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1. Feature construction and selection

Supplementary Table 1. Original features in the feature pool for A-site and B-site

elements.

Feature Description

ST Sintering temperature

MTA Melting point of A-site element[1]

MTB Melting point of B-site element

IRA(Å) Shannon's (1976) ionic radii of A-site (12-coordination) [2]

IRB(Å) Shannon's (1976) ionic radii of B-site (12-coordination)

ARA(pm) Atomic radius of A-site element [3]

ARB(pm) Atomic radius of B-site element

A-O(Å) ideal A–O bond distance [4]

B-O(Å) ideal B–O bond distance

VA Atomic volume of A-site element[1,5]

VB Atomic volume of B-site element

CVRA Crystallographic van der Waals radii of A-site element (S. S. Batsanov 2001) [6]

CVRB Crystallographic van der Waals radii of B-site element (S. S. Batsanov 2001)

EVRA Equilibrium van der Waals radii of A-site element (S. S. Batsanov 2001) [6]

EVRB Equilibrium van der Waals radii of B-site element

EPA Period of A-site element in element period table

EPB Period of B-site element in element period table

CovRA(Å) Covalent radii of A-site element [7]

CovRB(Å) Covalent radii of B-site element

DveA Valence electron distance (Schubert) of A-site element[1]

DveB Valence electron distance (Schubert) of B-site element

DceA Core electron distance (Schubert) of A-site element[1]

DceB Core electron distance (Schubert) of B-site element

MA Relative atomic mass of A-site element
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MB Relative atomic mass of B-site element

NECA-S Nuclear effective charge-Slater of A-site element[1]

NECB-S Nuclear effective charge-Slater of B-site element

NECA-C Nuclear effective charge-Clementi of A-site element[1]

NECB-C Nuclear effective charge-Clementi of B-site element

ANA Atomic number of A-site element in element period table

ANB Atomic number of B-site element in element period table

Ven/NC-A Ratio of valence electron number to nuclear charge of A-site element

Ven/NC-B Ratio of valence electron number to nuclear charge of B-site element

PA Polarizability of A-site element [8,9]

PB Polarizability of B-site element

EA-P A-site electronegativity-Pauling scale[1]

EB-P B-site electronegativity-Pauling scale

EA-MB A-site electronegativity-Matyonov-Batsanov[1]

EB-MB B-site electronegativity-Matyonov-Batsanov

EIA First energy ionization of A-site element[5]

EIB First energy ionization of B-site element

EAA Electron affinity of A-site element[5]

EAB Electron affinity of B-site element

PCRA pseudopotential core radii of A-site element[10]

PCRB pseudopotential core radii of B-site element

CA-a Cell parameters of A-site element in the a direction[5]

CB-a Cell parameters of B-site element in the a direction

CA-b Cell parameters of A-site element in the b direction

CB-b Cell parameters of B-site element in the b direction

CA-c Cell parameters of A-site element in the c direction

CB-c Cell parameters of B-site element in the c direction

t Tolerance factor calculated by Shannon's ionic radii

μ Octahedral factor calculated by Shannon's ionic radii
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Supplementary Table 1 shows the 27 initial features and 1 process parameter for

the properties of perovskite A-site and B-site elements (atoms or ions) extracted from

the literature and A. A. Baikov Institute of Metallurgy and Materials Science Database.

We calculated the weighting of elements in the component to obtain the A-position

and B-position feature features and define the material features as:

��/� =
��
��
= ∑�∈�  ����

∑�∈�  ����
(1)

where  �� is the molar fraction and �� is the elemental counterpart property.

Combining with Supplementary Table 1 we obtained 20 material features. For ease of

viewing, we removed the ��/� subscript and abbreviated it to an uppercase �.

The Pauling-electronegativity (E-P), Matyonov-Batsanov electronegativity

(E-MB), first ionization energy (EI), electron affinity (EA) and pseudo-potential core

radii (PCR) were mainly used to compare the difference between anions and cations,

so we define it as:

� = �� − �� + �� − �� /2 (2)

Tolerance factor t is an important parameter to demonstrate the stability of perovskite,

which is defined as:

� = �� + �0 / 2 �� + �0 (3)

where �� and �� are the mole averaged ionic radius of the A-site and the B-site

respectively, and �0 is the ionic radius of the oxygen atom.

The octahedral factor (μ) is defined by:

� = �� ∕ �0 (4)
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where �� is the mole averaged ionic radius of the B-site and �0 is the ionic radius

of the oxygen ions.

The above generates a total of 28 features.

We grouped the features with Person correlation coefficients greater than 0.8 or

less than -0.8. In each group, we chose a common feature related to the target property

and represented the other features in the group. For example, in the first group of

highly correlated Pauling-electronegativity (E-P), first energy ionization (EI),

pseudopotential core radii (PCR), Octahedral factor (μ), Matyonov-Batsanov

electronegativity (E-MB), we chose E-MB because of a common chemical property,

and E-MB exhibited a higher correlation coefficient with T%. A total of 3 groups of

highly relevant features were summarized and 3 features were retained, as shown in

Supplementary Table 2.

Supplementary Table 2. Three groups of highly relevant features and the ones

retained.

Highly relevant features Retained feature within each group

E-P, EI, PCR, μ E-MB

MT, IR, AR, X-O, CVR, EVR, EP, CovR,

M, NEC-S, NEC-C, AN, P, C-a, C-b, t
Dce

V Dve
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Supplementary Figure 1. Importance assessment of 7 features based on ETR model
using Mean Decrease Impurity (MDI) and Permutation Importance methods.

Supplementary Figure 2. Joint distribution of features in the sample data.
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Supplementary Figure 3. SHAP dependency plot of ST and its SHAP value in ETR

and Dce value mapping.

Supplementary Figure 4. SEM images of free and fractured surfaces of the

0.04Ba-0.004Tb-KNN ceramics, (a) ST = 1165 ºC, (b) ST = 1180 ºC, and (c) ST =

1195 ºC. Grain size distribution and mean size of the 0.04Ba-0.004Tb-KNN ceramics,

(d) ST = 1165 ºC, (e) ST = 1180 ºC, (f) ST = 1195 ºC.
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