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Development of machine learning methods for materials informatics
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This research started from 2016 to boost the development of informatics
methods in materials development. As a result of collaborations with other groups, we obtained the
following achievements. (1) Statistical machine learning methods for spectrum analysis to
discovering nanostructures. (2) Automatic design of materials using Monte Carlo tree search. (3)
Discovery of stable compounds with recommendation algorithms.



M X C—19,. F—19—1, Z2—19,

1. WFZERsE S0 5

e [ BEEso a7 47
B — MR RL O R 1T, MEREE &
BHREFOMEZ B LTV 5,2015 4
T T, AEOMNIRE THHHEMIT, FHE
WHIEDHE L LTI TE =28, LV
TEHRFOMIEITIENT D E VWD BT, #
M2 LT 5 H7 it %2 2016 4E
FENSBRET S 2 L ICE LT,

2. MO BEW

Bk SN ARFHEIFE T, T/ EEE#RO
&M % B L72 M BHRL T & W o @l & i
JeaRHEET D, THPBHRR], TEEHER] Y
HEARR] O 3 SZMERN T L EHT & D
AAFERICRs T2 X —F vy b L, T—X
DFFHNTIZ LB 7 L) XL OB
RaEd b, BARANZIT, DR Z2 R E
EHEZ DL T O, 207 —FICHESLE
W OB 3) R ERE e EERFTEIE OB &
W) SR E TS, FLTCaEL TV
7 MCS)FBIZH LT DM BT — < IZHM
TEL L) TR ZED D, S HICHIEE O
HEMRIZBWT, HileeFlE- 7L X
LBARMBLE L R o T2IGEIE, RO
WIS 5, 20X 5 ICARBFZE I g N O
FEROMEE 2 I S, MRS A 7
~T 4 AFEEERS B EL 2 2 H
B, ¥, FODOEFAMERICHE
k9 5,

3. Dk

fBEE DaI2=r—a s z@ LT, W
AR 21T o7 d & ARBEIZ THEM
T T Y XLOBRGFH ATV MMBE S T &S
ND7T—2IMS 5, £, I REL
TV D HEREGFROBM 2RI LT, #i
FENCMBERT — 2 2E0 H¥, #ikE T
PR EBR LT, e LTERT D,

4. WFFERRSE:

(1) FHEFZEEE A0L () (fRFE  REEEI
Bt - HHBRKRT) EOEEEIZL - T,
15 3% O MR 72 0 Y FH T — X SR O 7= 9
DOFEFTHIER = H B ZBRR L 0D RERE
1, FHALE O RPTHEE 2 K3 5 227 f L
D 2WTTFH (A7 b e f A=) T—
Zob, OO AT FVE X OER A
ZRETHILHN L FIELZHE L. BRTF
B X D7 — X T o B BRI X0 kS
BOFHE 2 A B FRY, F72, BEH»O
E B2 OFZELPHEIND. 20
BHZSEEIZ B L C, STEM-EELS <2 STEM-EDX 7 &
D& IR EBFHWA T — % 2 AW TRIEO L

ZHEE L Ultramicroscopy [ CREZITo 7=,

(2) & @ fil it o0 R T TILBUSH DWW AE R TH

CK—19 (Jtm@)

RIGHEEE TR Y, fii/ERIZZE 0B IR E
WICEWHESIND, FHHEAFIEEE A03 (&) (fR
FTH . WEARERBER - LEEKRT) Lo
HIZLY, &EMIEOR M EZ REMICRT &
D—>T&H 5 d-band center DIEMFEIZ KL
HIEMRTHNIRI LT, KFZETIE. &/
RO EEDEREEES A A LR E
72 &L & L CHVY, Gradient boosting
regression 72 E DT E FEEZH WD Z
LICE o T, BHRHEEEELHWTIC,
d-band center D EFFEDFRIMNAHETH D
ZlERR LI, BHREREOET ) TR
DRI EE KERFHRE A
DIIPDND T2 8 B3 K 2 C el 72
RIRT L0 | WERER 2R AL ER SR D @ b
PATSERR B OGN TE B,

(3) FHHEPEOL () EtoE#EIZL Y, EES
WERE BB O = Rr VX — AT K
JVIRNTIZH1 27 — X fEFTIE ORISR . FFIC,
Ny 77T 7 RO N D
FHAOHERRICES L CHU M4, EFE Y —2 v 3
w7 EDGE 2017 38 X OEE DO ENF2 THE
L7z, £7-. 3D T~ AT NIVIRET
DORFFEIZ S FHUHD KA, HEFEIZ LD
AT MV EEERIE L, RS
Journal of Physical Chemistry C IZ%F+& L
776

(4) FHEPE A02 (=) BILW A (F) Lo
HWHEEIC LD . T a b oA TR R A
Bep B IS & |l 3 5 FikICHY
FA . FINHERE Physical Review B THFE L
Too F72. FHEIPEA02 (=) & DEHEEIZ LY,
SR e 0 JE 3 O JF 1A% 1 B L2 B 3 5 RRak
FEHWEZ 2 X =TI LY SXED
b DG E OISR R A mEkT 5
FIEOBRICI D BATZ, £z, ANEIEOL
Iz & L OB LY, 7 a b omkici
T LW A E RS x PHT 5 F
EOWFRIZED $LA T,

B) fLEWITNL SO AE b
WX TRE SN, HIENERI LT
5HODERE S &I, REDOILEWZ TH
TAHMEIL., HES AT L L EREO DR
BMELTHRDZENTED, 2T, i
VAT LNTHWONAITEN R - T vy
it Wol-FEEHWD Z LT, Raofbds
WaETHTH5ZERMRETHDLIEERL
7=, & O W% F 1L Physical Review
Materials 8 ETHRF I,

(6) AOL(A)BEE OILFRBFIEIZENT, iR
LR ERCT LRGSR EOT LT XA
ERFE LT, ZRET, b Rm. B2,
E3[110] A1) BT DA = R L F— Dt
BAERNZHG > TV T, Fhe, BAed
R, Bl z1E. X30110] (112) oKL Sk i ik
ENWCHWD Z LT TE R T2, ATl



B2 IR FUCB L CHLRICER CTE LR
TEERL, TNONRRTFHELER LT
FEEITH)FEICE T, A Xfbic kb
EERTE % RIBICMEETE D2 2R LT,
ARSI, Journal of the Physical Society
of Japan {ZHRR & 7=,

(MEHOYMEEZFESFRIEAEYZ B
WRTHZEIE, IRETH LW S
CT&E7=723, 4, Variational Autoencoder
R EDOWEEEER T ENEA ERE
SNTEBY, EBAREENESE->TWND, K
W72 Cl%. Recurrent neural network & &3
T AN a KRR E A TZT1E ChenTS % BR%E
L. github ECT—#RIZ/ABA L 7=, ChemTS I,
PEFIEIZ LR BRI K W 2 < 0 1%
BT D2 EmTE, mEICy T ORE{LE
To52ERTEL(H1), AREEIE, Science
and Technology of Advanced Materials {ZH
iz,

® ®

T ® ® G ® ©

OB 66 6 66
© ® é®

<ZJ©YO‘~ ?:mf*m . H’

De Novo Design Simulation

X 1 : ChemTS |2 L B HFHULEYDORE

(8) A X fb Tlk, AR OEUT i L
T-RFEENRID T2, KEB 2 ME I
HT&ehol, #Z2 T, arta—FHE
THWHN A &REELT LT Y X AIZHESL
python 74 7 U MDTS #BEFE LA L7,

MDTS % Si-Ge B4t fMBICEH L, ~ 1 X
et (b 23 3 T & 7 KRB 7 B E T R AT
R E2E-, AEKEIL. Science and
Technology of Advanced Materials |2 IR E
i,

5. FERBERImILE
(BFFRAREE . WHIE 3 S OV HEAF 2538 12
EN )

GEEEamsC) BHofh) ®TEBADY

[1] H. Wang, H. Zhang, B. Da, M. Shiga, H.
Kitazawa, D. Fujita, Informatics—Aided
Raman Microscopy for Nanometric 3D Stress
Characterization, Journal of Physical
Chemistry C, 122, 7187-7193, 2018.

DOI: 10.1021/acs. jpce. Tb12415

[2] K. Kanamori, K. Toyoura, J. Honda, A.
Seko, M. Karasuyama, K. Shitara, M. Shiga,

A. Kuwabara, I. Takeuchi, Exploring a
potential energy surface by machine
learning for characterizing atomic
transport, Physical Review B, 97, 125124,
2018.

DOT: 10.1103/PhysRevB. 97. 152124

[3]A. Seko, H. Hayashi, H. Kashima, I.
Tanaka, Matrix— and Tensor-based
Recommender Systems for the Discovery of
Currently Unknown Inorganic Compounds,
Physical Review Materials, 2, 013805,
2018.

DOI: 10.1103/PhysRevMaterials. 2. 013805

[4] T.M. Dieb, S. Ju, K. Yoshizoe, Z. Hou,
J. Shiomi, K. Tsuda, MDTS: automatic
complex materials design using Monte Carlo
tree search, Science and Technology of
Advanced Materials, 18, 498-503, 2017.
DOI: 10.1080/14686996.2017. 1344083

[6] H. Oda, S. Kiyohara, K. Tsuda and T.
Mizoguchi, Transfer Learning to
Accelerate Interface Structure Searches,
Journal of the Physical Society of Japan,
86, 123601, 2017.

[6] X. Yang, J. Zhang, K. Yoshizoe, K.
Terayama and K. Tsuda, ChemTS: an
efficient python library for de novo
molecular generation, Science and
Technology of Advanced Materials, 18,
972-976, 2017.

[7] M. Shiga, K. Tatsumi, S. Muto, K. Tsuda,
Y. Yamamoto, T. Mori and T. Tanji, Sparse
Modeling of EELS and EDX Spectral Imaging
Data by Nonnegative Matrix Factorization,
Ultramicroscopy, 170, 43-59, 2016.

DOI: 10.1016/j.ultramic. 2016. 08. 006

[8]T. Ueno, T.D. Rhone, 7Z. Hou, T.
Mizoguchi and K. Tsuda, COMBO: An
Efficient Bayesian Optimization Library
for Materials Science, Materials
Discovery, 4, 18-21, 2016.

DOI: 10.1016/j.md. 2016. 04. 001

[9] I. Takigawa, K. Shimizu, K. Tsuda and
S. Takakusagi, Machine—learning
prediction of d-band center for metals and
bimetals, RSC Advances, 6, 52587-52595,
2016.

DOI: 10.1039/C6RA04345C

(Famk] GF14)
[1] M. Shiga, S. Muto, Automatic Spectral

Imaging Analysis Based on Machine Learning,



The 8th International Workshop on Electron
Energy Loss Spectroscopy and Related
Techniques (EDGE 2017: Enhanced Data

Generated by Electrons), 2017.

(XF) Gt o)
(PEZEIA PEHE)
OEIREL (G0 1)
OBtk (G0 1)

(£ Dfh)
R—LR—

6. WFFERERE

() gz

HEE 7278 ( TSUDA, Koji )
WK« KR sE ik Al Al B - F 22 B
%

WFgeE &5 90357517

(2) B 5E sy 3

FEE AU ( KASHIMA, Hisashi )
RS - I RerseRl - 2%
g5 : 80545583

HEBE okt ( SHIGA, Motoki )
I B« 52 - HEHUR
BFgeE &5 1 20437263

(3) I HEIF 2T

N —HEE (TAKEUCHI, Ichiro)

AR TERY - T GR) WF5EER - #d%
Woe#EFE R - 40335146

(4) B IEH 713
( )



