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Abstract ; Perovskite materials have become one of the hotspots in modern materials science research due to their complex
chemical compositions, diverse crystal structures and rich physical properties. In this paper, by combining the model-driven
approach and the data-driven approach, a materials intelligent computing framework integrating feature engineering and ac-
tive learning is constructed to improve the model accuracy and system performance. Through the collaborative optimization of
data layout and dynamic scheduling, a sure independence screening and sparsifying operator (SISSO) parallel computing meth-
od for material features is proposed to alleviate the problems of low accuracy and high computational cost faced by the SISSO al-
gorithm when establishing the feature engineering model and reduce the impact of data quality on the model. An active learning
method oriented to material data is constructed to deal with the complexity of material data labeling and eliminate noisy data.
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Fig. 1 Data and model driven material application process
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Fig. 2 Establishment strategy of SISSO feature engineering model adapted to the characteristics of different system data
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Fig. 3 Perovskite material separation SISSO algorithm frame diagram
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Fig. 4 Data flow diagram of fusion framework of active learning and feature engineering of perovskite materials
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Table 1 Feature descriptor and its physical meaning
Descriptor Name Physical meaning
n Reduced mass Reduced mass of atoms
A/B Ionic radius Shannon ion radius
VBNU Nl by el
Ba, Pb, Bi Element content  Element content ratio of metal ions
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Table 2 Test data set details

Sample Te(y) w(xy) A/B(%,) A/B_NU(x3) Ba(x,) Ph(xs) Bi(xg)
1 547 0.2821 0. 3882 0. 5036 0. 0750 0.1150 0. 1300
2 540 0. 2690 0. 4606 0. 5000 0. 0750 0. 1250 0. 3000
3 502 0.2295 0. 6789 0. 4879 0. 0750 0. 1550 0. 2700
4 600 0. 3404 0.0778 0. 5330 0. 0500 0. 1100 0. 3400
5 600 0.3658 -0. 0651 0. 5625 0. 0500 0. 0900 0. 3600

Notes:1: 0. 62BF-0. 23PT-0. 15BT, 2. 0. 60BF-0. 25PT-0. 15BT, 3. 0. 54BF-0. 31PT-0. 15BT, 4. 0. 68BF-0. 22PT-0. 10BT, 5: 0. 72BF-

0. 18PT-0. 10BT
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3 DB-SISSO EARRREEE THEMBE R T REXRY
Table 3 The basic descriptors and correlation coefficients of DB-SISSO under different model dimensions

Model dimension Basic descriptor

Correlation

a;: 534.933 623 3

1D ¢ [ (exp((A/B)/(A/B_NU)) * ((Ba-u) * (Ba/u))) ] .+ 608,856 363
s [(((Ba—p) * (Ba/(A/B_NU)))/(()*/In(p))) ] ay: =37.375 715 60

2D b,: 6. 105 165 938
%,: [ (abs(A/B_NU-abs(u—A/B))/abs( (A/B_NU-Ba) —abhs(Bi-A/B)) ) ] e,: 602.943 005 6

a2 [ Cexp(((A/B)/(A/B_NU))) * ((Ba—p) * (Ba/u))) ]

ay: 530. 193 351 2
by: 7.097 671 652

3D xy: [ (abs( (A/B=Ba)—(Ph+A/B_NU) ) /abs( (A/B-Bi)~( A/B_NU-Ba))) ]

xy: [abs(((Ba/w) * (A/B_NU—p) ) —abs((Pb—u)-(u-A/B_NU))) ]

cy: —116.822 686 6
e;: 604.462 924 9

x,: [ (exp((A/B)/(A/B_NU)) * (Ba-u) * (Ba/u)) ] a,: 527.193 668 8

%,: [ (abs( (A/B-Ba)—(Pb+A/B_NU) )/abs( (A/B-Bi)-(A/B_NU-Ba))) ]

4D

x3: [abs(((Ba/n) * (A/B_NU=p) ) abs( (Pb—) ~(u~A/B_NU))) ]

x4: [((A/BLNU-A/B)/(Ba)®)/(((A/B)/m))=(u/Ph)) ]

b,: 7.128 221 428
cy: —102.349 294 7
d,: —0.024 941 821
e,: 602.972 244 2

R4 DB-SISSO EREERLEE THIIGIRE
Table 4 The fitting error of DB-SISSO under different model di-

mensions
dirz::i]on RMSE MaxAE R
1D 2.952 757 9.238 664 0.995 932
2D 1.592 191 4.171 645 0.998 817
3D 0. 904 270 2.011 015 0.999 618
4D 0. 620 823 1.318 696 0.999 820
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Fig. 5 Verification results of the training set and testing set under the DB-SISO different dimension models
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Fig. 6 The performance of three active learning (a) and three active learning algorithms combined with SISSO feature engineering

(b) methods on perovskite material data sets and training sets
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Fig. 7 The performance of three active learning (a) and three active learning algorithms combined with SISSO feature engi-

neering (b) methods on concrete material data sets and training sets
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