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Abstract

In this paper, the univariate dynamic Gray Model of time series GM (1,1) is established to analyze
the inherent tendency of the total import-export volume in Guangdong Province, and the fore-
casting value accurately agrees with the actual value; then to explore the relationship between the
total import-export volume and the production of three major industries in Guangdong. After es-
tablishing the multivariate Gray Model of time series GM (1,4) on the examination, the fitting value
is found precise. Thus, the model can better reflect the dynamic relationship between three major
industry and total import-export volume in Guangdong in terms of time, which can provide a
scientific basis to develop foreign trade policy for the relevant department.
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HE R S Bt H e S5 0 B (B3 51 2 AN 51 5 ) B RSN, S e [ SR A ) AR 22 5 51
5577 SR bt GRS FRS Sh 5 5 A gk [ 22 7 R AR ) B LA Al oy AE (et BRI 2257
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HEH R AUE — E A5 R 5 I E B R bR, Xk R A R R B AT SUE A AT R DARITE, AR R R
{8 GDP 5 [E ikt ML BUHFE IEAH R R[], =R AE = Sl 5 S A= Bl GDP [l &%t T3k
E 255 (R n] e R 14y B [2],  DRLGAF 830 H s B0 = K Mk i s e JE oy H 2

B (2012)5%F ) PR T 5 5 5 = KA ok RSGUEA T, ) VAR BSR4 = K= b 3 ) 5t 32k He
FU5R 55 B DTk (3] SRS S5 PR SCBLa g5 T BEA 1A Gt 1152 542 GDP 3Kk 7o il SRtk |, 12
FIHP 383 . A OC REGERE KBy, HE—BWEF0 T DS ARAE P= SE S GDP KR R[4]. W
FR R SR BEVEAN 5 10 2= M i = K2k 5 GDP fISRBEEEHEAT 1 43 BT [5] . AR 75 iz F AR € 47 Tl
R RGN TR 2 MR A SRR, 0 R IREE AT AR AR R TR R GBI E, MR
IREFHN T GM(L,1) 2 AR i BRFIRE FE AR50 /7%, GM(L, )AL & 5 R A idb AT 1 Hil[6],
Liu Sifeng f&Ihia FH 7K (4 2 Gt TH] 44 T R Rk Kz I 0 221 7] [8]
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FREY T T DAV RO A Sk 1 A 72 S 8 T B = R b R B 7 T
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3.1. BETEREREFFIFTNER GM(1,1)

IR S g ST R O SR AR K A TR A TR GM(1,1), 12 B TR Gh I 18] B 51 3k 4T BE b PR AR
AL HE SR T4 RGN, A RE BRI R EE T, ARG @I S AR TR, i
ML T FE AR Y, A SR e BN T FE R R 8. T LS 3 1 s e T30 5o G HRp A4 P B[]
7 51 K Ae 38 AR E TR AR, T o SR R — I Z R AE &, Bl 35— Al & A s 1E] [9] .

AL B IR (0 N i) P A7) RIS 7R GMI(L, 1) 8 37 F) 25 %

(1) g X O n g, X =X (1), X (2),, X (n)} i R0k R A

X0 = (X (2), XD (2),+-, XU ()], 0 GM(LLYBIALA R 53 7 L

ax @
dt

Heb: a BROVRIEREG  p BRI SR
(2) N TREBRSHEMIHE, T2 BRI TR GRS THE, ST, el

ZHAENa Dl'JiE%j&z[ZJ, AR N SRR R, WA

+ax® =y @)

~

&=(B"B) B, @)
Sk B W ERIERRRE, Y, = (X (2), X (3),, X" (n)) .

KIS TR, B A A5 TR A A .

x<l)(k+1)={x<°>(1)—ﬁ}eak+§, k=0,12,n 3)

(3) MR

IRETRNATIE — R TR ZEAT S0 RIR AT 0 A J5 36 ZE A0 50
3.2. ZTBRGHEIFFIFMEE GM(1N)ES

B PRk OB BRI AR =R AR PR A R 8 R, 7 2 B K RN () 4 T A Y
GM(LN), HDBRu T

(@) A N A X =(XO 1), X0 (2),, X (n)), i=12,N

xt X OB, EEIE RS

K = X0 @), 3 () 3 X )

m=1

=(x.(l>(1),xi<>(1)+ X (2),, X® (n=1)+ xi<°)(n)), =12 N.

(2) AT EH Xi(l)E"JEﬂL%Jk 1,2, n BIEELEMA B, A5 XY 0 E B ) ¢ e 5
X = xW(t). s XY, x| DD Ol 0L Y Yudact A1 M < VA S I dh= e 1% 7 W

+aX =b XM +b, XY+t by X 4)

®



JUAREEH S =R 08 R AT

EAMMA 7 R ANC N GM(LN).
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(3) FHRY, =(X{%(2),x{" (3),---,x1(°)(n))T, W T TR L2 TR RS B, BN T A3 SRR S 3
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i=1 i:la
HIRJFBR: Y (k)=Y" (k)-Y¥ (k-1), k=2,3--,n
(5) XIHATIRZE /T, LRI IR I ATARRS S 22 S F

AY =X©@ YO (k), e=AY/x"

AT IR 42 2006~2013 4R (AR GETHESE) (013)HIAHRIRAAHME, B35 B an < 1.

3.3. BEALR
3.3.1. AT BREKEFTIFIHERE GM(1,1)

MR L R R B i, ) AR Y AT Bt s 57 GM(L 1) B, 35 ] MATLAB2009 1 f4K

D BRI
(1) WIRBEH AT
X9 = (5272.07,6340.35,6834.92,6111.18,7848.96,9133.34,9839.47,10915.7)
(2) LA HCHE X O iR B INJS, Fid R R B AR R Y
(3) &L MATLAB2009 4f% n] LATHE H 75 F5(2) 1 a = 53609.72 F1 b = -48073.34 -
(4) IS GM(L, 1) K i [a] e SR, AN a b MERTRE(3) A :

Y (k) =5272.97¢ %™ _0,8967

HEH R BT RN DL R, A E 18] 5 51 BN GM(L, 1) 45 Hh H sl 5K i 18] 7 SRR (2R 0E
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Table 1. Data of total import-export volume and three major industries in Guangdong Province

L IREHEEOBHE =AU EREIEENA: AT)

A GDP &1k &2 7k %37 HEH R
2006 26587.76 1532.17 13469.77 11585.82 5272.07
2007 31777.01 1695.57 16004.61 14076.83 6340.35
2008 36796.71 1973.05 18502.2 16321.46 6834.92
2009 39482.56 2010.27 19419.7 18052.59 6111.18
2010 46013.06 2286.98 23014.53 20711.55 7848.96
2011 53210.28 2665.2 26447.38 24097.7 9133.34
2012 57067.92 2847.26 27700.97 26519.69 9839.47
2013 62163.97 3047.51 29427.49 29688.97 10915.7

AR (T RGIHES) (2013).

(5) HATEAY R LS

it i2 FH MATLAB2009 Zm it 5 H 4 xf bk 72 SRR 2, 45 Rk 2.

B2 2 BT R DUE tH, BT 2008 4R 25 fE AL, gk = A BRI 2, K o m]
PLFE HHT G, 2007 1 2009 J AN ELECR, G HARX R Z#E AN, ~SFRIARRTTR 22 /N T 5%, Rt 25 )
EHAF, OISR B HERA PR LA, AT S B LR

ot R ) AR EE T 1] F7 BT GM(L, 1) R AL 43 A, RSSO TI0MIME 5 B SEAE ot b an 14 1.

T IRE XS T AR A LR B AR R (] TR A TR Y GM(L,1), R S AR B B AS gy T R AR
R R ED T FE(9), BHBAE 2 F01%) 1 AT DUE O B RS FE L, SE BCR ELBLLF, AT AT BAAS
PRI (A7) 12014, 2015 4F), b HAR LA

3.3.2. HORES =Xk 7 &6 FFFUREE GM(1,4)

LA E AR HEH CEARAS RO B T A CB 1A 7 B TR GM(L,1) ELRcHERS, T
PR, A5 LSS A EN ] AR ) 3k SRR T RE(9) -

MR 2% 330 B AR (0 [ 2 BB R T LARI2D 1 T ARkt LB B ka9, RS BERE b, 0%
FEREH DB BTG = K M R SRR IS . BT 4 MEREGEH DR, $—. =, =
Ay BB A R, HH R RS — B R TR, B R LT, LR 2 A R K
MR GM(L1,4) KRBT -

(1) Azt P X = (X (2), X7 (2),+, X () M RGRAE SR FA, s, = =

Pl X = (X (2), X (2), X0 (n)) i =1,2,3 A R AR

(2) [AIEE ] DA% HE DA S AR g AR Ea I [R) P 2 T A 28 GMI(1,1), 8 ] MATLAB2009 -5, 193]
a Ml b A B A

0.3222 -11.5088 1.1764 -0.0817 7392.69
4o 0.1762 -1.7047 0.2216 -0.1066 b= 1506.04
—0.2357 -5.9015 1.7241 -1.0156 14102.48
0.3335 -4.1311 0.7067 -0.3102 11744.14

(3) MRATTRE(T) R USRI L2 GM(L,4) I [RIWi N pR 0, BRI #5302 4K i 18] AR AR, AT AR 4l 2%
1 WE e EEE, SRISHAMS HIIE, W 3.
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Table 2. The results of total import-export volume using GM(1,1)
2 2. B ORFH GML L) ELER S

Ay SEFRE HEADL T ESEs T AT 7R £ %
2006 5272.07 5272.07 0 0%
2007 6340.35 5841.83 498.52 7.86%
2008 6834.92 6475.11 359.81 5.26%
2009 6111.18 7177.05 -1065.87 —17.44%
2010 7848.96 7955.08 -106.12 -1.35%
2011 9133.34 8817.46 315.88 3.46%
2012 9839.47 9773.32 66.15 0.67%
2013 10915.7 10832.81 82.89 0.76%
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Figure 1. The total import-export volume and the simulated prediction value
1L I HREE O BN ESESENTNME

(4) HEATHIA A 5

HHAT S R Z M, SRR
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BREGESEHLIAT, FEMA K Fm iR R AR S =k (Tolk), OGRS — b (folk), X R 5k
O ELBOGIE, Rt DS B R e T, FRE = fam gt S, BN BRYISE, TR R Ik A A
ZHEFL, HAEEHKIG, R SR Tk, k4, 2008 FiJE 5 2012 7R f5 N ) AN e
B, ANBETRT L AN M B TN 3 A B TSR, DR E R B AR 25 R T A Y (X 4 3

PRI T T — 25 23 A, 2% R AR A RIS Y F) 28 6 ARG TR 22 SR AT B N AR, Sl v 55 3P AR

2013
WREHT, Hoh AR AT E= ) |e| 31, PRI R R B e = 8/k T, Hobk =8 4F,
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T EREE R 5,
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Table 3. The simulation value and prediction value using grey model of time series GM(1,4)
7= 3. REMEFFIFNRE GM(1,4)1 E AR IME UK FUME

iy Tk R a4 Hol FH=rlk
2006 5272.07 1532.17 13469.77 11585.82
2007 6502.37 1733.94 16248.21 14182.25
2008 6344.42 1913.79 18005.91 16137.64
2009 6630.21 2060.21 20238.24 18239.78
2010 7753.66 2325.36 23271.10 20888.01
2011 9243.85 2698.88 26816.83 24084.38
2012 10670.72 3103.95 30512.40 27661.85
2013 11967.81 3486.50 34085.37 31486.83
2014 13177.12 3807.16 37057.29 35408.93
2015 14098.49 3969.66 38195.37 39021.85

Table 4. The relative residual using grey model of time series GM(1,4)
7 4 REREFHITUNRE GM(1,4) BB 3R E 574

4 HEH DR E | ok Bl
2006 0% 0% 0% 0%
2007 2.56% 2.26% 1.52% 0.75%
2008 ~7.18% -3.00% ~2.68% ~1.13%
2009 8.49% 2.48% 4.21% 1.04%
2010 -1.21% 1.68% 1.11% 0.85%
2011 1.21% 1.26% 1.40% -0.06%
2012 8.45% 9.02% 10.15% 4.31%
2013 9.64% 14.40% 15.83% 6.06%

Table 5. The average relative residual

5. FIEXRES T

HE A e | Bl =l
SRR IR 38.74% 34.11% 36.91% 14.18%
YIRS IR 22 4.84% 4.26% 4.61% 177%
5 e
4. &g

AT RE AR A W R BT AT A S LA N S AR R A K G 8] A1 AR A GM(1,1)
IIMTEEH DS NAE AR A SS, E D S, WAL A TN, AR, SRR A ROR
PRSI, 5 P P e AT AT Az P P AR B €6 B [ 47 PRI ASE 2R 0 | 2 48 Ay Y 11 A B AT F000 2
FLBh 25K G 6] 7 51 PN R O T RE(T) o

HETRE 2848 B BE 1SRRI AR € = R ol A 77 e {8 38 ST A L 1 31 25 K CEu I T e 51 00 A6 7
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GM(1,4), &, A Fr | FIAEAL RGH& HOR B, MRAE TSI = M, RSRELL B, T H.
TI0 0 EE R o LA T A PR AS R AN 3, MRS 1 e, 8 GM(L,4) Kt 8]y 51 F
BRLAS BB, JF BT LS 2014 4R 2015 4 (%8, e 3.

3 A PRSI FH Bl 285 i 18] 51 SR AR RSt ) 2R 48 gk Y 1 B = K 2R 7 VB Z TR £

IS TA] B B B 8 2R ON TR EEE I E L BF BURIR BEA FIRIRYE, X248 4 BEH 1 SR AT B 1O Uh &
MNTTRT AOAAR S BT 5 b S BOR SR (B2 KR, )R8 Aft i K (e R LB R i -
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