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Table 1.  Advantages and disadvantages of commonly used machine learning algorithms.
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Fig. 1. (a) Predicted scatter plots of different machine learning algorithms; (b) predicted maps of Hy; and (BH),,,, of Nd-Fe-B melt-

spun magnets, and their corresponding cost performances'?.
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Fig. 2. Heatmap of the Pearson correlation coefficients between atomic characteristics?.
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Fig. 3. Magnetic properties prediction and composition design of La-Co substitution Sr-hexaferrite based on high-through experi-

ments and machine learning!!”.
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Fig. 4. (a) DTG curves of the Sm-Cobased alloys prepared in experiments; (b) the T, values from experimental measurements and

from the model predictions!'?.
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Fig. 6. Prediction diagram of (a) M,, (b) H,, (c) K; and (d) H, of Ba;_La,Fe;, Mn O, ferrite by SVRP2.
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Fig. 9. Crystal structures of seven promising Fe-Co-B compounds for permanent magnet obtained from our ML-AGA-DFT predic-
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Fig. 12. Generalization capacity evaluation of developed SIL-based modelsP’: (a) Training samples coefficient of correlation;
(b) training samples mean absolute error; (c) training samples root mean square error; (d) testing samples coefficient of correlation;

(e) testing samples mean absolute error; (f) testing samples root mean square error.
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Fig. 13. Performance of the intelligent models and their comparison for testing ternary intermetallic magnetocaloric compounds®!:

(a) Root mean square error; (b) correlation coefficient; (c) mean absolute error.
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Fig. 14. ML modeling process and solving the optimal composition of corrosion inhibitor®?: (a) The pH model algorithm selection;

(b) J model algorithm selection; (c¢) measured-predicted pH value plot for LR algorithm; (d) measured-predicted J; value plot for

LR algorithm; (e) measured-predicted J, value plot for LR algorithm.
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Fig. 15. (a) Flowchart of three-step feature selection; (b) feature selection by random forest; (c) exhaustive screening*!.

(a) (b) () .
T Predicted Nesative Positi — Training loss
rue class egative Positive 0.9l — — Asymptotic line
class 9
g AUC = 0.97 @
1% L
Negative 0.94 0.06 g 06r »
g (0.01, 0.41) |
A ®
1:5) 0.31 —— ROC curve =
Positive 002 098 F | AT
0 o Current classifier
1 1 1 1 1 1 O 1 1 1 1 1 1
0 02 04 06 08 1.0 0 50 100 150 200 250
False positive rate Number of iterations
(d) —
Tr Predicted Negative Positive «© ® __ Jraining 19ss.
ue class g 0.9+ — — Asymptotic line
class 2 0.6
g AUC = 0.98 @
S 06 »
Negative 0.92 0.08 5 U r o0 L
z (0.01, 0.53) g 04
Q =]
Q -
- S
§ 0.3 —— ROC curve & ool
Positive 010 090 F CJavc
o e Current classifier
. . . . . . 0 . . . . .
0 02 04 06 08 1.0 0 40 80 120 160 200
False positive rate Number of iterations

B 16 P M4 LE TR EHR T BA (a)—(c) LR AH A (A)—(f) Lk B 7Lt iy R L

Fig. 16. Performance of Neural Networks in predicting whether a material has (a)—(c) nonlinear magnetic structure and (d)—(f) Sko-

ming substructurel®!,
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Abstract

Rare-earth elements possess unique atomic structures characterized by multiple unpaired 4f orbital
electrons in inner shells, high atomic magnetic moments, and strong spin-orbit coupling. These attributes endow
them with rich electronic energy levels, enabling them to form compounds with different valence states and
coordination environments. Consequently, rare-earth materials typically exhibit excellent magnetic properties
and complex magnetic domain structures, making them critical for the development of high-tech industries. The
intricate magnetic configurations, different types of magnetic coupling, and direct/indirect magnetic exchange
interactions in these materials not only facilitate the development of novel functional devices but also pose
significant challenges to fundamental research. With the rapid advancement of data mining techniques, the
emergence of big data and artificial intelligence provides researchers with a new method to efficiently analyze
vast experimental and computational datasets, thereby accelerating the exploration and development of rare-
earth magnetic materials. This work focuses on rare-earth permanent magnetic materials, rare-earth
magnetocaloric materials, and rare-earth magnetostrictive materials, detailing the application progress of data
mining techniques in property prediction, composition and process optimization, and microstructural analysis.
This work also delves into the current challenges and future trends, aiming to provide a theoretical foundation

for deepening the integration of data mining technologies with rare-earth magnetic material research.
Keywords: data mining, rare earth magnetic material, machine learning, performance prediction
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