9 41.28 48.9 9.82 3.063 3.049 0.014
10 31.13 59 9.87 3.066 3.066 0
11 20.87 69.2 9.93 3.103 3.11 0.007
12 10.49  79.53 9.98 3.11 3.124 0.014
13 10.49  69.55 19.96 3.09 3.105 0.015
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14 10.48 59.6 29.92 3.077 3.087 0.01

15 10.48  49.64  39.88 3.06 3.069 0.009
16 51.32 3891 9.77 3.069 3.046 0.023
17 61.26  29.03 9.71 3.064 3.035 0.029
18 71.09  19.25 9.66 3.068 3.013 0.055
19 80.82 9.57 9.61 3.018 3.015 0.003
20 71.06 9.62 19.32 2.998 2.958 0.04
21 61.21 9.67 29.12 2.943 2.903 0.04
22 51.26 9.72 39.02 2.94 291 0.03
23 71.08 1443 1449 3.007 2.987 0.02
24 61.24 1934 1942 3 2.977 0.023
25 51.3 243 24.4 3.015 2.984 0.031
26 41.25 2932 2943 3.006 2.984 0.022
27 31.1 3438  34.52 3.037 2.998 0.039
28 20.84 39.5 39.66 3.037 3.026 0.011
29 41.27 39.1 19.63 3.024 3.011 0.013
30 36.19 3429  29.52 3.003 2.995 0.008
31 31.1 29.46  39.44 3.01 2.984 0.026
32 2597 2461 4942 3.001 2.974 0.027
33 20.82  19.73 5945 2.988 2.98 0.008
34 15.65 14.83  69.52 2.96 2.969 0.009
35 4123 19.54 39.23 2.975 2.946 0.029
36 36.18 2939 3443 3.024 2.982 0.042
37 31.1 39.3 29.6 3.028 3.006 0.022
38 2599 4927 2474 3.064 3.042 0.022
39 20.86  59.29  19.85 3.064 3.085 0.021
40 15.69 69.38  14.93 3.088 3.107 0.019

Mean Absolute Error (MAE) 0.02

The NNR 4layers Wen model was able to predict the log;oT. of all 40 compositions within

+10% deviation range compared to experimental values.
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Table S15. Prediction, absolute error, and MAE of log;y p by NNR 4layers Wen model for 40

experimental compositions

S. No. Fe Co Ni Experimental logiop  Predicted logigpp Absolute

(at.%) (at.%) (at.%) (log10(n2-cm)) (log10(n2-cm)) error
1 10.47 39.7 49.83 1.422 1.256 0.166
2 10.47  29.76  59.77 1.31 1.213 0.097
3 10.47  19.83 69.7 1.292 1.188 0.104
4 10.46 9.91 79.63 1.281 1.174 0.107
5 20.82 9.86 69.32 1.352 1.186 0.166
6 31.07 9.81 59.12 1.423 1.248 0.175
7 41.22 9.76 49.02 1.589 1.346 0.243
8 3449 3269 3282 1.423 1.226 0.197
9 41.28 48.9 9.82 1.246 1.035 0.211
10 31.13 59 9.87 1.193 1.077 0.116
11 20.87 69.2 9.93 1.188 1.176 0.012
12 10.49  79.53 9.98 1.196 1.215 0.019
13 10.49  69.55 19.96 1.228 1.291 0.063
14 10.48 59.6 29.92 1.369 1.319 0.05
15 10.48  49.64  39.88 1.34 1.306 0.034
16 51.32 3891 9.77 1.217 1.049 0.168
17 61.26  29.03 9.71 1.21 1.151 0.059
18 71.09  19.25 9.66 1.279 1.29 0.011
19 80.82 9.57 9.61 1.369 1.427 0.058
20 71.06 9.62 19.32 1.479 1.412 0.067
21 61.21 9.67 29.12 1.663 1.402 0.261
22 51.26 9.72 39.02 1.667 1.386 0.281
23 71.08 1443 1449 1.501 1.362 0.139
24 61.24 1934 1942 1.435 1.269 0.166
25 51.3 243 24.4 1.415 1.244 0.171
26 41.25 2932 2943 1.412 1.246 0.166
27 31.1 3438  34.52 1.425 1.229 0.196
28 20.84 39.5 39.66 1.528 1.26 0.268
29 41.27 39.1 19.63 1.516 1.165 0.351
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30 36.19 3429 2952 1.41 1.222 0.188

31 31.1 29.46  39.44 1.367 1.235 0.132
32 2597 2461 4942 1.346 1.231 0.115
33 20.82  19.73 5945 1.336 1.194 0.142
34 15.65 14.83  69.52 1.375 1.192 0.183
35 4123 19.54 39.23 1.54 1.312 0.228
36 36.18 2939 3443 1.391 1.241 0.15
37 31.1 39.3 29.6 1.344 1.225 0.119
38 2599 4927 2474 1.358 1.223 0.135
39 20.86  59.29  19.85 1.265 1.242 0.023
40 15.69 69.38  14.93 1.258 1.251 0.007

Mean Absolute Error (MAE) 0.139

The NNR 4layers Wen model was able to predict the logiop of 16 compositions within +10%

deviation range compared to experimental values.

Table S16. Prediction, absolute error, and MAE of log;oHy by NNR 4layers Wen model for 40

experimental compositions

S. No. Fe Co Ni Experimental Predicted logioHy  Absolute

(at.%) (at.%) (at.%) logiwHy (logio(HV)) (log10(HV)) error
1 1047  39.7  49.83 2.134 2.377 0.243
2 1047 29.76  59.77 2.187 2.359 0.172
3 10.47  19.83 69.7 2.193 2.337 0.144
4 1046 991 79.63 2.198 2318 0.12
5 20.82  9.86 69.32 2.25 2311 0.061
6 31.07  9.81 59.12 2.27 2.315 0.045
7 4122 976  49.02 2318 2.363 0.045
8 3449  32.69 32.82 2.345 2.503 0.158
9 41.28 489 9.82 2.432 2.58 0.148
10 31.13 59 9.87 2.424 2.477 0.053
11 20.87  69.2 9.93 2.239 2.395 0.156
12 10.49  79.53 9.98 2.202 2.369 0.167
13 1049  69.55 19.96 2.189 2.381 0.192
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14 10.48 59.6 29.92 2.192 2.372 0.18

15 10.48  49.64  39.88 2.238 2.386 0.148
16 51.32 3891 9.77 2.496 2.632 0.136
17 61.26  29.03 9.71 2.444 2.64 0.196
18 71.09  19.25 9.66 2.373 2.61 0.237
19 80.82 9.57 9.61 2.335 2.505 0.17
20 71.06 9.62 19.32 2.381 2.558 0.177
21 61.21 9.67 29.12 2.439 2.544 0.105
22 51.26 9.72 39.02 2.293 2.447 0.154
23 71.08 1443 1449 2.548 2.59 0.042
24 61.24 1934 1942 2.609 2.622 0.013
25 51.3 24.3 24.4 2.417 2.594 0.177
26 41.25 2932 2943 2.328 2.543 0.215
27 31.1 3438  34.52 2.344 2.479 0.135
28 20.84 39.5 39.66 2.263 2413 0.15
29 41.27 39.1 19.63 2.364 2.614 0.25
30 36.19 3429  29.52 2.327 2.534 0.207
31 31.1 29.46  39.44 2.358 2.44 0.082
32 2597 2461 4942 2.286 2.375 0.089
33 20.82  19.73 5945 2.321 2.339 0.018
34 15.65 14.83  69.52 2.204 2.325 0.121
35 4123 19.54 39.23 2316 2.447 0.131
36 36.18 2939 3443 2312 2491 0.179
37 31.1 39.3 29.6 2.303 2.514 0.211
38 2599 4927 2474 2.302 2.476 0.174
39 20.86  59.29  19.85 2.242 2.409 0.167
40 15.69 69.38  14.93 2.252 2.382 0.13

Mean Absolute Error (MAE) 0.142

The NNR 4layers Wen model was able to predict the log;oHy of 39 compositions within +10%

deviation range compared to experimental values.
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Table S17. Prediction, absolute error, and MAE of log;oCost by NNR 4layers Wen model for 40

experimental compositions

Fe Co Ni Experimental Predicted Absolute
S. No. logioCost
(at.%) (at.%) (at.%) logioCost (logio($/kg)) error
(log10($/kg))
1 10.47 39.7 49.83 1.303 1.286 0.017
2 10.47  29.76  59.77 1.261 1.24 0.021
3 10.47  19.83 69.7 1.213 1.195 0.018
4 10.46 9.91 79.63 1.16 1.159 0.001
5 20.82 9.86 69.32 1.117 1.125 0.008
6 31.07 9.81 59.12 1.07 1.06 0.01
7 41.22 9.76 49.02 1.017 1.017 0

8 3449 32,69 32.82 1.196 1.186 0.01
9 41.28 48.9 9.82 1.254 1.242 0.012
10 31.13 59 9.87 1.326 1.337 0.011
11 20.87 69.2 9.93 1.388 1.386 0.002
12 10.49  79.53 9.98 1.442 1.432 0.01
13 10.49  69.55 19.96 1.411 1.417 0.006
14 10.48 59.6 29.92 1.378 1.386 0.008
15 10.48  49.64  39.88 1.342 1.347 0.005
16 5132 38091 9.77 1.168 1.161 0.007
17 61.26  29.03 9.71 1.06 1.053 0.007
18 71.09  19.25 9.66 0.916 0.909 0.007
19 80.82 9.57 9.61 0.7 0.793 0.093
20 71.06 9.62 19.32 0.803 0.834 0.031
21 61.21 9.67 29.12 0.887 0.896 0.009
22 51.26 9.72 39.02 0.957 0.966 0.009
23 71.08 1443 1449 0.863 0.883 0.02
24 61.24 1934 1942 0.982 0.996 0.014
25 51.3 243 24.4 1.075 1.066 0.009
26 4125 2932 2943 1.152 1.144 0.008
27 31.1 3438  34.52 1.217 1.206 0.011
28 20.84 39.5 39.66 1.273 1.29 0.017
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29 41.27 39.1 19.63 1.206 1.208 0.002

30 36.19 3429  29.52 1.199 1.194 0.005
31 31.1 29.46  39.44 1.191 1.178 0.013
32 2597 2461 4942 1.184 1.176 0.008
33 20.82  19.73 5945 1.176 1.178 0.002
34 15.65 14.83  69.52 1.168 1.177 0.009
35 4123 19.54 39.23 1.09 1.093 0.003
36 36.18 2939 3443 1.172 1.167 0.005
37 31.1 39.3 29.6 1.241 1.241 0
38 2599 4927 2474 1.301 1.308 0.007
39 20.86  59.29  19.85 1.353 1.352 0.001
40 15.69 69.38  14.93 1.4 1.407 0.007
Mean Absolute Error (MAE) 0.011

The NNR 4layers Wen model was able to predict the log;oCost of 39 compositions within

+10% deviation range compared to experimental values.

SS. Inverse Design Strategy

S5.1. Acquisition Function
As mentioned in Section 2.4, negative expected improvement was used as acquisition function

in gp_minimize. Expected Improvement (EI) is defined as *°

ElI(x) = Emax (f(x) — f(x*),0) (1)
where f(x%) is the best function value till that point and x* is the location of that function

value which is described as:

xt = argmaxf(xi) (2)

Xi€ X1:n

The EI can be evaluated analytically by using a GP model through the following equation &’

El(x) = {(u(x) f(x+))CD(Z) + c(x)p(Z2) ifo(x)>0 .
ifo(x)=0
_ ulx) — f(x™)
Z = T
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where p(x) and o(x) are the mean and standard deviation of GP posterior distribution at
x, respectively; @ and ¢ denote the cumulative density function and probability density
function, respectively. EI finds the global maximum of the objective function; thus, the

negative expected improvement finds the global minimum.

S5.2. Evolution of Acquisition function value for ETR model

The evolution of acquisition function value for the ETR model for each target sets of BO is

shown in the figure below.
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Figure S6. Evolution of acquisition function value of BO using the ETR model in the objective function for (a)

target set 1, (b) target set 2, (c) target set 3, (d) target set 4, (e) target set 5, and (f) target set 6 of properties value.
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S5.3. Predictions and Experimental Validation

The set target values for BO and the respective predicted composition with lowest objective

value of BO by using ETR and NNR 4layers Wen models are tabulated in Table S18 below.

Table S18. Set targets for BO and the respective predicted composition for the MPR model

BO
Target Target Target Predicted Alloy
;‘:}t M,(T) T.(K) Cost(Skg  VPRModel Composition
ETR Fe273C025Ni47.7
1 1.5 970 15
NNR 4layers Wen Fe26.9C026.3N146.8
ETR Fe44.7C015.4Ni39.9
2 1.75 1000 11.5
NNR_4layers Wen Fes1.7C0159Nia2.4
19 ETR Fe23.5C040.8Ni35.7
3 1.75 1143
NNR 4layers Wen Fe26.9C047.8Ni25 3
ETR Fes0Co20.8N129.2
4 2 1070 10.5
NNR 4layers Wen Fes64Co0252Ni28 4
ETR Fes1.9C022.8Ni153
5 2.2 1173 10
NNR 4layers Wen Fes1.5C018.9Ni19.6
ETR Fes6.8C028Nis 2
6 2.4 1173 10

NNR 4layers Wen Fess.1C032.4Ni2.5

These compositions were used in their respective models to predict the properties and then
compared with the approximate experimental values determined from the interactive contour
plots. Using the predicted and experimental values, deviation percentage was calculated as per
the following formula:

o Predicted — Actual
Deviation % = - X 100
Predicted

The predicted values, approximate experimental values, and deviation percentages for M;, T,

Cost, H., p, and Hy for BO sets 1 — 5 using ETR model are tabulated in Table S25, Table
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S26,Table S27, Table S28, Table S29, and Table S30, respectively. Similarly, the predicted

values, approximate experimental values, and deviation percentages for M;, T., Cost, H, p, and
Hy for BO sets 1 — 5 using NNR_4layers Wen model are tabulated in Table S25, Table S26,
Table S27, Table S28, Table S29, and Table S30, respectively.

Table S19. Deviation of M, for the predicted composition for the first 5 BO sets using ETR model

BO Set Composition Predicted Approx. Deviation (%)
M; (T) experimental M (T)

1 Fe273C025Nisa7.7 1.5 1.47 2

2 Fe44.7Co015.4Ni39.9 1.74 1.58 9.2

3 Fe23.5C040.8Ni3s.7 1.75 1.6 8.6

4 Fes0C020.8N129.2 2 1.77 11.5

5 Fe61.9C022.8Ni15.3 222 2.01 9.5
Average Deviation (%) 8.16

Table S20. Deviation of 7 for the predicted composition for the first 5 BO sets using ETR model

BO Set Composition Predicted Approx. Deviation (%)
T. (K) experimental 7. (K)

1 Fez73Co25Ni47.7 935.8 1002 -7.1

2 Fes4.7Co15.4Ni39.9 846.3 890 -5.2

3 Fe23.5C040.8Niss.7 1063.8 1103.7 -3.8

4 Fes0Co020.8Ni29.2 872.5 1002 -14.8

5 Fes1.9C022.8N1153 1047.5 1056.8 -0.9
Average Deviation (%) -6.36

Table S21. Deviation of Cost for the predicted composition for the first 5 BO sets using ETR model

Predicted Approx. calculated Deviation
BO Set Composition
Cost ($/kg) Cost ($/kg) (%)
1 Fe»73C025Ni477 15 15.28 -1.9
2 Fe44.7Co15.4Ni39.9 11.6 11.1 43
3 Fe23.5C040.8Ni35.7 19 18.75 1.3
4 Fes0Co020.8Ni29.2 10.7 11.48 -7.3
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5 Fes1.9C022.8N115.3 10 10.2 -2

Average Deviation (%) -1.12

Table S22. Deviation of H. for the predicted composition for the first 5 BO sets using ETR model

BO Set Composition Predicted H. Approx. experimental Deviation
(A/m) H. (A/m) (%)
1 Fe273C025Nis7.7 3.2 385 -11931.3
2 Fe44.7C015.4Ni39.9 44.4 570 -1183.8
3 Fe23.5C040.8Ni135.7 362.1 290 19.9
4 Fes0C020.8N129.2 352.2 770 -118.6
5 Fee1.9C022.8Ni153 549.5 1350 -145.7
Average Deviation (%) -2671.9

Table S23. Deviation of p for the predicted composition for the first 5 BO sets using ETR model

Predicted p Approx. experimental Deviation
BO Set Composition

(n€2-cm) p (n€2-cm) (%)
1 Fez73C025Ni47.7 20.7 22.8 -10.1

2 Fe447Co15.4Ni39.9 233 40.3 -73
3 Fe23.5C040.8N135.7 18.7 31.5 -68.4
4 Fes0C020.8Ni29.2 20.9 30 -43.5

5 Fes1.9C022.8N1153 18.7 24.5 -31
Average Deviation (%) -45.2

Table S24. Deviation of Hy for the predicted composition for the first 5 BO sets using ETR model

Predicted Hy Approx. experimental  Deviation
BO Set Composition

(HV) Hy (HV) (%)
1 Fe273C025Nia7.7 194.5 198 -1.8
2 Fe44.7C015.4Ni39.9 294.4 210 28.7
3 Fe3.5C040.8Ni35.7 236.7 188 20.6
4 Fes0C020.8Ni29.2 349 248 28.9
5 Fee1.9C022.8Ni153 347.1 365 -5.2
Average Deviation (%) 14.24
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Table S25. Deviation of M, for the predicted composition for the first 5 BO sets using
NNR_4layers Wen model

BO Set Composition Predicted Approx. Deviation (%)
M (T) experimental M; (T)

1 Fe26.9C026.3Ni46.8 1.5 1.47 2

2 Fe41.7Co159Ni42.4 1.75 1.56 10.9

3 Fe26.9C047.8Ni125 3 1.75 1.73 1.1

4 Fe46.4C0252Ni2g.4 2.01 1.79 10.9

5 Fes1.5Co189N119.6 2.18 1.94 11
Average Deviation (%) 7.18

Table S26. Deviation of 7. for the predicted composition for the first 5 BO sets using
NNR 4layers Wen model

BO Set Composition Predicted Approx. Deviation (%)
T. (K) experimental 7. (K)

1 Fe26.9C026.3Ni46.8 943.4 1005 -6.5

2 Fe41.7Co15.9Ni42.4 857 900 -5

3 Fe26.9C047.8Ni253 1082.4 1155 -6.7

4 Fes6.4C0252Nizg 4 9453 1029 -8.9

5 Fes1.5Co18.9Ni19.6 942.4 1000 -6.1
Average Deviation (%) -6.64

Table S27. Deviation of Cost for the predicted composition for the first 5 BO sets using
NNR 4layers Wen model

BO Set Composition Predicted Approx. calculated Deviation
Cost ($/kg) Cost ($/kg) (%)
1 Fe26.9C026.3Nl46. 15.2 15.5 -2
2 Fe41.7Co159Nig2.4 11.5 11.6 -0.9
3 Fe26.9C047.8Ni1253 20 19.9 0.5
4 Fe46.4C0252Ni2g.4 12.5 12.7 -1.6
5 Fee1.5C018.9Ni19.6 9.8 9.59 2.1
Average Deviation (%) -0.38
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Table S28. Deviation of H. for the predicted composition for the first 5 BO sets using
NNR 4layers Wen model

BO Set Composition Predicted H. Approx. experimental Deviation

(A/m) H. (A/m) (%)

1 Fe26.9C026.3Nis6.8 117.9 385 -226.5

2 Fes1.7Co15.9Ni42.4 58.2 485.29 -733.8
3 Fe6.9C047.8N125 3 903.3 454 49.7
4 Fe46.4C0252Ni2g.4 378.3 529 -39.8

5 Fe61.5C018.9Ni19.6 506.1 1520.6 -200.5

Average Deviation (%) -230.18

Table S29. Deviation of p for the predicted composition for the first 5 BO sets using NNR_4layers Wen

model
BO Set Composition Predicted p Approx. experimental Deviation
(n€2-cm) p (n€2-cm) (%)

1 Fe26.9C026.3Ni46.8 17.3 22.8 -31.8
2 Fe41.7Co15.9N142.4 21.5 37.8 -75.8
3 Fe26.9C047.8N125 3 16.8 23 -36.9
4 Fe46.4C0252Ni2g.4 18.5 26.5 -43.2
5 Fes1.5Co189N119.6 18.9 27.2 -43.9

Average Deviation (%) -46.32

Table S30. Deviation of Hy for the predicted composition for the first 5 BO sets using
NNR_4layers Wen model

BO Set Composition Predicted Hy Approx. experimental  Deviation
(HV) Hy (HV) (%)

1 Fe26.9C026.3Ni46.8 244.1 200.9 17.7

2 Fe41.7Co159Nig2.4 260.4 207 20.5

3 Fe26.9C047.8N125 3 305.9 200 34.6

4 Fea6.4C0252Ni2s.4 360.4 220 39

5 Fee1.5C018.9Ni19.6 416.8 406.4 2.5
Average Deviation (%) 22.86
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