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Prediction of ternary interval number sequence based on GM (0, IN) model

ZENG Xiang-yan', WANG Min-yan, HE Fang-li, CHI Xiao-ni
(School of Mathematics and Computing Science, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: In the field of engineering and economics, many data sequences have strong oscillation. These oscillating
sequences, represented by interval numbers, will contain more information. The ternary interval number not only
contains the upper and lower bounds of the system characteristics, but also contains a preference value. It has a good
application value to study the prediction of the sequence of ternary interval numbers. In order to make the multivariable
grey model GM (0, N) be able to directly model the ternary interval number sequence, the parameter setting of the
GM (0, N) model equation is improved. The global contribution coefficient and lag coefficient are taken as the exact
number. The linear correction term coefficient and compensation coefficient are set as the ternary interval numbers to
compensate the different boundary points of the ternary interval number. Furthermore, to improve the prediction accuracy
of the oscillatory sequence, the prediction sequence of the model is modified with the Markov prediction and sequence
transformation method. By forecasting China’s electricity consumption and total retail sales of consumer goods, the
comparison results show that the ternary interval number multivariate grey model presented in the paper is better than the
single variable grey model and the method of forecasting after converting interval number series into exact number series.
Keywords: multivariable grey model; GM(0, IV); ternary interval number; oscillatory sequence; time series prediction;
Markov correction
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t=1
F )2+ @ Q@) 25w a3)
SCER 17145 1 7 T LR = o0 X 8] 250 21 1 1l



2074 # % 5

®35%

TNRS 2 B PPAR 1 UL SRALLT SRR (171 9 — Je X Al 3
(¥)°F 351 J5 ir 22 (MSED), 42 H = 7 X TR H -4 °F
7R % (MSET) 41 F:

MSET =
S elt) — 0)? + - S () — (1))
LS ralt) — ) (18

Hore(t)s o)y Pr(t) N =JCX A1 EH R 4G (E 1
AL AT E AR CTES 47745 H. MAPE,
MSE F MSET ¥4 Jy = 7t [X [w) £ /5 51 Pl A 25 19 3
FRPEAFRtE.
6 SEHSHT
6.1 HREZMEEDHIUN
K22 9 i T SBU(CTRS) TE N RGRHEAL
=, B WA 77 B H (GDP) {E N # S B &L 7 5 3k
# # M (www.yihuodata.com) 3k HX 2010-01 ~2017-
03 [f) GDP ¥ H & 24, N T 36 ke A 75 &, (615
TINGM(0, N) A5 B 1) 5 K3 J= i £5 fe 0% 1 8, DL Z=
JEE Sy B 1) B AT, AN 22 FE 1) F) R MR 0 e /MEL 3
B e RAE o AE T = JnIX A R S e 7
&L CTRS F1GDP [ J5 4 [X [8] 455 41 W3 1 FI 3R 2.
J&F CTRS F1GDP M 2010 4 55 1 225 5] 2017 4
5512 1 R U6 X R E 5 41, 22 37 TINGM(O, 2) A 7,
T CTRS M 2017 435 2 ZEFE 31| 2018 725 4 R L 1)
X [a) % Horp, XF T GDP M 2017 455 2 22 % #2018 4F
55475 TRINAY, 25 35 TINGM(O, N) #5874 /) % 6 2%
PRI AR 2, RS ) B[RV 43 R A2 R T A

®1 HARHERFELTONEHIRE
FIEOFM PR PR RS

30734 31427 32005
35260 35563 35893

1 11322 12107 12500
2 11510 12098 12455
2010 4 12253 12786 13536
4 13911 14508 15329
1 13588 14202 14509
2 13649 14303 14697
2011 3 14408 14993 15865
4 16129 16805 17740
1 27864 28608 28980
2 27278 28848 29808
2017 4 29610 30270 30870
4 34108 34361 34734
1 20194 30092 30541
2 28542 29914 30842
2018
4

%2 GDPRUWIER#IE
S OEE OFRA H 5 RA

I 2458109 2920557  32003.72
2 3250049 3317747  33707.69
2010 4 3268852 3541290 3714291
4 3861352 3988083 4173138
1 30069.97 3488043  37291.09
2 3871886 3972477 4073925
2011 3 3043562 4232720 4380279
4 4417718 4616777 4970047
1 4207373 5032890  56860.28
2 5428437  56167.67  58067.10
2015 3 5477689  58903.46  61503.86
4 6112381 6428396  68341.98
1 4553661 5385757  59146.82
2 5805446 6024790  62581.92
2016 3 58687.38  63509.83  66557.75
4 6739360 70427.10  73988.68
2017 1 55949.14  60227.57 6405831

A R BT T, R

p
#(0) =Y a8 (t =) + It = 1) +ho. (15)

Jj=1
2 (1) 1575 CTRS AIGDP [ 2010 FF- 55 1 Z= &

B 2017 4F 55 1 2= B (1 J 4 X 100 4005 510 1 2K £ 0% Bk
(X0, X0 = 0.91. f1 0k AT %1, GDP 7E /R K
FEPE BT DL B CTRS [ K e #a s, J T 27 41
— R SRR BT B B IRV B S EO
HNp = 1. TINGM(0,2) 155 1) 4 44 57 R 2 HOR i
J& TR BN 25 5 7 5 B R B3 1H by =
0.1882,a; = 0.692 1. £k A% 1E 105 R BRI *Mz2 R 504
Vs

hy = [—2328.20, —2 761.56, —3 158.67],

hy = [6846.56, 8 092.28, 9 808.39)].

TINGM(0, 2) X} CTRS 1] $  45 2 & % K E 4
A R U 2R iR 3. TINGM(0, 2) 5 = Je X [A]
BN B EFR AT A EIA MAPE 73 5108 3.65 %,
2.68 %, 3.12 %. FrLh, MIUA R 2 0] F i, TINGM(O,
2) BRI ARG FE L .

TINGM(0, 2) F U 55F CTRS M 2017 4F 55 2 2= i 3|
2018 4575 4 25 8 1Y IX 1) B30 1) Foiml & 2R L3R 3.

i 2 3 7] LAA i, TINGM(0, 2) 5 % % CTRS M
2017 £E 565 2 = 5 31| 2018 5 25 4 2= 5 1) T iy 28 =2 31
AR BT S H R R R A A R I K. B
DL, 4% 825%F TINGM(0, 2) A5 74 (14 Tl 25 SR i3k AT 5 SR A}
FABIE, B IELE R WK 3. MR 3T LLE H, B IE)E
CTRS HIHR % B A TE 55 2 22 B A T AR, 7E 2R 4 2= N



WA 5 A T GM(0, N) A 6 =T X 18] 5 7] T

2275

RTINS R

TINGM(0, 2)

f&1E TINGM(0, 2)

[28 245,29 218, 30 427]
(28 054, 29 784, 30 847]
28 669, 30 329, 31 273

[27 680,28 633,29 819
[28896,30677,31 772
[30103, 31 846, 32836

[ ]
[29 238, 30 858, 31 699]
[20 772,31 373, 32123]
[30 280, 3 1875, 32 540]
[30 768, 32 366, 32 949]

[28581,30118, 30838
[30128,31716,32377

]
]
]
[28 653, 30 241, 31 066]
]
]
[31691, 33 337, 33 93]

%9

#=3 BERANUHSHERTER
AERE g

2
2017 3

4

1

2
2018 3

4

MAPE

6.20 %, 4.64 %, 4.28 %

4.24 %, 2.54 %, 2.39 %

REIAE. R 1 HIRZ BT VR L B IR R
FIR L B S I MAPE $45 FT R %, BT bA, R R
FABIERA .
6.2 HELBEETN
DaEKBEFENREFIERE, 2 S
HAE M R R ER @A o [ R A b R A
(http://www.cec.org.cn/guihuayutongji/tongjxinxi/yue
dushuju/index.html) 2 %5 i 7 2009 4 %2 2018 4 4=
KON R A B EE, T E i N A g
H 1 R T L, R A P A e R AR,
LARG A8 I A BB I ZHA0E. Brs, A X 2010
R 2018 4R 1 42 [ i B AT = Ju X 18] Hefil & A Tl
M. T EA I AR RS 1L 2 A4 EdE, i
R Z 12 H BOEUE, AN 2 2= R IX A 4. LA
JE Ryt (] BT, AREAE 3 ~ 11 H I3 it S/ ME S 3
B sKEDIEAFEE = e X HE T, $. &
Ftr. BT A9 I BE, A58 1 € TINGM(O, N)
PR [ i B4, 2595 TINGM(0, N) A5 L fr) ] [ )35
gy, R 22 e e vk (B A S 73« ZoPEAZ IE TR
32 ZHOHEAT T, B

N
20 =3 ba V() + it —1) + he. (16)
=2

L 2010 ~ 2015 4F (1) £ 45 2 57 TINGM(0, 2) H
A0SR T 2016 ~ 2018 4F (1) 4= [ & HL & X T 2016
~ 2018 £ [ F FeL 2 () T (L AT AR FH SCRR [14] 45 H
1 = JC X 18] U5 %1 1t GM(1, 1) 45 84 Fi 45 3], 4 [F
% Fe B R R B SR G = e X M B A LR 4
derial () iR dE (X)) S AR (X O) ke
FBefE Ay (X0, XY = 0.94. FFLA, Bl HB R R H
BRI B . TINGM(0, 2) #6784 5 F2 fr 2 4
DUHR 2R BN 25 5L 057 55 B R A3 E by =
1.161 1; ZHAZ IE TR BRI A ME R 505701

hy = [—787.60, —798.48, —875.89),

hy = [—610.36, —602.40, —683.12].

x4 ERXEESHBRENNRKE

FIE

K HLE /TWh

FH s/ TWh

2010
2011
2012
2013
2014
2015
2016
2017
2018

[3316,3501,3903]
[3640, 3 885,4260]
[3718,4022,4373]
[3994,4370,4987]
[4250,4584,5 048]
[4450,4 686, 5 155]
[4445,4968,5617]
[4767,5281,6047]
[5108,5616,6405]

3394,3562,3975]
3768,3970,4 349]
3899,4 166, 4 556]
4165,4491,5103]
4356,4651,5097]
4415,4669,5124]
[4569,5007,5631]
[4847,5335,6072]
[5217,5735,6521]

TINGM(0, 2) 1 B % 2010 ~ 2015 4F [ 4 [/ &
gyl R T 2711 1 SN S o < Y et [ R R L
X H 43 HR % (MAPE) 43 5l 24 1.27 %,1.02%,1.18%,
A LLE H A RS IR UT. 2016 ~ 2018 4F 1 7 il [X. 1]
RS, N T R, RSIELH T SR [14] 52 H 1)
B B 1 = T X A # GM(1, 1)(TINGM(1, 1) 1 %4 {1
?WW*% SCHR (1814 = 7 X 7] i i ey v s A 2

17 J5 TR, S ABUtth, o = T IX [R) £ e oy O A A
E#éﬁwfﬁ,ﬁt%?ﬁwﬂzﬂjﬂ TINCM, H &5 F
5. ] LA 7 51 #7715 TINCMAR T B A8 & (1)
TINGM(1, 1) #%, jfif TINGM(O, 2) ) MAPE. MSE A1l
MSET #f /& 3 AN b fg /N, B DATIGIIAS P2 o5t 1
Ab, AT DL H 2010 ~2018 4F 4= [H 2 H & 2 LB AA 1
Tha®h, kG A K, Fr LA D3 T B /R BHERAZ IE.

*5 BEBMNLELBHEMNTNER

F (JEER{E/TWh) TINGM(0,2) TINGM(1,1) TINCM

4445 4517.36 4375.87 4759.22
2016 4968 5015.03 4701.58 5168.25
5617 5662.13 5213.05 5820.47
4767 4840.14 4585.36 5089.15
2017 5281 5395.86 4902.32 5476.16
6047 6174.17 5484.56 6201.25
5108 5269.74 4788.74 5379.60
2018 5616 5860.29 5123.45 5789.32
6405 6695.49 5757.35 6598.16
MAPE 2.36 % 6.61 % 4.35%
MSE 71473.62  498549.18 162337.53

MSET 40043.48  244542.08 137906.04




2276 = % 5 *x K %35%
7 & #® A5 B R TSR (3], ¥ f 2Bk 5 A, 2018(9):
181-189.

ASONAR G GM(0, N)BBSA AN 1 828 & 1 e
TN LR PEAG IR T, T8 (1 2 5000 B 7 VAR R B
X = 0 X 1) 550 1) . A B ik AR BORN i S I AR
KRB LRI DX 1) 55 1 R Ak e, AR B IX [ 50 e A R e
s TBUCA =0 X R AR 26 S IE T R BRI R
HnT CATR AN R R AU 2, 3 v X[ E H 1 T
KRS, Dy JRBERAE IE 5 ik Stk — B4R v 1 iR 35 1Y
TG IX [AHT 51 B TG

T JUAE, 2278 S K T ASE LS ItV 22 3
B, KRR 3 T HALA MBERe. £ )5,
W e — S TR 10 73, X ST I TR 2 e 6% L
FEX X B4 51 A
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