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Fig. 1. The Transformer encoder structure.
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Fig. 2. Multi-attention mechanism module structurel!d.
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Fig. 4. A hierarchical clustering diagram of the main family elements.
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.
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Table 1.  The random forest model parameter.

Blase 0 JRTRAETE BEYLARAR PR 5

Magpie 50
FfiBIL AR AR Atom2Vec 80
Atom_DL 10

5 BRI R FHEI 235 2R 1) F- 2 A X iR 22 AN 18] 7 e
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Ji AR ) e A DA i AR R IR )~ 285 2 o 28 2
T C A B PR RRIE ) B R s 7. A, 24
Magpie Fl Atom2Vec 777545 2 1Y i 4 AF ] 525
AL AR rp g A [ AT T A 2
R ZE 5 TN T A SCHR T Y SRR ) 7k 1%
U T RS TN A B LG A b 5 2 8. el T A%
U (] 1 5 5 P Ak B AR U A G i B R, T
Magpie 153 2 Y 5T REAE ) & or A G —, 4F
AEAR SN B SRARAR, BT LAY 24048 %55 158 2 L 5 Tl
AT AR ] B R G —, SRR Z ) AT
—E WIAHOCE, BT AP 26 % 58 22 51, Xt i
ARG B B TR 1) AR AE | B AR R oA U
ik ]

0.25
Il Magpie
Il Atom2Vec
0.20 Atom DL
0.1790.176
0.169
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0.05 |
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Fig. 7. MAE of band gap prediction for MXY Janus mono-

layer materials.

AP TR TR 24 DA RO BRI
(ELRIAY B BN (L, JFG Hpafy B TR R o 2 T
Z PR B A — PRI SRS B, a5 R B
W PBE Sz st T AR, A EpLIE
Al e AR F A A A5 7E Kohn-Sham $FEZS
gz brp 22 A 4 AT LAFE Y, 3 Fp LA o > fE Y
PAF TR B 2 T Y SRR 1 e B R R T
IRCR. X ARLIRUEAS SCAF 2 A4 4k 1] 8 A AEBIL
T IR B A R, SRR R A R )
] AR TS HAR AR B AT 55 .

5 & W

ABIESERE T SO RL A J5 5 AT LA ) At
TR R SR LA AL S WL, A TR
20 175 R R 22 A8 T PR I CE T
R R Z R IT R B TRk i BESLARAR

® 2 IR EIABRISEL

Table 2.  Kernel ridge regression model parameter.

ML~ H ik JEF ALk 1% PR ZIARLIREL IEDfk R 24 ERE
Magpie ZIA 1 1 0.010 1.0
ATV Atom2Vec ZWA 2 1 0.001 0.5
Atom DL ZWA 4 1 0.300 1.5

3 R EALEEBRAISEL
Table 3. Support vector regression model parameter.

B2 2] JEFFAE T H% PRI ZWAYEL ENE S5 T = TERE
Magpie 2% 1 0.1 0.01 0.5
SCHF AL Atom2Vec ZWA 2 1.0 0.01 2.0
Atom_DL 2 3 1.0 0.15 2.5
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R4 MEGEARTIIHE AR
Table 4. Comparison of material predictive and experimental values in the test.
FEHLRR AR ALV E] SCRpI AL
MEMEEY B
Magpie Atom2Vec Atom_ DL Magpie Atom2Vec Atom_ DL Magpie Atom2Vec Atom_DL
CISbTe 1.255 1.198 1.108 1.236 1.176 1.280 1.157 1.253 1.336 1.296
ISSb 1.219 0.885 0.988 1.061 0.849 1.111 1.114 1.068 0.765 1.219
ZrBrl 0.774 0.706 0.665 0.702 0.484 0.700 0.952 0.566 0.856 0.975
CISbSe 1.172 1.321 1.283 1.343 1.446 1.461 1.282 1.294 1.443 1.397
ZrSSe 0.829 0.569 0.595 0.680 0.596 0.603 0.885 0.578 0.641 0.861
MoSSe 1.453 0.947 0.783 0.932 1.089 0.997 1.394 1.167 1.357 1.220
CrSeTe 0.572 0.258 0.247 0.205 0.382 0.240 0.338 0.349 0.409 0.395
TiClI 0.745 0.601 0.524 0.602 0.408 0.749 0.717 0.554 0.792 0.636
VCII 1.100 0.769 0.726 0.623 0.501 0.714 1.307 0.721 0.990 0.750
VBrCl 1.289 1.081 1.005 1.095 0.633 0.918 1.052 0.915 1.383 1.159
ZrBrCl 0.912 0.971 0.896 0.920 0.764 0.955 1.048 0.920 1.217 1.074
BilS 0.401 0.698 0.692 0.700 0.541 0.723 0.509 0.659 0.869 0.838
WSTe 1.141 0.646 0.635 0.634 0.695 0.531 1.006 0.940 0.681 0.875
BiClSe 1.235 0.952 0.998 1.127 1.022 0.993 1.204 0.985 0.985 1.085
TiBrCl 0.830 1.106 0.860 0.776 0.536 0.918 0.863 0.751 1.125 0.887
ZrCII 0.877 0.633 0.638 0.633 0.610 0.794 0.982 0.700 0.994 0.772
AsClSe 1.717 1.494 1.549 1.512 1.559 1.433 1.490 1.475 1.579 1.498
AsBrS 1.417 1.447 1.417 1.468 1.342 1.184 1.211 1.465 1.429 1.444
ZrSTe 0.208 0.237 0.218 0.245 0.238 0.145 0.198 0.249 0.076 0.237
ISSb 0.794 0.741 0.817 0.919 0.851 1.113 0.971 1.070 0.944 1.297
BrSbTe 1.319 0.878 1.029 0.983 1.110 1.015 1.256 1.144 1.208 1.041
BiBrS 1.188 0.929 1.067 1.114 1.016 0.858 1.041 0.949 1.184 1.079
ZrSSe 0.613 0.581 0.706 0.766 0.595 0.603 0.538 0.577 0.448 0.651
BilTe 0.346 0.530 0.508 0.481 0.464 0.518 0.033 0.420 0.376 0.173
CISbTe 1.255 1.198 1.108 1.236 1.176 1.280 1.157 1.253 1.336 1.296

A2 W [ 5 0 52 45 ) 1 (01U 3 Fh ML &S 2 2 vk Xt
Janus Z5H A @AY MXY Janus B0 )2
AR T BRE B EA T EUN . AE MR IE s | Al
FH T MRS RAE R RRAE . MRS A R AR 1
AL A P45 TR I VA — P X7 5 R & B i L
JEFHRIE S 5 H Magpie, Atom2Vec Fll Atom
DL. 2 7453 A A 35CR B aF A siil ) X —Fh L as
2 B E L — A B S5 R S W)
Scikit-learn JF i1 S BN K 18 R R BUIE S BUE R
2 TR, A5 B 2= S BRI i S
i S HOHNRAE AR SR A T A, 115
MR AE R da X iR 5. NEE R kA, ST IRE
=5 S PR A DR PR AE AR HILAR S > A AR v R B
HAFRPERE.

Bl HLaR27 T AR & R HLERF ST AR E A

U B2 P B BT ORGR 2. TR HIBLAS 7 > 1
RIS — LW RRE TR, Fr LA 4 R ] LAY
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BRI RE AR AN 20, ks i
FEBAN RIS IR R AR RHES R

S 30k
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Abstract

With the development of artificial intelligence, machine learning (ML) is more and more widely used in
material computing. To apply ML to the prediction of material properties, the first thing to do is to obtain
effective material feature representation. In this paper, an atomic feature representation method is used to study
a low-dimensional, densely distributed atomic eigenvector, which is applied to the band gap prediction in
material design. According to the types and numbers of atoms in the chemical formula of material, the
Transformer Encoder is used as a model structure, and a large number of material chemical formula data are
trained to extract the features of the training elements. Through the clustering analysis of the atomic feature
vectors of the main group elements, it is found that the element features can be used to distinguish the element
categories. The Principal Component Analysis of the atomic eigenvector of the main group element shows that
the projection of the atomic eigenvector on the first principal component reflects the outermost electron number
corresponding to the element. It illustrates the effectiveness of atomic eigenvector extracted by using the
transformer model. Subsequently, the atomic feature representation method is used to represent the material
characteristics. Three ML methods named Random Forest (RF), Kernel Ridge Regression (KRR) and Support
Vector Regression (SVR) are used to predict the band gap of the two-dimensional transition metal chalcogenide
compound MXY (M represents transition metal, X and Y refer to the different chalcogenide elements) with
Janus structure. The hyperparameters of ML model are determined by searching for parameters. To obtain
stable results, the ML model is tested by 5-fold cross-validation. The results obtained from the three ML models
show that the average absolute error of the prediction using atomic feature vectors based on deep learning is
smaller than that obtained from the traditional Magpie method and the Atom2Vec method. For the atomic
eigenvector method proposed in this paper, the prediction accuracy of the KRR model is better than that of the
results obtained from the Magpie method and Atom2Vec method. It shows that the atomic feature vector
proposed in this paper has a certain correlation between the features, and is a low-dimensional and densely
distributed feature vector. Visual analysis and numerical experiments of material property prediction show that
the atomic feature representation method based on deep learning extraction proposed in this paper can

effectively characterize the material features and can be applied to the tasks of material band gap prediction.
Keywords: atomic feature representation, deep learning, transition metal sulfide, band gap
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