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Fig. 1 The research content of the paper and its logical structure
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Table 1 Several types of representative strengthening/weakening buffer operators and their basic forms
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2~ RS W RIFIIR R BRI, N
B3 ~ &S Fron. I 4w, X, B BEZE ) SRR
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Table 2 Intelligent buffer sequence X, D of monotonically growing sequence X,

TEASHL y Z2u¥ 5] X, D SR O
y=-1.0 12.214, 13.114, 14.104, 15.216, 16.270, 17.104, 18.091, 19.340, 20.200, 21.000 ¥ =0.537
vy =-0.8 8.505, 9.763, 10.962, 13.028, 15.045, 15.934, 16.934, 18.848, 19.954, 21.000 ¢ =0.342
vy =-0.6 5.923,7.269, 8.520, 11.154, 13.912, 14.843, 15.851, 18.368, 19.711, 21.000 ¢ =0.206
vy =-0.4 4.124,5.412, 6.622, 9.550, 12.865, 13.828, 14.837, 17.900, 19.471, 21.000 9 =0.112
y=-0.2 2.872,4.029, 5.147, 8.176, 11.896, 12.880, 13.888, 17.444, 19.234, 21.000 g = 0.046
y =0.0 2.000, 3.000, 4.000, 7.000, 11.000, 12.000, 13.000, 17.000, 19.000, 21.000 ¥ = 0.000
y =0.2 1.393,2.234, 3.109, 5.993, 10.172, 11.179, 12.169, 16.567, 18.769, 21.000 ¢ =0.032
y =0.4 0.970, 1.663, 2.416, 5.131, 9.406, 10.414, 11.390, 16.145, 18.540, 21.000 ¢ = 0.054
vy =0.6 0.675, 1.238, 1.878, 4.393, 8.697, 9.701, 10.662, 15.734, 18.314, 21.000 g =0.070
y=0.8 0.470, 0.922, 1.460, 3.761, 8.043,9.037, 9.980, 15.333, 18.092, 21.000 ¥ =0.081
y =10 0.327, 0.686, 1.134,3.22,7.437, 8.419, 9.342, 14.943, 17.871, 21.000 ¢ =0.088
R3 BEARBFT X, HEREFFIX,D
Table 3 Intelligent buffer sequence X, D of monotone attenuated sequence X,
AR Ry ZupfyPs X, D SR O
y=-1.0 9.605, 8.618, 7.612, 6.581, 5.744, 4.786, 3.643,2.83,2.4, 2 ¢ = 0.600
y=-0.8 11.231, 10.094, 8.939, 7.541, 6.656, 5.653, 4.151, 3.033, 2.51, 2 g =0.514
y=-0.6 13.133, 11.823, 10.497, 8.641, 7.712, 6.676, 4.73,3.25, 2.624, 2 9 =0.414
y=-0.4 15.358, 13.849, 12.327, 9.901, 8.937, 7.885, 5.39, 3.483, 2.744, 2 g =0.297
y =-0.2 17.959, 16.221, 14.476, 11.345, 10.356, 9.313, 6.143, 3.732, 2.869, 2 ¢ = 0.160
vy =0.0 21.000, 19.000, 17.000, 13.000, 12.000, 11.000, 7.000, 4.000, 3.000, 2.000 ¢ = 0.000
vy =0.2 24.557, 22.255, 19.964, 14.896, 13.905, 12.992, 7.977, 4.287, 3.137, 2 9 =0.187
vy =0.4 28.715, 26.068, 23.444, 17.069, 16.113, 15.345,9.09, 4.594, 3.28, 2 g = 0.406
vy =0.6 33.579, 30.533, 27.531, 19.558, 18.671, 18.123, 10.359, 4.923, 3.43, 2 ¢ = 0.662
vy =0.8 39.265, 35.764, 32.331, 22.411, 21.635, 21.405, 11.804, 5.276, 3.586, 2 ¥ =0.961
vy =10 45.915, 41.891, 37.968, 25.679, 25.07, 25.282, 13.452, 5.654, 3.75, 2 ¢ = 1.311
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R4 HREBFI(HHEEEHRS) X HEREHFS XD

Table 4 Intelligent buffering sequence X5 D of growing trend sequence (with local oscillations) X

IRy ZhES) XD BRI O
y=-1.0 12.207, 13.106, 14.095, 15.206, 16.258, 16.955, 18.091, 19.340,20.200, 21.000 9 = 0.537
vy=-0.8 8.502, 9.759, 10.956, 13.021, 15.300, 15.550, 16.934, 18.848, 19.954, 21.000 ¥ =0.342
y=-0.6 5.921, 7.267, 8.517, 11.149, 14.398, 14.261, 15.851, 18.368, 19.711, 21.000 9 = 0.206
vy =-0.4 4.124, 5.411, 6.620, 9.547, 13.550, 13.078, 14.837, 17.900, 19.471, 21.000 ¥ =0.112
y=-0.2 2.872,4.029, 5.146, 8.175, 12.751, 11.994, 13.888, 17.444, 19.234, 21.000 Jd = 0.046
vy =0.0 2.000, 3.000, 4.000, 7.000, 12.000, 11.000, 13.000, 17.000, 19.000, 21.000 9 = 0.000
y =0.2 1.393, 2.234,3.109, 5.994, 11.293, 10.088, 12.169, 16.567, 18.769, 21.000 9 = 0.032
vy =0.4 0.970, 1.663, 2.417, 5.133, 10.627, 9.252, 11.390, 16. 145, 18.540, 21.000 9 =0.054
vy =0.6 0.676, 1.239, 1.879, 4.395, 10.001, 8.485, 10.662, 15.734, 18.314, 21.000 9 =0.070
vy =0.8 0.470, 0.922, 1.460, 3.763, 9.412, 7.781, 9.980, 15.333, 18.092, 21.000 9 = 0.081
vy =10 0.328, 0.687, 1.135, 3.222, 8.857, 7.136, 9.342, 14.943, 17.871, 21.000 9 = 0.088
®5 HEVIRER X, HSEEERFES X, D
Table 5 Intelligent buffer sequence X, D of random oscillation sequence X,
ARy ey X, D GEUhEREE (9)
y=-1.0 11.047, 10.610, 10.620, 11.329, 12.442, 11.593, 11.495, 11.681, 13.800, 21.000 9 =0.453
y =-0.8 12.042, 10.687, 8.736, 8.009, 13.541, 11.862, 11.595, 10.544, 10.170, 21.000 9 =0.316
y=-0.6 13.126, 10.764, 7.186, 5.661, 14.738, 12.137, 11.695, 9.518, 7.495, 21.000 9 =0.193
y=-0.4 14.308, 10.842, 5.911, 4.002, 16.040, 12.418, 11.796, 8.591, 5.524, 21.000 9 =0.105
y=-0.2 15.596, 10.921, 4.863, 2.829, 17.457, 12.706, 11.897, 7.755, 4.071, 21.000 9 =0.044
y =0.0 17.000, 11.000, 4.000, 2.000, 19.000, 13.000, 12.000, 7.000, 3.000, 21.000 ¥ = 0.000
y=0.2 18.530, 11.080, 3.290, 1.414, 20.679, 13.301, 12.104, 6.319, 2.211, 21.000 9 =0.031
vy =0.4 20.199, 11.160, 2.707, 0.999, 22.506, 13.609, 12.208, 5.704, 1.629, 21.000 9 =0.132
vy =0.6 22.017, 11.241, 2.226, 0.707, 24.495, 13.925, 12.313, 5.148, 1.201, 21.000 9 =0.252
vy =0.8 23.999, 11.322, 1.831, 0.499, 26.659, 14.247, 12.420, 4.647, 0.885, 21.000 ¥ =0.377
y =10 26.160, 11.404, 1.507, 0.353, 29.014, 14.577, 12.527, 4.195, 0.652, 21.000 9 = 0.508

3 FEX X, BERENFT

Fig. 3 The intelligent buffering sequences of sequences X, -X,
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Fig. 4 The intelligent buffering sequences of sequences X;-X,

B S EeeZmhETXREIIRERF T X, fRIEHES A KB

Fig. 5 The compression and amplification effects on the amplitude of random oscillatory sequence X, by IBO

6 FEFIX,D-X,D Hy-9 X F

Fig. 6 The -9 relationship of sequences X, D-X, D
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Fig. 7 The -9 relationship of sequences X;D-X,D
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P& RELIR 2 175 I s R

5 BIaHh: FEXAZBERN

FREHIA 1.8 J7 km I /5 42 A 22 PN i 11
A1 JF A 3 v BT b XURE BT R R Al A 2
10 {2 kW (10°-kW) , KA 9208+ 4y £ 5, X AT
K AA A B I 4R it T 8 I - 4F
TR XUR 7l & Jrg i, 2020 AF XU 2 ML 1
BT 2.8 x 10°-kW, i i 59 07 & B &
4 664.7 {ZkW -h(10°-kW +h) , /5 4 [ 4 & 5
BLIY 12.79%. H fif, W7 % i 2 sk 38 1 4k 4
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IR E 2B AT Re g ke oA BRI E L R E
2010 4£—2020 4K\ ) & HL s U 6 7.

*6 FZE2010 £—2020 ERAEEE(10°-kW -h)
Table 6 Wind power generation in China from 2010 to 2020 ( billion kilowatt hours)

Aty 2010 2011 2012 2013 2014

2015 2016 2017 2018 2019 2020

KHLE | 446.2 703.3 959.8 1412.0 | 1599.8

1857.7 | 2370.7 | 2972.3 | 3659.7 | 4060.3 | 4 664.7

HIERIE: EZSH R E M (http://www. stats. gov. cn/tjsj/)
MR 6, AT RNFR [ KT e vt B A i 3, 2K
5551 S R R B KRR, (B A ) ELAE A
BN T A Bl ) 5OAS S8 6 3 /Nl
ey Nib I g S R R U g/ R R R i
TWGM (1, 1) kX 3 [ Xy A R B A7 el A A 73
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MR 6 BdiE & TWGM (1, 1) At &, n]
fliiF BB p = (a,b,0)"
p = (a,b,e)" = (-0.19,54.63,533.12)"
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Mk =239 8 ARYEX () AR IR EXT
KL 2010 AF—2018 4F [ B 4DL{H S A5 40158 2%
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Table 7 Simulation and prediction values of wind power generation in China based on the TWGM(1,1) model
i H 255 BElIX it H 2 F% T X
FAy 2011 2012 2013 2014 2015 2016 2017 2018 FEy 2019 2020

5 (k) k=2 |k=3 |k=4 k=5 k=6 |kLk=T7 k=38 k=9 T (k) k=10 k=11
g X© 1 703.3 1 959.8 |1412.0(1599.8|1857.7(2370.7(2972.3| 3 659.7 K H i X© 4 060.3 4 664.7
REE X© | 766.5 | 983.6 |1245.0(1560.1(1939.6(2396.8(2947.7| 3 611.4 g x© 4411.1 5374.5
FHXTIR2E As 18.99% |2.48% [11.83%2.48% |4.41% |1.10% |0.83% | 1.32% | AHXERZE Ap 8.64% 15.22%
THRE A 4.18% THIRE A, 11.93%

B8 FEMN L BB FNEHES LR
Fig. 8 The simulation/prediction data and actual data of wind
power generation in China
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Table 8 Simulation and prediction data of buffer sequence XD based on the TWGM(1,1) model

Tt H 4455 A IX Tt H 2 % O X
Ay 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 2018 A5y 2019 2020
e (k) k=2 k=3 |k=4|k=5|k=6|k=7|k=8]| k=9 s (k) k=10 k=11
et XD |1389.5(1639.8(1992.9(2179.2(2417.9(2 800.1(3218.5| 3659.7 | ke X© | 4060.3 4 664.7
BHME X O D |1 426.6|1 645.6|1890.9|2 165.7(2 473.5|2 818.3|3 204.6| 3 637.2 | Fijiifg X© | 4 121.8 | 4664.7
AHXFIR2E Agp  [2.67% [0.35% |5.12% |0.62% |2.30% |0.65% [0.43% | 0.62% |HAIRZEAr | 1.52% 0.00%
TR Agy 1.60% PR Ay 0.76%

9 ZihEE S EL TR

Fig. 9 The buffered data and simulation/prediction data
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Table 9 Simulation and prediction data of the TWGM (1,1) model based on two buffer operators
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An intelligent buffer operator based on power exponent and its application
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Abstract; Buffer operators are important means of addressing the prediction trap problems caused by impact
disturbances in a system. The existing buffer operators have some defects, such as the wide variety of formu-
las, the incompatibility between strengthening and weakening operators, and the difficulty in “low granularity”
control of buffer intensity. To solve the problem, first the structures of various types of buffer operators are
comprehensively analyzed, and a new intelligent buffer operator with a power exponent is constructed based on
the principle of “new information priority”. Then, the relationship between the polarity of power exponent and
the type of buffer operators is deduced and proven, and the effect of the power exponent on buffer intensity is
studied. The results show that the new operator can realize the full compatibility between strengthening and
weakening buffer operators, as well as allow for the free adjustment of buffer intensity. The intelligence of the
new operator and the rationality of its buffering results are verified by analyzing the data from several typical
sequences with buffering characteristics, and the prediction trap problems caused by impact disturbances in a
system are addressed. The research is of great significance to the development and enrichment of buffer opera-
tor theory.

Key words: intelligent buffer operator; power exponent; buffer type; buffer intensity; system prediction trap



