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An optimized grey Euler model and its applications

WANG An'?, DANG Yao-guo'!, WANG Jun-jie*

(1. College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 211106,
China; 2. School of Mathematics and Statistics, Pingdingshan University, Pingdingshan 467002, China)

Abstract: Aiming at solving the predicting problems for the power function series, the grey Euler model (GEM (1,1))
with grey action optimization is proposed by introducing the nonhomogeneous Euler equation. The modeling mechanism,
parameter estimation and the time response function are studied. The initial point of GEM (1,1) is optimized with the
minimum of the square sum of the error as the target. And further studies on three basic forms and three optimized
forms of the GEM (1,1) model are also discussed. Researches show that the OSGEM (1,1) model can fit the series of
power function characteristics well, which expands the system of gray prediction theory and the application scope of gray
prediction theory. Finally, in the case studies, the natural gas consumption of China and the fitting of the power function
series data are adopted to test the effectiveness of this model, and the good results obtained show the effectiveness and
practicality of the proposed optimization model.

Keywords: GM (1,1) model; GEM (1,1) model; OSGEM (1,1) model; least square method
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KRB AR S N, A R AR AR — IR ) ) R R T
2 15 EE H1 2002 4E 2.3 % H18.2 % 43 Wil 1 K $1) 2021 4F
8.9 % H116.6 %, 1 [ f) G Y5 VY 9 45 44 rh i v e Ui o5
bl PR 38, R 0k, [ () B YRV 2 45 44 IEAE )3 ¥
RE IR AR A B 000 5 1B RE IR VY 2 B DL R Re YR 45
AR Ak, X 3R B BURT 1) 8 RE RIS . R L 25 4
B SR . HL 2002 ~ 2018 4F o [F RE IR T 2 M
EHWE, FIFH OSGM (1,1) %L, OSDGM (1,1) #5 AL Al
OSGEM (1,1) R4 a2 45 73 #fr, FH 2019 ~ 2021 4F v 5 g
T B je 5 EE SO A Y PR L

1 P/ 2 Bt 7k, OSGEM (1,1) 15 7Y (1) 45 2 A1 T )
55 Sz bR BUHE f B2, i vE R B i rp [ BE R Y P B
SoE % B 3K 1 BUE H, OSGEM (1,1) 15 7Y
ASE UL AR AN TR0 B P ~F- 35 AH G 1% 22 43 50l 04 0.011 4 F1
0.020 8, OSGM (1, 1) 15 54 45451 AE 1 F30 0 4L 1) ~F- 353 A
ST A% 7 73 59 4 0.054 3 F1.0.091 4, OSDGM (1,1) #5: Y

AL FOLAEL A0 000 AEL ) > 257 4 6 5% 22 43 531 4 0.050 4 Al
0.090 8, 528, OSGEM (1, 1) A5 7Y (RS FULE A1 T30 4 45
F5E B AR T A AR AR
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B3 FIIERREILL (1)

B2 N7 59F OSGEM (1,1) B () 7 o6 3 &
GURRE, BB R R f(t) = MPAE NI EN %, 24
SR p B A, ¢ DU [RME B, o DA B B
TR ARBRER 0 HEE. 2N = 2,0 = 0.8,
AAEREL () = 208, kEt = 1,2,...,19,15
BT BBAE P AR 2 s, 8 T EEELOSGM (1,1)
B, OSDGM (1,1) £ 84 F1 OSGEM (1,1) 15 2 g A
ULRT T I 1 fie, ) 05 30 e 41 R 14 A
53 3K OSGM (1,1) # AL, OSDGM (1,1) 1% & Fl
OSGEM (1,1) #5784 AR 4 J5 5 AN Fo s 56 ik 3 AN 2 1)
TR 44 §E. OSGM (1,1) B L. OSDGM (1,1) £& 5 il
OSGEM (1,1) 1554 {475 JL AN T 40 %of bl 25 R e 2
Fi7.

P 4 TR, o B A TR BR AR G R AR I TR )
HEAT 05 AT TR I, OSGEM (1,1) 15 74 1) &5 B 55 52 by
B A A Kk, OSGEM (1,1) 155 784 B v fify iz ik
T R B R GRS R A AR A B N3k 2 R,
OSGM (1,1) # %, OSDGM (1,1) # B4 F1 OSGEM (1,1)
R R AU 1) TR~ 35 4% 22 #LE 0.1 LA AH XS T
3R B TN AE, OSGM (1,1) £ 74 11 OSDGM (1,1)
SR PR POl 1% 22 38 5 K, T OSGEM (1,1) A58 [ Fi



hJ -~ Vg N
2066 ¥ % 5 & K %39%
#1 3IMERNFERRRERSENTUNENERE
REE R k / OSGM (1,1) Fi 7Y OSDGM (1,1) #74 OSGEM (1,1) 74
r bR AL
RO e HXHR 2 TR AHXFR 2 FRIE XS RZE
2002 169577 169577 0 169577 0 169577 0
2003 197083 247293 0.2548 234504 0.1899 197628 0.0028
2004 230281 259118 0.1252 259311 0.126 1 228074 0.009 6
2005 261369 271508 0.0388 271690 0.0395 259589 0.006 8
2006 286467 284491 0.0069 284659 0.006 3 285862 0.002 1
2007 311442 298095 0.0429 298248 0.0424 308707 0.008 8
2008 320611 312348 0.0258 312486 0.0253 329099 0.0265
2009 336126 327284 0.0263 327403 0.0260 347626 0.0342
2010 360 648 342934 0.049 1 343032 0.048 8 364681 0.0112
2011 387043 359332 0.0716 359407 0.0714 380534 0.0168
2012 402138 376514 0.0637 376564 0.0636 395385 0.0168
2013 416913 394518 0.0537 394 540 0.0537 409386 0.0181
2014 428334 413382 0.0349 413374 0.0349 422652 0.0133
2015 434113 433149 0.0022 433107 0.0023 435277 0.0027
2016 441492 453861 0.0280 453782 0.0278 447337 0.0132
2017 455827 475563 0.0433 475445 0.0430 458893 0.006 7
2018 471925 498303 0.0559 498 141 0.0556 469997 0.004 1
FEAMEL P S5 AR R R 22 0.0543 0.0504 0.0114
2019 487488 522131 0.0711 521920 0.0706 480692 0.0139
2020 493314 547097 0.1090 546835 0.108 5 491016 0.004 7
2021 524000 573258 0.0940 572939 0.093 4 501 000 0.0439
TRINME T3 AR T 15 22 0.0914 0.0908 0.0208
Fz2 3IMRENERBARGFHEREE, FUNMEFBTIRE
o B R B OSGM (1,1) #E% OSDGM (1,1) 17 OSGEM (1,1) 7
5 .
¥ | N N N N N N
U LB A1 WE RRHRZE BN AMRE O FOME MxEs
1 2.0000 2.0000 0.0000 2.0000 0 2.0000 0
2 3.4822 53459 0.5352 45173 0.2973 3.7556 0.0785
3 48164 5.9045 0.2259 5.9150 0.228 1 46331 0.0381
4 6.0629 6.5215 0.0756 6.5320 0.0774 5.9682 0.0156
5 72478 7.2030 0.006 2 72133 0.004 8 7.2094 0.0053
6 8.3859 7.9556 0.0513 7.9657 0.0501 8.3826 0.0004
7 9.4866 8.7870 0.0737 8.796 6 0.0727 9.5034 0.0018
8 10.556 1 9.705 1 0.0806 9.7142 0.0798 10.5817 0.0024
9 11.599 1 10.7193 0.0759 10.7274 0.0752 11.6246 0.0022
10 12,6191 11.8394 0.0618 11.8464 0.0612 12.6372 0.0014
11 13.6190 13.076 5 0.0398 13.0820 0.0394 13.6236 0.0003
12 14.6007 14.4429 0.0108 14.446 6 0.0106 14.5867 0.0010
13 15.5663 15.9522 0.0248 15.9535 0.0249 155291 0.0024
14 16.5170 17.6191 0.066 7 17.6175 0.066 6 16.4529 0.0039
M P SRR R 22 0.0949 0.0777 0.0109
15 17.4543 19.4602 0.0054 19.4552 0.1146 17.3598 0.1149
16 18.3792 21.4936 0.0070 21.4845 0.1690 18.2511 0.1695
17 19.2925 23.7396 0.0085 23.7255 0.2298 19.1283 0.2305
18 20.1952 26.2202 0.0100 26.2002 0.2973 19.9923 0.2983
19 21.0879 28.960 1 0.0116 28.933 1 0.3720 20.8440 03733
TRINME I AR T 1% 22 0.2373 0.2365 0.0085
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