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Figure 1 (Color online) The diagram of linear support vector machine
(LSVM) uses a hyperplane to divide two kinds of samples and
maximize the interval, where the symbols “@” and “A” represent two
different types of data samples, respectively. The black solid line
represents the SVM classification hyperplane. Except the misclassified
data, the nearest to the SVM hyperplane is called the support vector, and
the distance between the two support vectors perpendicular to the
hyperplane is called the margin width.
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Figure 2 Schematic diagrams of artificial neural network, including input layer, output layer and hidden layer. (a) A simple artificial neural network
with a hidden layer; (b) depth artificial neural network containing multiple hidden layers (reprinted with permission from ref. [32]).
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Figure 3 (Color online) Probability that a particle of a given D;in
value is soft. (a) The result of the two-dimensional pillar system, D;in is

reduced by dZA, where d,, refers to the large grain diameter; (b) the

classification results of the two-dimensional L-J system at 7= 0.1, 0.2,
0.3, and 0.4; (c), (d) results for species A and B, respectively, for the 3-

dimensional L-J system at 7=0.4, 0.5 and 0.6; (b)—(d), D:ﬂn is reduced

by (TjA, where o, is the equilibrium distance between the two A atoms
in the L-J potential (reprinted with permission from ref. [39]).

R AN S B A B R R R, 7E3
AR, SR BOE IR L. AR, AR
HUZ0 1 R T L B L 15T R R M T
B 72 MR, SRTTWT SR I, SEb70 R A MO A1)
Sy 2 SRR, T4, T =4 R T
F, GHIME R EEY 5 RS T
Felh, HIE CIHILAROS R, T2
T, BT BLA A O A D2, AL 5 T 75 R A
R T TR &, AR, (1)

J<@—@%YL<@—mAYL A

FERAR R ERETHE Hd, rRoRiETFIME
R, (o) o (o) g3 RIS AL 8] (8] B A=[t1/2, 1]AN

B=[t, t+/ 2] NI T34, e RAE G T B HERI I AR, 4
R R AL B, ppop RARK. ST HT#E )5, o
LASE SCHRBES, 9 J5 5 £ v 24 22 [A) v 8 0 1 T ) 5 R
PRES. S>OF, R AL TR B 24S,<0,
G- TSP TP <R B S IR, S IR B
TRERA A (B R, IF BB R A A7
THIS>0; (HEXN T2 T aMEHNETmE, A
90% 1 [K1S>0. PRI, X T+ Pir ik 5 1) 45 ) R AR T 5
B REAR G T i 7 R R AR A L. ERTER
(A, S AR I B 7 (K 3h g 2l R, A8 — 2Lt
BEDURNEWSE, W0RES e MR, S
B )2 AR R R, (E R B R RETN60%—
65% M L HE. T FH S A AT E SON“B0 I I
TATATIIN90% /e A (S s HE, KSR ey T
T e

3.3 FUMIAERMARL AR

o 2 AR TE B RE TR Il i A e AR 6
o LA R A R, A R T, S A el
PRI A B [0 DI G, B e B AR i A et
BHG 1R AR e eSS, I BT IR R R R R A
BRI &4, —H2A N HAERZNE
(RISERNRH 27 L PRI T B RE 038 e SO
i v IR, 7% JE A Tl SR SR,
PR S G AT R A B AR T R, O T it
PR I BA R EIER R I & &, TN R
T BRI RS BRI A e BT R .
m, SYOEEARRE TR, Ty TATT)5%, L
SGIRGE: AN E< v MNP S 13191 e 2 VEL 4
H2, XS AN RE A T AR R & & IR TE e
N E R TR, 2R EHED
TORBEIVER, DRI B — [ 2 B ik A M 1A 35
FETCRRRE ). B B A0E 08 ) TR Aff 2 R P ) R
i, BRI BE AR R A AR BT A RE AR R S 18
o e mAPRRBLT R, FHRAA AL RERIA KL,
AR B A PR I 1

FERBAR IO AT 5 R, Hlas 2 511X Ao it (K %
FE T T VR RER 35 70 W 24 RN 15 S BT B e
) SO0 AN FR e i, A ST A T A B AR Y, D iR
il SRR A DS B ) BB (3t 13T AR AR A 3

067002-6



RAEEFSE. REBE WEY J0E ORI 2020 4F S 50 B G 6

HL. B, Suns APUR SR R ENLIOHLES 7 S 50,
X I A S MBS TE BRE 1T T KRG, #ALT
G SRR R ORHE, X TR B R AP B
TERRGE ST PHTA RHEAT T 0. A AR P SRR AL
Sk, %ot BRI 22 4 S [R] Y IR A AR 2 I B i AT
rEl, WA ZS RSS2 RE. W
Blaffs, BEA BT FE S 0SB B, B HH 2 A
S SVMBLRLIIZR, BERVPAG R AL TN, REEE
12, HTIZEEEEA K, G r s BE A D) #)
BN FERIAE X IGUE T ESAER 7. s g A
I E R ISVMIAN S8 C Yy, 7 LR 2IAFE
SVMAERL, RN T H AR AR, 4745
BBV LR T UF HIRE S I MEZE P 5 1 Py, 58 X
BBE=P 113/Puy, FIUSERBR A 1. H,
“H AR5 3394 L& Ak aE v LA A 5
R4 B BRI I R Ay, AR ELTE FT A BE1S B A2
WH ey, L1310, Bl HISVME AL D445
[FJ B 3 A P >0 3 FIE R K.

RS TR R (aw]l, aw2)s IREIE(AH). R
THAR(L, r2)s TCR BB (Tygl, Ti2)~ K
EAGIRFE (To)« AR ZE (AT, ) TCERA T (cl, 2)
I — AN A S EA AR T E RS, "L
PRUT A 8 HOAS TR M S B B T2 B e 70 s, o,
Tie=Tiigl e 14+ 322, ATy =(Te—Tiig)/ Trie WEISHTR, I
R %S5 5 BRIV RRE T A A AN R FR BE 1 DR BE,
ERCRF R RO . 2 . o IR Z AT, 5 & &K

I RLRR ) 2 [ ORI N B3, 1 A& 2 /AT,
ST fENRIANS R, W U3 BA R AETNBCR T
SVMAEAY,

B 6 7 B % 5 A S VM TN 255 s 78 ) ] 5
P AEPBEOREMANFR S EATL, STJ5, &IE
TS R T P B FES T 6 ST Ppa IR 93 A, 4168 X3,
FoN B BAEBEE T OB I I X 3, LA B RS T R
FIP A TE SRR RE A R B8~ 1 (W R BE 5. fF 5
“xPFRid T ORI R RIFEIETE SR S ot a4
oA, IR — 5 BT e 1 U e a4
WAELL O X Ik 2 Ak, (RSt BEARTN 5 X 2 R A A
IRUFHI—ShE. AR AL, v DU R A & 4%
Ay HEAT TN, IXRE A B SEI6 BE AT e S s
56, AU K6 5 AR S A S RO R R IR, 1% T
VEAE A FH 37 0 T2 L X 28 i e 3R AT 90 BT F — ol 2%
R, B8 TG RR. XK, PLESE I MR R
MR SR U R A RN AR . RAEA
. SEEMEEE, EBHERANMN TR, Hl
AR ) 7 VR B S AR A A U TN SRR B R v 11
58, BB R I AR

SO B S LA R T AR U BRI 38 A AN LAl
WO 77 T 0 B R PR 2 e Y, R I B
MR —E & — TR B T4, X TIEsmarhn & 5 2
P TR BR R, N BRI R R, A
RKPFTE P u AR ] LA 2 AR e . 5 iR,
H T AR SRS R T, WA [ 1 AR, DR i % i

B 4 (WS ROR D) SRR T EEALSIE T SR B RE B AC RS, ELAREE R A L. SYMBE IR, BB Al MBS )

ey

Figure 4 (Color online) The basic process of predicting glass formation ability by support vector machine algorithm, includes database
establishment, SVM model training, model evaluation and model prediction (reprinted with permission from ref. [S1]).

067002-7



RAEEFSE. REBE WEY J0E ORI 2020 4F S 50 B G 6

B 5 (W2 ORI AR B AN R S\ 2 B R i 19 S VMAE 7
P, EFORSVMBLEL [ IR, B, BACR Bty
Figure 5 (Color online) According to the evaluation of SVM model
trained by different input parameters, E represents the prediction
efficiency of SVM model. The greater the E, the better the effect of the
model (reprinted with permission from ref. [51]).
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Figure 6 (Color online) The best SVM model predicts glass formation
ability Pgpa. From blue to red, glass formation ability becomes better in
turn. Pgpa>0 indicates good glass formation ability (reprinted with
permission from ref. [51]).
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Figure 7 (Color online) The trigonometric diagram shows the change
of Young’s modulus £ with the composition. (a) Results from high-
throughput molecular dynamics simulations; (b) results from artificial
neural network (ANN) predictions; (c) comparison between the results
predicted by the ANN model and the results of high-throughput
computational simulations; (d) comparison of molecular dynamics
simulation values, experimental values, and ANN model prediction
values (reprinted with permission from ref. [56]).
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Application of machine learning approach in disordered
materials

WU JiaQi', SUN YiTao’, WANG WeiHua” & LI MaoZhi'"
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Renmin University of China, Beijing 100872, China;
? Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

As a new amorphous material, metallic glass has been widely studied because of its excellent mechanical, physical and
chemical properties. Glass-forming ability has always been an important problem restricting the development of
amorphous materials. In order to design amorphous materials with good glass-forming ability, a lot of research has been
done on the glass-forming ability of amorphous materials. It has been shown that a single factor cannot describe glass-
forming ability of amorphous materials. Because of the complex and disordered structure of amorphous materials, it is
difficult to understand the structure and nature of amorphous materials comprehensively and clearly by traditional
methods. Machine learning method, as a new research paradigm, provides new opportunities for exploring these
bottleneck scientific issues in disordered materials. In this paper, some machine learning algorithms, such as support
vector machine, artificial neural network and K-means clustering, are briefly introduced. Moreover, we briefly review the
application of machine learning approach in amorphous materials, including the classification of amorphous structure,
the correlation between amorphous structure and properties, and the prediction of macroscopic properties of amorphous
materials. We also discuss the future application of machine learning approach to disordered materials, including the
development of comprehensive database, high throughput calculation method and the development of machine learning
potential function.
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