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R, BHEHE R RN T H 1
PRESAEAERE — 2 MBRFEI . SRR vk b3 i) 5 12
R, 18 T340 B8 (Bond-valence model) it
HAFEIH A—O0 1 B—O MK (FH dao 1 dgo F)s
H dao fRE RatRos M dpo R RptRo, FILAGE]—
MHRBEFR T gy, HERILINT:

dao
thy = 3
BV 5 doo 3)

AT, 58T SISSO ik, FIFNLEE: 3]
(IR S IRV BIR T JE Tty A oy HO PN K
W R TR AL, XA () M REEAT PEAS AT LR
KIGEER LY, FIF dao A dpo MEERIHT R N T
oy, (EFEAR LRI L tay T R 0 20 FEUER 2

1 &

1.1 HiEsE

ZHIEEG S 376 B ABO; BliL &Y, Hrb 232
PSP RAEERT 454, 340 144 FhONAEES R0 25
MEY. Y5 AL B BFIME, REEa N
= K5 AYBY05. AYBYO, Al AYB*0;. Wt
Fiib &9, EELLL FERE: AL B B TR A, A—O.
B—O MK LR N BB AR B RV R T tgyy, HL
R 1 Fios.

1.2 SISSO

SISSO(Sure independence screening sparsifying
operator) & — At T 48 B AN A o M vk, el
PAAE K AR AIE FP R B — A i (AR 4 JBE O RFALE A
TR SEFAREEE T, SISSO I LAIE tH— A4
o %A DR AR AN R 2 e, H e
L& T 5 U S R E .

£ WS E G EE S RN

Table 1 Details of experimental data set

SISSO i MKIRERE AL [A1TF 48 . T 5 AT
JFR T R A 5% O A R B B AE 5 ) @y, @ HH A
& DA EMET, WR TR, MBaeasas, &Y
EEELN:

H™ = {I+,—x,/,exp,log,| .V 727 ]

“)
XA @ ¢ BRERHIER @ A TR . N @,
TFRRIEAR, REUGEAK A 1 TR 2310, 7354
n RIS, FRAEZE ) @, W RIRUNF

D =

n

ﬁ(m)[¢ls¢2]o V¢19¢2€d>i71 (5)

-

i=1

B, @, TITRHERME n KR KT
% . SISSO I FEA] L4y SIS A1 SO P4y Hirp SIS
A58 FHRH 5% M8 55 ( H s Ja 2 AR A1 22 1) ) PR AR ) 4 %o 12 )
SR B B ACE FRFIEREA TV 2, IF HAUGRRR 2 e
Ll SO FTREHE MR LR n HERER R
Kl 1 7R SISSO EMAKESE: H4IRLL 5 SIS /= AE [k
% A (3 P) B A e KA T2 M T & 9B,
REITF R AHHE, REFIRH SO HE— PHERUR 4R
b i

1.3 ROC #i%k

76 ML #% % 2] 91 3, ROC(Receiver operating
characteristic) &2k 132 Hh B A T A TR 1 R 1)
flio PR A TN G5 R FEAR AT, RS 1R
e 25 BB MEREARANE N IE BT T, R
PAME, FFLLVEATARE. HAARIEE], BIRT133) ROC
HES

ROC HIZEHIM AR “FLIEHIZR” |, B TPR(True
positive rate), fEEAAFR < L2, B FPR(False
positive rate). FE E XU

Parameter Minimum Maximum Average Description
na 1 3 2 Valence state of A-site ion (1,2,3)
ng 3 5 4 Valence state of B-site ion (3,4,5)
dao/A 2.133 3.336 2.631 A—O bond length
dgo/A 1.499 2.428 1.970 B—O bond length

tgv 0.730 1.501 0.730

Tolerance factor calculated from bond valence model
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D)  Original features space
. Operator_..--~
sets
; D, LN Sip —> 1D descriptor
. Operator_.---~ l
7 sets
Apply operator sets : b, SB Sop — Sip U Sy 39 0 descriptor
to @; to generate a new &,
features space @;,, l

\ "
\

% Operator _..--* l

sets SIS

SO .
P, —> Sp —> Sp U SpU -~ U S,p —> uD descriptor

B 1 SISSO HikMEARHES R R

Fig. 1 Schematic diagram of SISSO algorithm (Apply the operator sets to @, to generate a new features space @_, . Algorithm

1

uses SIS to score new features space to select feature with highest score, and use SO to further extract best descriptor)

TP

PR= ©6)
TP+FN

L )
TN+FP

X TP NEIEHI(True positive)FEARL, FP NIRIE
i (False positive)FE A%, TN SHE & #(True negative)
FEAKL, FN AU B(False negative)FEA L, HAKS
X 2 s

F2 RIBHELE

Table 2 Confusion matrix

Predict
Real
Positive Negative
Positive TP FN
Negative FP N

2 EEEENT

2.1 SCISRTERVIESL

SIS RARRAR B 2 B . ARG EE 4 ik
ITRHIEESRE, BRI I RHE, FRASMINAKT IR
THREIEEE 4, X A BdEtEiz H SISSO Sk Mm%
BRI EVEH T tave FRROBIR B rpy I HLEE 2]
PR R SRR SRV J ST FRUI AT AR A R R PR AR A,
A A D of e R ry A it 7 S7. e SR T
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22 HUEE A BYERK

ZHIEEA T LR 376 B ABO; LAY K EA]
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376 478U, AT EIRIE ML GRS TIX S
ANRHIE, | 232 A7 EE AR 450, )5 144 1750RE
AR R 454

2.3 FBERIFEAF py BIERK

SISSO FAILL SISSO.in FEHEE 4 1F N ANEL
P, Horp SISSO.in AL FIZA R 240, Wik IK
K, MRERAE OB S, BREE 4, BI 2.2
AR ARG, W AR B R N N Sl . R
4f SISSO.in SCHH IS HFEIESE 4 )5, ¥ —H1ER
S NEHE, JEiE SISSO AR H] 15 2 — AN E A VE R T
tpve Ty IIRIE I N AL B B AR 4 A T MRFAIE
it SISSO H)773%, AT LA EE 2 4 i 5 AMRFIERE
AT ARBOE S Bl R s S DU B, T RO 505
Mk, 92— ANHIX 5 MHIEEAZ 5 AR A
AR ZRER. HAEF TN

_ ng xdxe!
Indgy xInd

TBv ()
X d=dyg/dyg -

FERG)FI®) T B K (dao AT dpo) L ES T2 422
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: - Take 7y as descriptor
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Feature : v
selection l Qo] i Data set C |
Data set B Descriptor gy

Descriptor  fgy

Machine learning
model

Machine learning
model

Y

Decision tree
A

Compare prediction
performance using ROC
curves and AUC

Decision tree
B

2SI R A

Fig. 2 Overall learning process of experiment (Data set 4 is used to generate a new tolerance factor zgy based on SISSO method,

and data set C is used to establish a perovskite stability prediction model taking zgy as descriptor. For comparison purposes, data set

B uses tgy as descriptor to build a prediction model)
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MRFAEAERE b, HEATBUE X R B4y, R 2 5AH v Re
BN 25 B X 8] o 53 5Lty F1 1y NAFAE, 14
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i, BETEA =M 45 (g 5, BRAR
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Fig.3 Distributions of ABO; type compounds on gy(a) and zzy(b)

O Perovskite

@ 4 %? [533% *H Bv E‘J%%ﬁm%ﬁﬁ@

Fig. 4 Decision tree models based on #gy(a) and 7zy(b)
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N TR A BN RSB AY RPE RE AT VAL, W]
f&Bh T ROC HIZEF AUC, T HIEER/DN, BT
IR SZ N ZR AR SR R T B R . D T kX
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Hrr, AUC #5072t ROC £k 55 A s il R 2 ok 1) T
L, HABTE 0~1 28], {EBET 1, Ui BAE
Pt =P

XoF 1 4 R AN DRSS 43 3R AT 10 IRSE X
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KRB ERE . BT rpy M3 0 P SO B2 1)
ROC HIZEA AUC W{EWIE 5()f, 10 A8 SLEIE
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Fig.5 ROC curves and AUC values of decision tree model
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New tolerance factor based on SISSO and machine learning for
predicting stability of perovskite structure

HU Hong-qing', WU Shao-gang', GUO Zhi-ting', ZHOU Gao-feng', DAI Dong-bo', WEI Xiao" 2, ZHANG Hui-ran"?

(1. School of Computer Engineering and Science, Shanghai University, Shanghai 200444, China;
2. Materials Genome Institute, Shanghai University, Shanghai 200444, China)

Abstract: Due to the wide application prospects of perovskite materials, research on their structures and physical and
chemical properties of perovskite materials has been one of the hot topics in the field of materials research. Among them,
predicting the stability of perovskite structure with the help of tolerance factor can help researchers discover more new
functional materials. The conventional tolerance factor #r for determining the stability of the perovskite structure based
on ion radius has certain shortcomings and limitation. In view of this, this work proposes a new type of tolerance factor
gy based on the bond valence model using the SISSO (sure independence screening and sparsifying operator) method
which can effectively avoid the defect limitation caused by the ionic radius. This work uses the decision tree algorithm in
machine learning to establish the new tolerance factor verification model and the results show that the new tolerance
factor rgy can excellently predict whether the ABO; compound is perovskite or non-perovskite, which greatly improves
the prediction accuracy.
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