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Multivariable time-lag damping accumulated grey model and its
application

LUO Dang't, LI Liang-shuai®

(1. School of Mathematics and Statistics, North China University of Water Resources and Electric Power, Zhengzhou
450046, China; 2. School of Water Conservancy, North China University of Water Resources and Electric Power,
Zhengzhou 450046, China)

Abstract: Based on the time-lag effect in the realistic behavior system and the need to distinguish the old from the new
information and the uncontrollable prediction trend in the multivariable grey prediction system, by introducing an
improved damping accumulated generation operator and time-lag coefficient, a multivariable time-lag damping
accumulated grey model (TLDAGM(1, N)) and its extended form are proposed, which can theoretically achieve
compatibility with traditional multivariable grey prediction models. The parameter estimation method and solution
method of the model are discussed, the parameter optimization method and specific model steps of the model are given.
Finally, the model is applied to the prediction of the output value of high-tech enterprises in China and the grain yield in
Henan province and compared with the traditional multivariate grey prediction model. The results show that the
simulation accuracy and prediction accuracy of the proposed model are significantly better than those of the traditional
multivariable grey prediction model. The model is able to better identify the time-lag, validity, significance and trend
factors of the time-series contained in the data generated by different factors in the multivariable system at different
times. The results of the empirical analysis verify the rationality, applicability and validity of the proposed model.

Keywords: time-lag effect; grey prediction system; new and old information; damping accumulated generation

operator; grain yield prediction
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FEIR IR 1R
F1 SRRV FEREEXEE

Efy FEE R&D A 5 R&D % 3%
2005 3.39 17.32 362.50
2006 4.16 18.90 456.44
2007 4.93 24.82 545.32
2008 5.57 28.51 655.20
2009 5.96 32.00 774.05
2010 7.45 39.91 967.83
2011 8.75 42.67 1237.81
2012 10.23 52.56 1491.49
2013 11.60 55.92 1734.37
2014 12.74 57.25 1922.15

1 R 6 HHE 7 A B GROR, AR SCR
FIE A J7 3200 B8 7 Sl 13647 T == AL IS 3 AL, DA
2005 4 ~ 2012 AR AE NI 2R 4R, 2013 4F ~ 2014 4
HARAE NIIEER. Z o L TG AR I B S 5 %

ISp ¥ AR
1) TLDAGM (1, N) #i %!
.23y = (0.9602,0.9805,0.999 6),
A2,3) = (0.6748,0.005 5).
2) TLDAGM (1, N) R 3 EE :
C.2.3) = (0.9999,0.9336,0.999 8),
A2,3) = (0.4001,0.0011).
R IERERE B Y THREARR K 2 a, 45 R
RN
1) TLDAGM (1, N)Bi7:
a = [a,by,bs]" =[1.4781,-0.3561,2.1216]";
2) TLDAGM (1, N) R g X
a = [a, by, b3]" = [0.3695,—0.7212,1.6030]".
SR A A A B RSV TR0 45 SR L2 2.

®2 EFRARGLAEENSTNSER

DGM(1, N) TDDGM(1, N) TLDAGM (1, N) TLDAGM (1, N) " B
AR SR AR AE
HERME APE/% HERME APE/% TERME APE/% HERME APE/%

2005 3.39 3.39 / 3.39 / 3.39 / 3.39 /
2006 4.16 429 3.14 4.18 0.04 3.97 4.56 4.01 3.60
2007 4.93 2.95 40.68 4.50 9.49 5.08 3.04 4.93 0
2008 5.57 3.45 38.09 5.29 5.11 5.56 0.17 5.64 125
2009 5.96 3.93 34.12 5.84 2.03 5.94 0.33 6.28 5.36
2010 7.45 491 34.16 6.60 11.40 7.03 5.63 7.01 5.90
2011 8.75 5.48 37.40 8.29 5.21 8.96 2.40 8.82 0.80
2012 10.23 6.71 34.41 9.90 3.26 10.34 1.07 10.25 0.19

MAPE 31.71 5.28 2.45 2.44
2013 11.60 7.31 37.01 11.52 0.72 11.59 0.08 11.62 0.17
2014 12.74 7.65 39.97 12.71 0.25 12.34 3.13 12.73 0.07

MAPE 38.49 0.48 1.60 0.12

%27 LLE 1, DGM (1, N) A, TDDGM (1,
)RR AR AT AR R 2 53 731 M 31.71 % 5.28 %,
TLDAGM (1, N) #5284 Je A7 Jig 7% 20 1 A5 4007 35 AH
XF R 220 B N 2.45 %, 2.44 %, B PR RE I T S
fik [24] T 3 B9 TDDGM (1, N) A5 5 st 1 5 3 45
B 5, DGM (1, N) #5878 5% 22 55 K, AN -1 T,
TDDGM (1, N) #%, TLDAGM (1, N) #5784 7 Hp
T3S T kG FE 100, G H 2 TLDAGM (1, N)
R T 2R, FE 000 1 35 4 % 5% 24K 2 0.12 %, i
TUKE FE 5795 99.88 Y%, 7 AH 122458 1Y (18] A5 UL 0 T 44 i
TEUF, ENER . IR S o3 BT B IR T AR SC R AL I
TLDAGM (1, N) #5704 [ & 2
3.2 AR REETUN ST

T FE A 23R E AL R RO R MR = & 4

(1o 2 —. AR, R A MR AR P K R 2 O
TERI T REHA R 2 AR T BRI, Bk,
T B TS SRR 1A BT B, JE IR R
B RE A, DA R S8 R i A R G, AR R
AT R AR R T 2 2

SRR 8 () (X ) R R AR 2, 0F AN
{10 0K 251 A% B AR B 7 R 1) 5 ) R AN PR IR A
[F] [R), 47 1E — 58 I A 5 SN 254 O BF 78, AR S0k
B RO AR (T2 B)(X2) A AR (T2 BT
(X3) AU B) J1 (5T FL) (X 4)  FE 7K B (mm)
(X5)s 25—\ IE (12 70) (X6 ) 1B AT AH K
BRI 25, B[] 757 3710 0 2006 4F ~ 2020 4. H AR E 45 W3R 3,
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®3 MEERRTERESMERLE

o Xy Xo X3 Xy X5 Xe

2006 511230 4918.80 13995.53 8309.13 714.70 1869.89
2007 525292 4955.84 14308.50 8718.71 786.90 2156.70
2008 5405.80 4989.20 14403.71 9429.27 738.10 2575.81
2009 5506.87 5033.03 1423570 9817.84 753.80 2665.66
2010 5581.82 5080.96 14320.79 10195.89 841.70 3127.14
2011 573392 5150.44 14373.32 10515.79 73620 3349.25
2012 5898.38 5205.63 14386.89 10872.73 60520 3577.15
2013 6023.80 4969.11 14586.50 11149.96 576.60 3827.20
2014 6133.60 5101.15 14731.54 11476.81 72590 3988.22
2015 647022 5210.64 14879.73 11710.08 704.10 4015.56
2016 6498.01 524292 14902.72 985496 787.10 4063.64
2017 652425 5273.63 1473253 10038.32 827.80 4139.29
2018 664891 5288.69 14783.35 10204.46 755.00 4311.12
2019 669536 5328.95 14713.98 10356.97 87590 4635.70
2020 6825.80 5463.07 14687.99 10463.70 874.30 5354.02

2021 4 E AU K R G AR ) HdE &
7N: 2021 4F, A [ O AL A 30 73k #10.78 42T T,
PAAE3F. 5G 55 BB N SCHE BB R R WL 4 idk 22
A pE 2k e F TR SHUHERAL. BEAUCEIL
I 60 /3 &, IE1EZ 5 SLHLE fe b 4 77, M AR TS AL
TRA & 97931 242, [A] L 364K 39.22 %. [A] i 3% 3 1]
DA i, B A 48 5F 5 R 1) R R, R 1) 77 i 2Bl
F AN B S5 5 — P3G e S R K
T3, AR AL 1K A2 A J TEAE LR L 5 ] g 5
AR, AR 5T, AT AR A A IO A
B9 B E AR B AR AR, in Bk T IR (S R
AL EE A —BUU A A .

L2006 4F ~ 2018 47 F 4 AR B 7= S N I R4
HEAT B, 2019 4F ~ 2020 77 B 44 MR B 7= 5N K IE
£, R X AR BT R/ ARG E AL ZGM (1, N)
FEAL L GM (0, N) B A7 06 L, BABGIEAR SCRLRL 1)
AR SE Y. 7 AIYME G Z o A S
B JE 2 5 S i R A

1) TLDAGM (1, N) f 7.

C(1,2,3,4,5,6) =

(0.9983,0.9059,0.966 3, 0.466 6,0.845 9, 0.823 4),
A(2,3,4,5,6) =
(0.9355,0.0047,0.8960,0.1121,0.4119).

2) TLDAGM (1, N) A fE 2 X
C(1,2,3,4,5,6) =

(0.9999,0.2561,0.946 3,0.7975, 0.9127,0.9119),

A(2,3,4,5,6) =

(0.9102,0.006 3,0.9815,0.015 3,0.221 2).

TLDAGM (1, N) Je 24 J % sXE R T AR M ALk
BB 7T (Xy) 75 B SRR JE 284 ¢4 53 10 0.466 6.
0.797 5, 51X T 58 — =ML 8 Il (Xe) 17 51 0 s A BH
JEZH G 40 N 0.823 4. 0.9119, F WX P Ff A 774
TE AR IS 3 78 43 F 08 7 AN B 1 55—
b3 0 AE KT TR A 200 B, 1X 5 AT S A i 2 —
. R, TLDAGM (1, N) K B B RE T T8
RCHEMR AR (Xo) 7 1 I iy 2 55 \o 43730 9 0.935 5.
0.9102, &5t F RN ALBE 30 11 (X4) Fe 5 I i &
BNy 5518 0.896 0+ 0.981 5, 1% T2 — =k A
FF 3 R R 505708 0.411 9. 0.221 2, T B /K &=
AR R 77 2 P B VA RS AT, F P TR AR AR £ 7 B
S AN B it RUORE, 5 0 S A i 8 R — 3, AR B IR
TS TR 3] f 8 A ey b AR ) HE - X B PR 3R R IR AR

IS HERE B Y tH R 2808 6, 45 R a0
T HTR:

1) TLDAGM (1, N) B 7

a = [a,ba, b3, by, bs, bg)" =
[2.028 5, —0.0240,2.021 4
0.1624 x 107°,0.004 8, —0.004 0]";
2) TLDAGM (1, N) #7813
G = [a, by, bs, by, bs, bg]" =
[2.0079,0.3077 x 1078, 2.2332,
—0.0025,—0.046 4, —0.194 8]".

20 1 B A T A i PR RSSO TN 435 2R L2 4 AT
1 AR R 272 LI 2.
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F8H T % F 5T ERNHERAAR MR ECERR LY R
4 EAEREFENENSTUNER
N [ GM(1, N) GM(0, N) TLDAGM(1, N) TLDAGM(1, N) ¥ BT
Vi) IS A
TERME APE/% EAUME APE/% BME APE/% EAME APE/%

2006 5112.30 5112.30 / 5112.30 / 5112.30 / 5112.30 /
2007 5252.92 4254.77 19.52 6019.83 15.00 5030.71 423 5246.97 0.11
2008 5405.80 7383.87 37.66 6057.21 12.40 5411.41 0.01 5409.15 0.06
2009 5506.87 7624.28 39.17 5885.23 7.00 5613.22 1.93 5513.41 0.11
2010 5581.82 7375.82 32.58 5901.87 5.81 5639.20 1.02 5589.45 0.13
2011 5733.92 6716.57 17.61 5872.90 2.49 5739.07 0.08 5740.55 0.11
2012 5898.38 5954.70 0.98 5828.11 1.23 5837.33 1.03 5872.60 0.43
2013 6023.80 7331.10 22.16 6209.83 3.15 6030.00 0.10 6024.87 0.01
2014 6133.60 6674.75 8.98 6190.18 0.94 6209.20 1.23 6168.74 0.57
2015 6470.22 6237.32 3.80 6195.26 4.48 6383.38 1.34 6445.76 0.37
2016 6498.01 7257.95 11.75 6187.79 4.80 6503.62 0.08 6513.08 0.23
2017 6524.25 644735 1.18 6027.68 7.64 6522.19 0.03 6524.83 0
2018 6648.91 6365.50 434 6051.06 9.16 6645.30 0.05 6653.23 0.06

MAPE 16.64 6.18 0.93 0.18
2019 6695.36 5616.73 16.11 5909.459 11.73 6733.83 0.74 6694.48 0.01
2020 6825.80 4943.79 27.57 5758.023 15.64 6858.98 0.26 6882.35 0.83

MAPE 21.84 13.69 0.50 0.42

H# 4 0] LA H: A2 50 GM (1, N) 16 7Y B4 57 1
FHXT R 22 N 16.64 %, FLAFE AR A 1R 22 B 5118 39.17 %;
GM (0, N) H5 BI A5E 30 % ¥ A XF = 2 N 6.18 %;
TLDAGM (1, N) #& BY Jz Ho ™ e 2 = ) A 40, 1 35 4
SR 200 W45 /N ZE 0.93 % 0.18 %, AR URS E 23 1) v
1£99.07 %+ 99.82 %. MFEAS FMHETIINI 2 2 7] LA H,
4. GM (1, N) 584 5 GM (0, N) 155 54 F 0 ~F 35 A5 %
WRZEI> I 15 21.84 % 13.69 %, 76 WX P AL
FEAER R 0l IS 18] 5 51 1) 35 R 35 TLDAGM (1, N)
B e A e T =X 1 T ~F 253 AH X6 R 22 4y B 4
INEE0.50 % 0.42 %, TR 43 3 1 IE 99.50 %o
99.58 %. B ¥ 1 A& 2 ] LLF i, TLDAGM (1, N) £
B R Foy e % X A 2 ot 28 8 o G A S B ol £ HL
FH OO 5% 22 U 3l A /), e B AR AH R R 22 s il N
423 % 0.57 %, ke 7€ 1 5 . VAT F, T a2 B
Hh BT A S TN KS FE, TLDAGM (1, N) B RS J Ho g g
R B FEL TS GM (1, N) 5 5 GM (0, N) £
AT bR o AT g, AR SCRT AR ) 22 AR SRR
Je BNk A7 TLDAGM (1, N) Bt 4i 2 A B R 4
7R B YA i L 3 AR AN TN YT R MR B S LA
PR 2 2 B AR AR, B — 5 AR R 1.

4 4

ASCHT 2 A IR Z2 G A JEAR, 5 ] ik
(R BELJE BI04 S5 1 D i B R A, - I vy JR 45 |
AGM (1, N) RS 2 T 2748 S i i BB B 2K £
A TLDAGM (1, N) R H Y RIE A, 4 H 724
At T 3%, BHJE 25T DA R 1% b i 8 Tl &5 5 i A8
A FA X 7 S B AT B AR A, LA TR 20 4
F5 B 2 S i R BN “ B k4, RKIHRE

PR AR (B SRR 2 PR A RN IR IR RN AT
1, DL A R S5 4. S oy A R B T AR SO B I
A, [F I TLDAGM (1, N) A5 84 K Fo 9 f 72 50 m il
ST e AR A 7 i S FLAH DGR 2R 7 SRR (45 B
S5, S B A Tff b R AN T L 2 1 AR

TEDLSEAE TG, V22 1 SEA0E t T 52 Z R R R 1
SO, A B2 I R Eh M L AN e i AR LR
RFAE, T B 91 P 1 A8 T PRI . Rt 7 A R
(RUAIE 50 HR, DT R4 T RS 2R AR A DA e 22 A o 250 1 A
2R Mk R AL, B2 e AR TR ) TG RN S R M, A — A i
RFfADR B ] .
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