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A comparative study of full-order time-power
gray prediction-based optimization models
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Abstract: As a modified model of the traditional GM(1,1) model, the full-order time—power gray model (FOTP-GM(1,1))
has many variants according to the difference of power terms and powers, aiming to improve the adaptability and prediction accuracy
of the approximate non—simultaneous exponential series. The background value of the GM model affects the development coefficient
and the amount of gray action of the gray model, the paper explores the relationship between the background value coefficients and
the time response function of the FOTP-GM model, and uses the particle swarm algorithm to find the background value coefficients
that achieve the minimum MAPE in the dynamic interval to realize the optimal prediction effect. The experimental results show that
the accuracy of the FOTP-GM( 1,1) model after optimizing the background value taking has been significantly improved compared
with other models, and the improvement rate reaches 97.65%.
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Tab. 1 Parameter estimation table for the fourth—order FOTP-GM(1,1) model
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AR a,( - 0.587 8, - 0.000 01,0.000 2, — 0.000 8,1.158 3) 0.486 0

HF R a,( - 0.641 6,0.000 4, — 0.005 2, - 0.910 5,3.513 8) 0.483 6
A R TN ay( - 0.739 1,1.474 x 1075, - 0.177 6, - 0.350 7,3.792 6) 0.480 1
TN RE L | H A a,( - 0.3153,0.019 52, - 0.444 7,3.359 8,0.220 7) 0.476 3
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Tab. 2 Calculation results of chi—square exponential number series

&5 GM(1,1)

FOTP-GM(1,1) P EHE M FOTP-GM(1,1)

R SBREE
BB AR BRRUE AIERE A HAXF IR
K =1 1.620 1.620 0 0 2.166 1 0.252 1 1.674 0 0.033 6
K =2 2.916 2.809 5 0.036 5 3.229 4 0.097 0 2.914 8 0.000 4
K=3 5.249 4.975 1 0.052 1 5.720 3 0.082 4 5.246 5 0.000 4
K =4 9.448 8.099 0 0.067 5 10.1296  0.067 3 9.444 2 0.000 4
K=5 17.006 15.601 0.082 6 17.9375  0.051 9 17.000 7 0.000 3
K=6 30.611 27.6250  0.097 5 31.764 4 0.036 3 30.603 1 0.000 2
K=17 55.100 499190 0.1122 56.2497  0.020 4 55.088 9 0.000 2
K =238 99.180 86.626 0  0.126 5 99.609 0 0.004 3 99.165 8 0.000 1
K=9 178.523 153.400 0 0.140 7 176.3902  0.012 1 178.509 2 0.000 0
K =10 321.342 271.630 0 0.154 7 312.356 5 0.028 8 321.3359 0.000 0O
T AXbER2E BUNEE AXbRE ity RS IR 2
K =11 578.420 481.01 0.168 4 553.1323  0.0457 578.440 2 0.000 0
K =12 1 041.100 851.76 0.181 9 979.5157  0.062 9 1 041.257 4 0.000 1
K =13 1 874.100 1508.30  0.1952 1 734.5957 0.080 4 1 874.382 0.000 1
= 14 3 373.300 2 670.90  0.208 2 3071.776 8 0.098 2 3374.103 4 0.000 2
K =15 6 072.000 4729.60 0.221 1 5439.8275 0.116 2 6 073.777 8 0.000 2
MAPE/ % 12.30 MAPE/ % 7.04 MAPE/ % 0.20




204 /ORI B NS5 NMOA 13 &

R3I HEHMBIEFREEHFIHESER

Tab. 3 Calculation results of non—simultaneous exponential number series with constant terms

1448 GM(1,1) FOTP-GM(1,1) W EHE M FOTP-GM(1,1)

= SR B

BB AxR2E BIEdE  AExTR2E EDRET AR R 2
K=1 3.780 3.780 0 0 3.9991  0.058 0 3.061 7 0.190 0
K=2 5.832 24882  0.573 4 6.4677  0.109 0 5.813 8 0.003 1
K=3 9.731 4.6038  0.5269 10.7478  0.104 5 9.737 7 0.000 7
K=4 17.139 8.5180  0.5030 18.7033  0.091 3 17.179 6 0.002 4
K=5 31.213 157600 0.495 1 33.4990  0.073 2 31.302 5 0.002 8
K=6 57.955 29.160 0 0.496 8 61.0214  0.0529 58.108 9 0.002 7
K=7 108.765 53.9520  0.503 4 1122202 0.0317 108.993 5 0.002 1
K=38 205.303 99.8230  0.513 7 207.4624  0.010 5 205.582 6 0.001 3
K=9 388.725 184.700 0 0.524 9 384.6323  0.0105 388.923 5 0.000 5
K =10 737.228 341.730 0 0.536 5 714.198 3 0.0312 736.926 1 0.000 4

WEEE  AEXTRZE O BUUEGE xR it Ei AR R
K =11 1399.4 632.27  0.5482  1327.2367 0.0515 1 397.465 3 0.001 4
K =12 2657.5 1169.80 0.5598  2467.5611 0.0713 2651.212 7 0.002 4
K =13 5047.9 216450 0.5712  4588.6838 0.0910 5030.892 3 0.003 7
K = 14 9 589.6 400470 0.5823 85341758 0.110 1 9 547.631 7 0.004 4
K=15 18 218.0 7 409.70  0.593 3 15 873.148  0.128 8 18 120.584 0 0.005 4

MAPE/%  50.19 MAPE/%  6.84 MAPE/% 1.48

R4 FHEERMEHDHETIEEBFITESER

Tab. 4 Calculation results of non—simultaneous exponential number series with velocity term and constant term

5 GM(1,1) FOTP-GM(1,1) HRfEdkik FOTP-GM(1,1)
5 FBREE
BOUEE  AxR2E BOUEE A iRZE B AR R 2
K=1 5.060 5.060 0 0 6.2922  0.243 5 4.3389 0.142 5
K=2 9.256 23125 07502 10.7299  0.159 2 9.048 1 0.022 5
K=3 17.518 46795 07329 20.3027  0.158 9 17.408 5 0.006 3
K=4 34.317 9.4693  0.724 1 39.2504  0.143 7 34.389 8 0.002 1
K=5 69.046 19.1620  0.722'5 77.2607  0.118 9 69.429 8 0.005 6
K=6 141.43 38.7740  0.7258 154.0315  0.089 1 142.260 9 0.005 9
K=7 292.87 78.4620  0.7321 309.6157 0.057 1 294.259 2 0.004 7
K=38 610.37 158.770 0 0.739 9 625.4539  0.024 7 612.024 0 0.002 7
K=9 1276.5 321.2800 0.7483  1267.1000 0.007 4 1 276.900 0 0.002 8
K=10 2675.000  650.1300 0.7569  2571.400 0 0.038 7 2 668.700 0 0.002 3
WO ARXRZE BUNEEE AR fiblEAei HIXFiR2E
K =11 5611.1 13156  0.7655 52229  0.069 1 5582.6 0.005 1
K=12 117770 26621  0.773 9 10 616.3  0.098 5 11 683.8 0.007 9
K =13 247230 53869  0.7821 215744  0.1273 24 459.6 0.010 7
K = 14 519110 10901.0  0.790 0 43 860.8  0.155 1 512119 0.013 5
K =15 1090040 220580 0.797 6 89176.0  0.1819 107 231.6 0.016 3

MAPE/ % 70.28 MAPE/ % 11.16 MAPE/ % 1.65
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Tab. 5 Calculation results of non—simultaneous exponential series with acceleration, velocity, and constant terms

1545 GM(1,1) FOTP-GM(1,1) Bk FOTP-GM(1,1)
5 S BRER

BOUROE  MIXHR2E  BOEOE  RIHR2E G EETE AR 2
K=1 4.700 4.700 0 6.9410  0.476 8 4.8216 0.025 9
K=2 8.000 10.205  0.2756 73801  0.0775 6.771 3 0.153 6
K=3 12.350 13.856  0.1219 12.1141  0.019 1 11.447 5 0.073 0
K=4 17.975 18.813  0.046 6 17.8077  0.009 3 17.152'5 0.045 8
K=5 25.212 25542 0.013 1 249339  0.0110 24.405 4 0.032 0
K=6 34.569 34.680  0.003 2 341312 0.0127 33.917 8 0.018 8
K=17 45.803 47.087  0.006 1 46.2622  0.0100 46.665 1 0.018 2
K=238 63.055 63.931  0.0139 62.4914  0.008 9 63.984 3 0.014 7
K=9 85.032 86.802  0.020 8 84.3914  0.007 5 87.708 0 0.031 4
K=10 115.298 117.850  0.022 2 114.0860  0.010 5 120.3480 0.043 8

TMEEE xR 2 TG X R 2 iR E AR 2
K =11 157.7 160.02  0.014 7 154.443  0.020 7 165.349 0.048 5
K=12 218 217.26  0.003 3 209.335  0.039 7 227.429 0.043 2
K=13 304.84 294.98  0.0323 283.992  0.068 3 313.059 0.027 0
K =14 431.22 400.51  0.0712 385.476  0.106 1 431.106 0.000 3
K=15 616.57 543.79  0.1180 523.324  0.1512 593.727 0.037 0

MAPE(%)  5.09 MAPE(%)  6.86 MAPE( %) 4.09

M ERFE 2~5 AT AT AR 3, 20t R AE L1k
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with acceleration, velocity and constant terrms
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Fig. 8 Simulation of relative error curves with velocity term and

constant term
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Tab. 6 Model and data type adaptation table
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