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Fig. 1. Schematic diagram of the neural network structure: (a) Convolutional neural network, INPUT is the data entry, OUTPUT

is the learning result, and the padding way is SAME; (b) the general structure of a full-connected network, where regularization and

dropout are used to prevent overfitting, and DIM represents the dimension of the tensor.
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Fig. 2. Relationship between adsorption rate and temperat-
ure. Wherein the chain length N = 160, inset (a) is the con-
formation of polymer adsorbed on the surface at temperat-
ure T = 1.0, and inset (b) is the conformation of polymer
desorbed from surface at temperature T = 2.0.
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Fig. 3. The relationship between the recognition rate and the Epochs of training case, the number of neural network layers and the
number of training samples obtained from each temperature: (a) the plot of recognition rate versus Epochs. SPT (sample per tem-
perature) represents the number of samples extracted at each temperature for training the neural network. The sample is labeled by
status. Where n, = 1 indicates that the number of hidden layers is equal to 1, and the others are similar. All of n, = 1 to 3 uses a
sample of SPT = 192 for training, and the remaining samples are used for verification. The illustration depicts the relationship
between the recognition rate and the number of hidden layers, which is the final stable recognition result for each classifier; (b) the
plot of the recognition rate versus the number of training samples selected at each temperature. The sample is marked by status
and the number of hidden layers is equal to 3. The y-axis is the stable recognition rate of different number of training samples un-

der a sufficiently large Epoch. The validation set is SPT = 7680 and is not repeated with the training set.
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Fig. 4. A plot of the result based on the neural network. The z-axis is the temperature, State represents the probability that the
sample at each temperature is recognized as a certain state, The letter S represents the state labeling method, the letter T repres-
ents the temperature labeling method, AD represents the adsorption state, and DE represents the desorption state. The figure
shows the learning results of the two labeling methods. The recognition rate of the convolutional network is 98.3%, the AUC value
is 0.9989, the fully connected network is 97.6%, the AUC value is 0.9982, and the critical phase transition temperature is 1.5 of the

two labeling methods.
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Fig. 5. The schematic diagram of the adsorption rate of
polymer adsorbed on the stripe surface changes with tem-
perature and typical tri-state conformations: (a) the single-
strip adsorption state, where the temperature is 0.3; (b) the
multi-strip adsorption state, where the temperature is 0.9;
(c) the desorption state, where the temperature is 3.0.
Wherein the chain length N is 160, and the stripe width L
of the adsorption surface is 4. The stripe direction is per-
pendicular to the z axis and extends along the y axis, and
the selected space size is 25 x 120 x 20. For the adsorp-
tion surface, the dark part is the adsorption surface and the

white part is the non-force surface.

AT RS BUR T L1 = o FREF R AEA AT T
YR GH, G5R A 6 .

MIEL 6 TT LI ) 2 FR 0 285 i1 43 422 I 4% [R) A
BAR S &S THERENTUIR, H AUCHE
EHHE 1, X UL A 2% mT LR 4 T BEAE
SRBGRTA =R, HABTR M8 25 P51 38m o5
TR Y. PIFMREATRIC 7 B 2 A im A
A A ), e 22 SR W B ) B 2R SO B Y
FHAR A58 T = 0.55, I BR 25 1 /85 43 22 4% S0 ff
FIAAE o0 Ty = 1.1, 5 3CHK [30] 545 29I 5
AHASIRE Ty = 0.58 M1 Ty = 1.05FH—ZL.

SERL T BRI 2 R, AT R ARSI R 1Y
E TR EAR T A B, R RA TR
B RAET T geit, iEl 7 Fis.

1.2

fc acc = 93.85%
TE=0.55 T5'=1.05
VAN A"

conv acc = 94.78%
T$=055 T5=1.1

P>

K\ = S-SS -0- T-SS

0.8 -8~ S-MS -Oo- T-MS
o —&— S-DE —— T-DE
5 06} 1.0 /---—
o
«n 0.9} — FCNET
= i — CcoNVNET
04+t =
0811 Fc AuC=09918
CONV AUC=0.9930
0.2
0
0 3.0

K6 w28 GRi RO 45 R 18 B AR bR D TRBE, D4k
B State 2o BN REE T BREA B U O JEA- RS R
Elbrrh S R RABARIEE, T RRIRERICH, SSRR R
RUURIAS, MS FR Z RSN MZS, DE 2R B . Hoh
A TR 25 1 U % 94.78%, AUC {E 2 0.9930, £ 3% 4 M
2% 93.85%, AUC {H g 0.9918, RIS AR ic 1 14 I AR A2 IR
JE Ty =055, Tp = 1.1, B A5 10 B 09 a5 AR 28 R 2
T1 = 0.55, T = 1.05

Fig. 6. A plot of the result of the neural network training.
The z-axis is the temperature, the State indicates the pro-
bability that the sample at each temperature is recognized
as a certain state, S indicates the state labeling method, T
indicates the temperature labeling method, SS indicates the
single-striped adsorption state, MS indicates the multi-
striped adsorption state, and DE indicates desorbed state.
The figure shows the learning results of two kinds of la-
beling methods. The recognition rate of convolutional net-
work is 94.78%, where the AUC value is 0.9930. the fully
connected network is 93.85%, where the AUC value is
0.9918, and the critical phase transition temperature of
state labeling method is 0.55 and 1.1. The critical phase
transition temperature of the temperature labeling method
is 0.55 and 1.05.
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Fig. 7. The distribution of neural network learning results: (a) the distribution of learning outcomes on the homogeneous surface,

green indicates that the correct sample, and other samples that identify the error; (b) the distribution of learning results on the pat-

tern-stripe surface, blue indicates that the correct sample, and other samples that identify the error.
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Abstract

Traditional Monte Carlo simulation requires a large number of samples to be employed for calculating
various physical parameters, which needs much time and computer resources due to inefficient statistical cases
rather than mining data features for each example. Here, we introduce a technique for digging information
characteristics to study the phase transition of polymer generated by Monte Carlo method. Convolutional
neural network (CNN) and fully connected neural network (FCN) are performed to study the critical adsorption
phase transition of polymer adsorbed on the homogeneous cover and stripe surface. The data set (conformations
of the polymer) is generated by the Monte Carlo method, the annealing algorithm (including 48 temperatures
ranging from 7 = 8.0 to T = 0.05) and the Metropolis sampling method, which is marked by the state labeling
method and the temperature labeling method and used for training and testing of the CNN and the FCN. The
CNN and the FCN network can not only recognize the desorption state and adsorption state of the polymer on
the homogeneous surface (the critical phase transition temperature T = 1.5, which is close to the critical phase
transition temperature T = 1.625 of the infinite chain length of polymer adsorbed on the homogeneous surface
regardless of the size effect), but also recognize the desorption state, the single-stripe adsorption state and the
multi-stripe adsorption state of polymer on the stripe surface(the critical phase transition temperature T} =
0.55 and T, = 1.1, which are consistent respectively with 7} = 0.58 and T, = 1.05 of polymer adsorbed on the
stripe-patterned surface derived from existing research results). We obtain almost the same critical adsorption
temperature by two different labeling methods. Through the study of the relationship between the size of the
training set and the recognition rate of the neural network, it is found that the deep neural network can well
recognize the conformational state of polymer on homogeneous surface and stripe surface of a small set of
training samples (when the number of samples at each temperature is greater than 24, the recognition rate of
the polymer is larger than 95.5%). Therefore, the deep neural network provides a new calculation method for

polymer simulation research with the Monte Carlo method.
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