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Figure S1. Distribution of band gap (E,), formation energy (Erom), and convex hull (Egyy)
database for (a) cubic and (b) tetragonal phase of ABOs.
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Figure S2. Initial database (500) before applying the active learning process for (a) band gap,
(b) formation energy, (c) convex hull energy, and (d) database number satisfying the given

condition.
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Figure S3. Portion of descriptors in feature importance for prediction model of (a) band gap
and (b) formation energy. Each descriptor is abbreviated as follows: melting point (MT),
atomic number (AtN), electro-negativity (Neg), Mendeleev number (M), and valence (Val).
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Figure S4. Prediction accuracy change in terms of (a) R? and (b) mean absolute error (MAE)
with respect to the increase in the database number for the formation energy (Efm, ¢) of the

cubic phase. The database is suggested from the active learning for E, c.
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Figure S5. Number of structures satisfying the given condition for the band gap when a new
database is added based on (a) EGO, (b) exploration, (c) random active learning, and (d)

random selection.
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Figure S6. Prediction accuracy for formation energy for tetragonal phase of perovskite with
respect to different database number.



Bandgap (Eg’ o Formation energy (EForm’ S
Descriptor
R, MAE (eV) R, MAE (eV/atom)
"D, 0.605 0.259 0.765 0.312
D,+”D, 0.822 0.179 0.977 0.104
D, + M 0.812 0.184 0.971 0.110
D,+M+"D, 0.840 0.110 0.991 0.061
All(D;+D,+M+D,) 0.831 0.130 0.987 0.070
b D,: Chemical descriptors ? D,: ionic radius (rA, B, rArO, rBrO), tolerance factor (t)

2 M: Mendeleev number for A and B

'D - atomic number, valence, electronegativity, group number, melting point, periodic number

Table S1. Prediction accuracy of machine learning model for band gap and formation energy
depending on different combinations of descriptors.



(a)

(b)

Rank [mporta.tma Feature Rank lmpomnca Feature

1 100.00 MTA 1 10020 mean_MeltingT

2 83.28 ANB 2 26.62 MTB

3 71393 NezB 3 26,02 ArNB

4 6327 mean_CovalentRadius 4 8794 mean_GSwolums pa

3 5331 mean_MeltinsT 3 86.63 mean_Electronesativity
] 51.80 MNeah ] B5.55 mean_CovalentRadius
T 50.26 MB 7 8193 mean_SpaceGroupMNumber
8 47.15 maxdiff GSvolume_pa 8 76.81 MTA

9 46.75 MTB 9 15.65 mean_MendelesvNumber
10 46.11 mean_Govolume_pa 10 72.56 frac_d“alence

11 4341 mean_NUnfillad 11 69.38 NezA

11 H80 Ma 12 68.32 NezB

13 44 34 mean_Electronesativiry 13 67.33 MB

14 4106 ValB 14 66.65 MA

15 3841 mazmdiff_MeltingT i5 62.77 mean_NUnfilled

16 3813 frac_dValence 16 62.77 ANA

17 3530 maxdiff_Electronesativity 7 55.81 mean_Mumber

138 3473 maxdiff CovalentRadiue 18 5105 dev_WValance

19 3368 mean_MendelesvNumber 19 49.76 MeanlenicChar
w0 3001 dev_NUnfilled 20 49.22 frac_sWalence
21 2098 ANA 11 4698 maxdiff_MelringT
pal 1969 mean_SpaceCGroupiNumber 12 46.95 dev_GSveolume _pa
13 21653 dev_G5Svolume_pa 13 44.60 dev_MeltingT
2 14.66 frae_gValence 24 4331 dev_NUnfilled

15 1427 dev_NValance 25 40.53 maxdiff Number

2 21.62 maxdiff_Number 16 40.08 frac_pValence

7 2027 MeanlonicChar 17 3795 mean_AtomicWeight
13 19.19 mancdiff_MendelzevNumber 18 3663 mandiff_ GSvolums pa
19 19.10 dev_MelrineT 19 36.47 dev_MendelesvNumber
k] 1899 mean_MNumber 30 33.37 CanFormlonic

31 18.67 mean_Column 31 33.18 maxdiff_ MendeleewNumber
EXS 1764 frac_sValence 32 3134 maxdiff_Electronsgatmity
33 16.75 CanFormlonic 33 1982 maxdiff_CovalentRadius
34 16.10 frac_fValence 34 19.13 nandiff_NValanes

35 15.30 mean_MNpUnfilled 33 18.66 dev_SpaceGroupiumber
EL] 1457 max_NUnfilled 36 2820 frac_fValence

kT 1445 dev_MendelesvMNumbes 37 17.67 maxdiff NUnfilled

38 1411 mean_NflInfilled 38 17.65 ValA

39 1338 mandiff_SpaceGrouphumbar 39 15.67 maxdiff_SpaceGroupNumbsee
40 1307 mean_MNdValence 40 15.35 ValB

41 1306 max_NValance 41 1488 dev_Number

41 12.77 min_MendsleevNumber 2 2410 mean_MNValance

43 1257 mean_MNdUnfilled 43 2387 mean_NdUnfillad

44 1247 mean_AromicWeight + 1339 dev_AromicWeight

43 12.30 Wald 45 12.67 mean_NpUnfillad

46 12.16 enazdiff_NUnfilled 46 2186 mean_Column

4 1099 dev_NdValence 47 18.61 dev_Column

438 1052 mean_NValance 48 18 48 mean_NdValsnce

49 1040 mandiff WValance 49 15.04 mean_Nflinfilled

50 10.30 mean_NeWalence 50 12.19 mean_GShandzap

Table S2. List of 50 (descending order) most important features for prediction model of (a)
band gap and (b) formation energy. Features other than standard chemical descriptors (145) are
colored as red. Each descriptor is abbreviated as follows: melting point (MT), atomic number
(AtN), electro-negativity (Neg), Mendeleev number (M), and valence (Val).



IEF orm,T-

Structure EHull,T EForm, T Eg, T EHun, c EFnrm, c Eg,C | Tc 1 P s
[eV/atom] [eV/atom] [eV] [eV/atom] [eV/atom] [eV [eVF/:ltn(’)Cm] K]  [pC-em 2]
KNbO, -0.221 -2.697 1.71 0.011 -2.686 1.74 0.011 708 30.0
BaTiO,  -0.030 -3.288 1.68 0.007 -3.281 1.82 0.007 408 26.0
PbTiO,  -0.021 -2.517 1.69 0.024 -2.492 1.48 0.025 765 >50
LiNbO,  0.071 -2.666 2.05 0.167 -2.570 1.66 0.096 1480 71
LiTaO,  0.072 -2.895 2.50 0.140 -2.826 2.70 0.069 938 50

Table S3. List of widely known ferroelectric materials. The name of structures, Curie

temperature (Tc), and spontaneous polarization (Ps) are obtained from previous reference [18].
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Category

Conditions

Number

E
‘E >02eV
g, C

<
EForm, T EForm, C

|EF0rm, T EForm, C|
E >1.0eV
g, C

< 100 meV/atom

E <E

Form, T Form, C
|EFomn, T EFom c| < 100 meV/atom

02eV<E . <10eV
g C

Form, C

Form, ¢ <100 meV/atom

>
EForm, T EForm, C

|EF0rm, T EForm, C|
E >02eV
g, C

> 100 meV/atom

*Not available for tetragonal phase

(RbPaO,, BaH{O,, TIPaO,, LiPaO,

CeGaO3, GaPaOB, NpScO3, NpGaO3
NdScO3, SmScO,, InPaO,, NpAlO3

NpInO3, NdInO3, BaPaO3, NpCrO3
CuTa0,, CuPaO,)

63

16

65

70

18

Total

232

Table S4. Number of structures satisfying each condition. Categories 1 and 2 are the target

conditions in this study.
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Table S5. List (232) of cubic phase satisfying the target conditions (Eg ¢ > 0 €V, Eguy, ¢ < 0.5
eV/atom). The name of tab in excel file is ‘Cubic 232’

Table S6. List (63) of structures satisfying the target conditions (Eg; ¢ > 1 eV, Eguy, ¢ < 0.5
eV/atom, Epom, T < Erorm, c Whose energy difference is < 100 meV/atom). The name of tab in

excel file is ‘T-C-Satisfied’

Table S7. List of those partially satisfying target conditions. The name of tab in excel file is

‘T-C-Unsatisfied’. Condition in red means that the structure does not qualify.

Chemical Formula Stable Phase
RbPaO, Orthorhombic
BaH{O, Cubic
TIPaO, Cubic
LiPaO, Rhombohedral
CeGaO, Orthorhombic
GaPaO, Orthorhombic
NpScO, Orthorhombic
NpGaO, Orthorhombic
NdScO, Orthorhombic
SmScO, Orthorhombic
InPaO, Cubic
NpAIO, Rhombohedral
NpInO, Orthorhombic
NdInO, Orthorhombic
BaPaO, Orthorhombic
NpCrO, Orthorhombic
CuTaO, Orthorhombic
CuPaO, Rhombohedral

Table S8. Materials whose properties are not available at tetragonal phase but available at
their most stable phase from OQMD database.
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