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1. Hyperparameters for SVR, RF and GPR models.

Figure S1 exhibits the accuracy changes of random forest (RF), support vector

regression (SVR) and GPR models with different combination conditions of

hyperparameters. From Supplemenrary Figure 1(a), it can be observed that the highest

prediction accuracy was obtained when the RBF kernel's length related coefficient �

is 1.45 and the regularization coefficient � is 45, as shown by the yellow dot in the

figure. From Supplemenrary Figure 1(b), it can observed that the highest prediction

accuracy of the RF was achieved with the number of trees � of 95 and the maximum

tree depth � of 7, as shown by the yellow dot in the figure. From Supplemenrary

Figure 1(c), when the scale parameter �����ℎ_����� is 1.85, the prediction accuracy

of the GPR model is highest.

Supplementary Figure 1. RMSE changes of the three models with different

combinations of hyperparameters. (a) SVR. (b) RF. (c) GPR. Here, both SVR and

GPR employ a Gaussian kernel (or named Radial Basis Function kernel).



2. An initial training set

The initial 26 groups of crystal plasticity parameter combinations by selected

randomly for Al-Cu eutectic materials were displayed in Supplemenrary Table 1.

Supplementary Table 1 Presetting 26 groups of �� 0_Al, �� 0_Al2Cu and �Al

parameter combination of �� 0_Al, �� 0_Al2Cu and �Al

Numbers
Parameters

�� 0_Al �� 0_Al2Cu �Al (MPa) �Al2Cu (MPa)

○1 1.0 × 10−2 1.0 × 10−3 10 100

○2 1.0 × 10−2 2.0 × 10−2 10 20

○3 1.0 × 10−2 1.0 × 10−5 10 100

○4 1.0 × 10−2 1.0 × 10−5 10 1000

○5 5.0 × 10−4 1.0 × 10−5 900 1000

○6 5.0 × 10−4 1.0 × 10−5 500 600

○7 1.0 × 10−2 1.0 × 10−3 500 600

○8 3.0 × 10−3 5.0 × 10−4 10 100

○9 3.0 × 10−3 5.0 × 10−4 100 150

○10 5.0 × 10−3 1.0 × 10−4 500 600

○11 5.0 × 10−3 1.0 × 10−4 500 600

○12 5.0 × 10−3 1.0 × 10−5 500 600

○13 5.0 × 10−3 5.0 × 10−5 500 600

○14 1.0 × 10−4 1.0 × 10−5 500 600

○15 5.0 × 10−4 1.0 × 10−5 500 600

○16 5.0 × 10−3 5.0 × 10−4 600 800

○17 5.0 × 10−2 5.0 × 10−3 700 800

○18 5.0 × 10−5 1.0 × 10−5 300 400

○19 2.0 × 10−4 5.0 × 10−4 600 700

○20 5.0 × 10−3 5.0 × 10−4 300 400

○21 6.0 × 10−3 3.0 × 10−3 800 300

○22 8.0 × 10−3 4.0 × 10−3 10 600

○23 8.0 × 10−3 3.0 × 10−4 300 100

○24 7.0 × 10−3 3.0 × 10−4 700 600

○25 7.0 × 10−3 3.5 × 10−4 400 900

○26 6.5 × 10−4 3.5 × 10−4 650 750



3. The CP simulated results of the xy shear deformation

Supplemenrary Figure 2 illustrates the engineering stress-strain curve for the
Al-Cu eutectic material under xy shear deformation by the CP modeling, along with
the motion of all potential slip systems within the aluminum phase. It can be observed
that from Supplemenrary Figure 2(a), the stress in the α-Al phase is smaller than that
in the θ-Al2Cu phase, and the θ-Al2Cu phase obviously does not experience plastic
deformation. From Supplemenrary Figure 2(b), it can be found that the slip systems of
(1�11)[011], (1�11)[101] and (111)[01�1] are activated, indicating that the deformation
behavior in the α-Al phase mainly controlled by these active slip systems. Our
conclusion is in good agreement with the experiment1–3, demonstrating the reliability
of the CP modeling.

Supplementary Figure 2. Deformation behaviors at room temperature when the

specimen of the Al-Cu eutectic alloy was sheared along the xy direction based on the

CP simulation. (a) The engineering stress-strain curve. (b) Accumulated shear rate of

all possible slip systems in α-Al phase for the Al-Cu eutectic alloy.



4. Mechanical response of Al-Cu eutectic alloy at 450℃

Supplemenrary Figure 3(a) depicts the engineering stress-strain curve for the
Al-Cu eutectic alloy at 450 ℃. From the figure, it can be observed that the θ-Al2Cu
phase maintains a stress-strain curve that is perpetually above the Al-Cu eutectic, and
the eutectic material's curve consistently surpasses that of the α-Al phase. This
observation suggests that the stress-strain behavior of the Al-Cu eutectic material is a
result of the combined effects of the α-Al and θ-Al2Cu phases. Supplemenrary Figure
3(a) depicts the evolution of plastic strain with the increase of the total strain for the
Al-Cu eutectic alloy at 450 ℃. It is evident that the α-Al phase exhibits a non-zero
plastic strain εp at a total strain εt (εt>~0.0002) that is considerably lower than the
threshold for the θ-Al2Cu phase (εt>~0.01). This observation indicates that the α-Al
phase initiates plastic deformation at an earlier stage compared to the θ-Al2Cu phase.
Nonetheless, after the onset of plastic deformation in the θ-Al2Cu phase (when εp
becomes non-zero), the difference in plastic strain between the θ-Al2Cu and α-Al
phases narrows with the increasing total strain εt. This implies that while the θ-Al2Cu
phase is less prone to plastic deformation, it experiences a swift and significant rise in
plastic strain εp once deformation is initiated.

Supplementary Figure 3.Mechanical response of Al-Cu eutectic alloy at 450 ℃
based on the crystal plasticity simulation. (a) Engineering stress-strain curves for
Al-Cu eutectic alloy, α-Al and θ-Al2Cu. (b) Plastic strain variations with the total

strain for Al-Cu eutectic alloy, α-Al and θ-Al2Cu.



5. Engineering stress-strain for Al-Cu eutectic alloy at different temperatures

Supplemenrary Figure 4 displays a comparison of experimental and simulated
stress-strain curves for the Al-Cu eutectic alloy at different temperatures. The
simulated stress-strain curves are derived from the optimal CP parameters identified
through the AL parameter selection strategy proposed in this study, as shown in
Supplemenrary Table 2. The details of the CP model present the literature4–6. From
Supplemenrary Figure 4, it can be observed that the CP stress-strain curve (black
curve) is in good agreement with the experiment (red curve), demonstrating the
reliability of the optimal CP parameters. This also illustrated the effectiveness of the
parameter search strategy proposed in this study for CP parameter optimization.

Supplementary Figure 4. Comparison of the engineering stress-strain curve between
the CP simulation and the experiment7 for the Al-Cu eutectic alloy at different

temperatures. (a) 325 ℃. (b) 450 ℃.

Supplementary Table 2. The optimal CP parameters for the Al-Cu eutectic alloy

at high temperatures based on the search strategy proposed in this study.
Parameter Value Parameter Value
�Sw=�Se 0.015 �Sw,0

θ =�Se,0
θ

(m-2)

1.0×1013

� 0.5 �Sw=�Se 0.5
�Sw=�Se
(nm)

5.0 ℎαθ 0.1
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