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Tab.1 Simulation and prediction results of five models for test data

CPR DGM(1,1) NDGM(1,1,k) FGM(2,1) FDGM(2,1)
75 SEPRE - - - - -
WE R/ WNE RE/ % BUNME RE/% O BIME RE/X% WE RE/ %

1 30. 71 30. 55 0.51 30. 71 0. 00 30. 71 0. 00 30. 71 0. 00 30. 71 0. 00
2 32. 92 33.06 0. 44 29. 36 10. 83 31.72 3.65 33.73 2.47 32. 92 0. 00
3 36.72 36. 88 0. 45 35. 09 4.43 36. 71 0.03 36. 88 0.43 36. 74 0. 04
4 42. 26 42. 30 0.09 41. 95 0.73 42. 84 1.38 42. 62 0. 86 42.28 0. 04
5 49. 68 49. 59 0.19 50. 15 0.95 50. 38 1.41 50. 24 1.13 49.70 0. 04
6 59. 20 59. 04 0. 28 59. 96 1.28 59. 64 0.75 59. 77 0.96 59. 20 0.01
7 71. 05 70. 93 0.17 71. 67 0. 88 71. 02 0. 04 71. 45 0.56 71. 04 0.01
8 85.53 85. 54 0.01 85. 68 0.18 85. 00 0. 62 85. 64 0.13 85.51 0.02
9 103. 00 103. 17 0.16 102. 43 0.55 102. 18 0. 80 102. 83 0.17 102. 98 0.01
10 123. 89 124. 08 0.15 122. 45 1. 16 123. 29 0.49 123. 59 0.25 123. 89 0. 00
11 148.75 148.57 0.12 146. 38 1.59 149. 22 0.32 148. 62 0.08 148. 75 0. 00

TS AR XTI 25/ Y 0.19 2.05 0. 86 0. 64 0.02
12 178. 23 176. 92 0. 74 175. 00 1.81 181.09 1. 60 178. 80 0. 32 178.18 0.03
13 213. 14 209. 41 1.75 209. 20 1. 85 220. 24 3.33 215. 17 0.95 212. 89 0.12
14 254. 45 246. 32 3.20 250. 09 1.71 268. 35 5.46 258. 96 1.77 253. 74 0.28
15 303. 36 287. 94 5.08 298. 97 1.45 327. 46 7.94 311. 69 2.75 301. 73 0.54

SRR X I AR 22/ %6 2. 69 1.71 4. 59 1. 45 0. 24
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TS k=1,2,,12, A 1S BIUE H
X" =(322.51,336.16,355. 96,408. 31,459. 50,514. 41,572. 15,633. 31,698. 23,767. 37,841. 15,920. 04)";
A k=13,14,15,16, AJ A HMAE H : X\ = (1 004. 52,1 095. 08,1 192. 26,1 296.62)",
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Tab. 2 Simulation and prediction results of Chongqing’s natural gas consumption by five models

CPR DGM(1,1) NDGM(1,1,k) FGM(2,1) FDGM(2,1)

Ay SRR E
W R/ WA O R2E/% BNME O R2E/% WM RE/% WM RE/%

2001 322.51 304. 94 5. 45 322.51 0. 00 322.51 0. 00 322.51 0. 00 322.51 0. 00
2002 331. 87 338. 96 2.14 339. 66 2. 35 325. 89 1. 80 341.78 2. 99 336.16 1. 29
2003 349. 11 376.19 7.76 375.70 7.62 367. 66 5.31 370. 33 6.08 355. 96 1.96
2004 403. 52 417. 04 3.35 415. 56 2.98 412. 59 2.25 412. 59 2.25 408. 31 1.19
2005 472.15 461. 93 2.16 459. 66 2. 65 460. 93 2.38 460. 00 2.57 459. 50 2.68
2006 532. 67 511. 27 4,02 508. 43 4.55 512. 94 3.70 511. 21 4.03 514. 41 3.43
2007 578. 95 565. 47 2.33 562.37 2. 86 568. 89 1.74 566. 16 2.21 572.15 1.17
2008 648. 38 624. 95 3.61 622. 05 4.06 629. 08 2.98 625.19 3.58 633. 31 2.32
2009 657.91 690. 11 4. 89 688. 05 4.58 693. 84 5. 46 688. 80 4. 69 698. 23 6.13
2010 752. 49 761. 38 1.18 761. 05 1.14 763. 50 1. 46 757. 55 0.67 767. 37 1.98
2011 821. 82 839. 16 2.11 841. 81 2.43 838. 45 2.02 832.08 1. 25 841. 15 2.35
2012 943. 86 923. 87 2.12 931.13 1. 35 919. 08 2.63 913.09 3.26 920. 04 2.52

S HT A XA LR 2/ 6 2.97 3.05 2. 64 2. 80 2.25
2013 959. 97 1015.92  5.83  1029.92  7.29  1005.83  4.78  1001.32  4.31  1004.52  4.64

2014 1092.25 1115.72 2.15 1139.20 4. 30 1099.15 0.63 1 097.56 0.49 1 095. 08 0. 26
2015 1175.32 1 223.69 4.12 1 260. 08 7.21 1199.55 2. 06 1202.71 2.33 1192. 26 1. 44
2016 1187.96 1340.24 12.82 1393.78 17.33 1307.56 10.07 1317.68 10.92 1 296.62 9.15

S X5 R X ) 5% 22 6.23 9.03 4.38 1.51 3. 87
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A Discrete GM(2,1) Model with Fractional-Order Accumulation and Its Application

ZENG Liang', LUO Shiguang’
(1. School of Basic Courses, Guangdong Polytechnic College, Zhaoqing Guangdong 526100 ;

2. School of Financial Mathematics and Statistics, Guangdong University of Fiance, Guangzhou 510521, China)
Abstract: [ Purposes]The traditional second-order single-variable grey prediction model (GM(2,1)) is studied to solve the problem
that the prediction accuracy for some sequences is not high. [ Methods]A discrete GM(2,1) model with fractional-order accumulation
termed as FDGM(2,1) is proposed on the basis of GM(2,1) by combining the modeling principle of discrete grey model and the idea
of fractional-order accumulation. [ Findings | The time-response and reduction formulas of FDGM(2,1) for prediction are given. To
achieve the optimal prediction performance, an optimization model with the objective of minimizing the average relative simulation
error is established, and a method to determine the optimal order of the model is given. Finally, a numerical simulation experiment
and an application case are used to verify the new model. [ Conclusions ] The results show that the new model exhibits the higher
simulation and prediction accuracy than the other common models, and it is effective and practical.

Keywords: grey system; GM(2,1); fractional-order accumulation; discrete grey model
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Fig.2 Response surface and contour diagram of the effect of interaction of various factors on polysaccharide yield



