%24t A2 o A R A Vol. 24, No. 2

2016 4 2 A Chinese Journal of Management Science Feb., 2016
MEHKS1003—207(2016)02—0162—07
DOI:10. 16381/j. cnki. issn1003—207x. 2016. 02. 020

LAE B UK o e R B 1 g H
DAL R LR I TG
MR, R e
QX HIFEAFRFR T A M 221116;2. T HRWE A F I ENF K T H HM  221116)

OB BB CA AR BT R B RE R 1 KO e i AR G B R RO R R R SR AT BTN A SCR T — R R
ASURE A5 AR 40 1 TR R e o R 0 R R AR 0 L O EL R A8 A B 3 2 ) B LA T O R Y B IO (0 R A 5 O X )
U % P X IOM (0 A B RS JUORG B2 OS2 IR o ¥ SG4TSR A Y P S R AR i DL 3 AR 1R 22 /MK
FAR ZECZ I C RN ARGAT R T B BOR (R I6 2500 0 D0 AR Y, S0 g IO 0 8 B 2 490 0y 26 1 9
DAL . 45 R L A0 A AR W HBOM (0 AE Y e A5 1 339 AR G 2 22 78 B8 R B 1 dme /A, HASEAURS B2 R 10000 RS B2 A v T
FRGERER . R+ 5 v T O 2% g A0y N 5000 S50 60 1 088 20 A+ 5B T AR SO A 5 ik A S8 R A

R KORG: SHOR ORI 28 MY

FESFES NI 5 XERFRIRAD A

1 5

TR A TSR 5 gk B8 2 55 10 e 37 A Bt L
P TR RGBT LA Ay FE Al A 7 A T A AR
— i EL A A v A B LLRG B R TUINORG B A/ NEEAR A B
TATRHTA BO AR T A T, MR KA T
AR A 2 T (A% 0358 43 GMCL, D ASERUEES gk
AT RER AF AT A, R AR 2 H
FE GML, DB RUEE AR B 5T 5 5% (s | B i) ) 7
KA Y BB IR T REWRAN T/,
WA HHES T GMAL, DRI RN R R

B K GM(L, 1) B A5 78 A7 78 25 i B 3O
2 05 2 2 i B2 TE 200y AR 5 78 T 3 B i) 1R 25 L i
T T IO £ T AE R Sk e T 22 43 T
BN T R BEER . T GM (1, 1) 5 8 B AR W 14 58
GM1, D EEEIFI K {6, Verhulst 15551 (4" & , 4 %1 op
AR BT AR A AT 1 S PR A S AT LS PR DA
I8 TR TR e 7 4] A L A g b S e 54 ) A
SRPERRAES R E GMCL, 1) e M Y () g ARG B
WEFE A B4 BN GMI(T, 1) T A% 700 75 555 (1 47 1 2 8K
AL AEE TG PR LA R 25 70 S B AT T

il

KR EHEI:2014—03—11; fEiTHHA:2015—05—20
E&TH :HEKARRFEEE I H (71301064 s L H #H A X
AL 4T H (12Y]C630262)
BIAEE N AR (1979—) , 55 QU L Il g J& 10N, Y35 il
O K2 1 4 Bt R U WS 0 T KB R G
LW TR, E-mail : mathyang@126. com.

FE. DU, Ry H e T A IR X 7 5 TR AR 1 3 oy e L 2
BT SUR TR T A S OB N AR IR 5 ) B K
A TR A AR ok SR A g ST R T GMI(LL D)
o MR TRUORG B L O FLZE SCBR P AR B0 T2 M R
ST, FEZ M GMAL, DA RVRN I GM(1, 1) A
TR it B s DASR — AN B8 S AR o O R 1Y
Va5 8K, Liu Sifeng S5 1 F 1E B 50 #6 M
FS R B T — N B SRR ) R R R O
TG BFFE N B2 25 T — S ) U 4% 3k B i) el ik
Jrke,

F8z b i a] E A F A A P R L 2
BB AR FFET WA EEENN . Bl
WA VFL R A 5 i WSS TS b 450
AN AR S R ALY A B AR A A R A
XTI 7 VE AN G B AL A B T T ELARAS T
K550 . PR, 3 88 5 i AN 38 146 01 7 /s
FEABSIG TN o X T B A AR 8 22 (0 5508 1 s 1]
2RI B 0 NS R O e Y O R 2d A N
o SCRF I SR ALEE 535 | BB 6 TR R e i 8 K
0 T ASS AR () TR 3 03 v e

TCIe A2 F B Xof €0, T I ASE 7R 36 75 08 £ 43 A
TG 1k 3 G K (5, GMICL L 1) 5 AT Rl A 4 481 4 Hi 78y
AL FHI R GML, 1) T A5 7Y AN Rl A5 - 4 38 7 R 500
AL A . FHAL E LB R G i AL 342 5
ZR ARG AR AR Iy 8 B
MY B RO I R K R R R A%



el

P B A A5 < 0 Al B IO (0 % A5 20 I I . 163 -

BIPIAIE R A 2R B YRR AR LR AR T AT 645 2
GERy S 1] Fp 1) SR B B A ZR AR AL A

BT U A SO S B HIOK (R R A REAEL 25 1 —
ol RE 05 il 1 2 4878 1 3 4 BRI 52 % 9 72 A R AR 1Y
B 0 R 2 TR A (S RE 5 138 3k 16 18] 57 114
5 B0 7 A0 pR BORL Y AR R L O BE 25 5 B
oAl = 1] AR e A T 5 25 I 2 400 4 2% 11 ) 308 OGS 6L
TR B2 1) 52 W) o A4 S 400 26 1 00C 6 7 B O (8
R 7P S 491 A0 475 73 A 2 O A Y T LA 2
e TN A T F) AR R O B A R A O

2 BHReRERERHESE

BAE RS A1 08 X = @ (D)2 (2,
s () X JEAR P B X A — B RO
XDV = @ (D)2 (@) 2 () H 2 ()

k
= D12V k = 1,2, m,
i=1

EX T 20 )2 (k) b Tk FRK 7 T2
V(41 = B+ B A+ R (B) (D
SRy B HIOK A8 AR, Jrp oy BR O REHR AU

EBE1 & XY FEAFL. X0 XY g X

1R B B R (o TR R [ RS A v D
- (,80 ’,@1 3ﬁ2)T ﬂﬂ%ﬁﬂ»lﬂﬂﬁ

g= (B'B)'B'Y 2)
Hrp,
rl 17 (D
B— 1 27 Im-(Z) ’
1 =17 2P m—1
= (2)
v — 1'(”-(3) O
()

FE2 #p—(B'B) BTY W1 k. B
WME Sy P (1) = 2 (1), T B HUR (7, 5% 51 72
WA

k
BBo + B D i+ (. =1
=1

1mw+n=J 1—g S
ﬂ()?gg+ﬁlzlyﬁz f
(DR F£ 1

3

EE3I #Hp— (B'B) ' BTY W 1 fik. B
PHE AN 20 () = 2V G o T 5 B0 IR 0, e A6 751

IR
i,(l) (}3 + 1) —
n—1
V) =B n—k—1)—p D>
Bgikil i=kt1 9[‘32 =1
—h—1 n—1 (4>
V() — B 11_fzﬁ — B Z e
BZH;I i=ktl ,,82 +1

PERT 1Y y = 0 B, 2 8OK @ 5 A 8 S T H
IR 2 (1) ~ ce” AT HIHBL,

PERT 224 y = 1 B, B AR (0 R B A S T A
FIERIAEF I 2 (1) & ce™ + b B WY JF 5 d A

AL, 9 L4802 1) a2 4 OC 2R =X (3) A (4) A]
L B 7 51 A A & 45 28 Ty 91 19 R
fE 20 (DB G gy i LR 25 8 T 45 %08
5 &% ok £ 8 W I & M E H &R

k n—1

BB (B DB WL R AL R

Jie 3 3 Z R R 05, AR Ak R AT R 2 2 A
PR (I IR AN o N2 8
fEa ik METARKERENELETH
L DAV M ATF S 2 B L K €5 3R G I A Y
BT BN BT K e R 9 1 57 R R B R SR
A P A B AR SO HE Y B IR 0 R A Y
A DL T B A 4% R G0 0 /N AR RO 6 T

UEAk o DAE B 2 e B 3 56T B IR (6 R R A
(18 F 8] i 15, 5T LA M o 2 5 R A5 00 R T 45
KT ZH o B FI B FIRIIR(E = (1) (2 () 3
FEAS TR 0 G (B 2 B 5 T 381) J5 26 1) A2 0L 350 00 45
R AR 45 E AR Y WG DL R L B UK (45
REIRIHT) ey 45 471 04 B0 Ak T

3 BHReEREENSGZFGMRL

3.1 BHMBHLP M HBERTERKRERE
B &AL

WE KRR S B F B B4
ELAHE 2 fEM 3B E A DGPM —
2P (1) M DGPM — %V (n) By %) 1618 4> 9 H
2P (D) = 1,2V () = ¢, U ¢ Fl e, BT AT LA
Wit TR EH 4 FIER 5 44,

I 4 A EBURAENIG 0 o RGP Y
— W BTN 2 (B 5HARUE 2 (B) BiRE



- 164 - o ]

R

2016 4

FHFS = D) {2 B — 2V ()} KN

k=2

" 44 1
SE ) —p, 11 _ﬁf —A DR
k=2 ;82 i=1

y(k—1)
2F

“T9 @#D R
1112{“%&)—(»—1)@ /912

@ =D
EH]: B O BB R DGPM — 27 (1) 1
P 1] g 37 = AT A5 2
(DY B, = 1At

n |
MinS* = 2 5 Bé +B DB T g
O =2 P2 i=1
dS*
_ LS — 0.
P (k)} de. = 0;
Ry
Zﬁéﬂ D (k) 7& —B 2 ZrIBLﬂ
k=2

()

y(k—1)

n k—1

ManZ = Dtk — DB + D)7 +a —
h=2 i=1

(”(k)}
ds*

A = 0.

~ dCl 07

i 1
n k1

(=S — k=g —p 2 )
k=2 i=1

RIS AEBURERIIR AT o [ R F S
— B I BUFAI 2 (o) SHBME 2 (o) iR

n

TS = D) ) — 2 W) EEEN I
k=2
1-g* " .
- ‘3) =5 —‘812 7[@H— _ <1>(/€)‘8H
25 = )
Hﬁ
()
2f
@ #=D
6 = . B 6)

— pP—hk—4 Ei’ —2V R

< :
2 f

1

§ ﬁ(k—n)
2

k=1

@ =D

WEH B HOK BB DGPM — 2 (n) 1y
P 1] o 37 =X AT A5 2
(DY B, 11,

n—1

—k
w1 Cn ,30 1_‘6‘12?? ‘3 2 7B1 1—i
MinS* = > ¢ . _
“n k=1 ,8/2
RNTSIER
’ dc, ’
Qg
) = ﬁ —/312 yB, 1 ’—1’(1)(k)ﬂ}k
X g )
¢, =
Zﬁ;(w)
n—1
G —Bn— k) — B >
MinS* = >7{ — TR
n k=1 [32
£y 4 955~ o,
’ dc, ’
IR
n—1
1 1 - B(?l*k)*ﬁlz
C”Z W - 2 Bzm—m —
k=1 2 k=1 2
(/e) VLA
[)’z
n—1
o Ba— k) =B D — V(g

{ e }
2 e

Zlgzwﬂ)

3.2 FKRAMSHE B B T [32 H’\JIE
BHa &G MmuL

P E R BE R S5 B B F B
PN E SRR G- S E R/ T A |
WGAAHER BB BN B Z I 5 BE IR, — BLF
FEAR IR G 55 oo Ao, BARELR 250 27 (D) AN
VBB BB AN AL, LA
B RBHB B B RAMIETE T, W1 b6 451
YAk 1 ]

mERE 1 A4l .

TREBHFR

B 20 5 1

1 _
2 Fa ()
k=1
n—1
DR (k)
k=1
n—l1
PORERI(3):
k=1 B

n—1
n—1 D
k=1
n—1
0y
k=1
n—l
DR (k)
k=1

B'B

n—1
2K
k=1
n—l1
PIEC
L k=1




P B A A5 < 0 Al B IO (0 % A5 20 I I . 165 -

n

PSS

k=2

B'Y = | > (k=172 (k)
k=2

EIH) (k*l)IH)(k)
k=2

4 (B"B), W B"Y %t B'B H 5 i 5 i 3k1%
B RE, Hd i =1.2,3, A .

_ det (B™B), _ det (B™B), _
po det(B™B) det(BTB) P
det (BTB)3 .
det(B'B) ’

(DX F DGPM — 2V (1) #5816 FiR B, .
B BB R KR P A V(D) = o, FELLEB AR
BPLR 22 (ARPE) S /b H A% . DL S 82 )1 ¢
BRI A AN PR AR A

1‘,(0) (k) — 29 () ‘
2 (k)

) 1 <
MméRPE——n_lg |

2O (k) = 2V (k) — 2V (k—1)
k=1

) el
S. Z-J:cm(/e) =5 11 7'8;3 + B Zi’ﬂé tap!
2 im1

k= 2,3, ,n.

7

(W F DGPM — = () B 18 L3k BB

g AR ER IR H L 2V () = ¢, IFLLFIM

BV 22 B /M g BB » LS B2 I 56 W 4
R R R LA

Min ARPE = —L_ 3V |
“n k=1

i,(o) (k) — I(o) 3 ‘

n— 1% 0 (k)

2O (k) =2V (k) — 2V (k—1);

11—t o
& — B 1_/’1} — B i
2 i=k

gl

Setod .
P (k) =

k= 2,3, n— 1.

€))

FIFH 32 2 % % ¢F LINGO (8% MATLAB, EX-

CEL &) ] LAAR J5 {5 (9 5K fif DA B RS 15 30 280 ¢,
CuPo B F B IR .

4 MAZBIESHESHT

Hh [ HL R 55 T 3 B A 2 B A K i
W S ) L Wy 9y A DRy — o T 2% B3 AR S i A
2012 4, R [E M8 W ) P BB L 3R 8 2. 42 fC N

WG T 5 B 3 TE & 42. 9%, &8 By MBI AR T
12,594 {270, G ¥ EAE ST E AH K 6%, A
2003 4FHE F 2011 AE IR ORHE T 100 %0 1 4F &2 A5 1
KX — 9k o OO o i BT — A E K, L
o [ ) LG T T 4 A R R R T LA R R
e N34 AT SR I 3G KT S, AT DL R BRI 4%
Wi G R I AR, 458 BRI B A
152020 A H ] P I BEAS FA 58 2] 25000 — 40000
{CTT RSP T BN I 2011 4R/ 3.5

FEAL b 2 I ) B ) B K AN 2 B
T 55 B PR % T A B M i RO G 0 K A, T
HILH B A B A — & i i Ak CRP - S” 7Y 4
KO I H o 2 m A B — 1 38 B AR B 45
WA ) N B A AN A 2 R B M 4 H50bE i Pl 16 <L
SREE R G R i B 0 S ok AR 2 B AT 2
V) AH ELAE 52 . PRI Iy AR SC 45 8 1) B O (2
TR AT DU G b A AR 3K B R G PN A T LR AR L E
T AT DAk 22 56 2 J 1) J 0 00 2 43 mT B B 1 T L

DL 2006 — 2012 4F 11 19 2 1 9 N\ B8 Can
1 Pron, B R IE T b B OECER M & (5 B
(CNNIO) G it %4l ) J 49, 1356 WO £k 25 150K 0
IR ERYE . B 2006 — 2012 4F 1 7 S %icHlE . R
y =L 7774, 5 AR SCEE B IR T ik T A, o =
3432.789.8, = 4133.995,5 = 2023.626 Fl g, =
0. 53096, B§HUK ORI

Pk + 1) = 8813.737(1 — 0.53096*) +

k

2023. 626 - E i7 0. 53096" " + 3432. 789 « 0. 53096*

(9

HR 4 e 1] g 137 5K (9O AT X 2013 — 2014 4 11 9 4%
Wy ) NG AT F0m . ) GMICL, D B (B GM
(1o D BERYFIR) A PG Ak 25 HIOM €5 7 A5 Y 1 A 400 5 93
M5 SRR 1 R,

Hidr, 20062012 4F K R HI{H , 2013 — 2014 4F
R AR

1 BIR, BSR4 B BURF LRI XS 2006 —
2012 43 [ 19 25 W Py N E Y 1 KB40 AH X 2% 25
2. 19 %6 42 BE K €0 A58 700 (9 A 380 s 1 S 1B R 4 o
= 0. 05 Py 24 5, ] TR g . p 1 =X C9)
AL 3K A5 2013 4F 1 2014 4F [ I 4% 4 9 N B
28174. 88 F1 32183. 67,

MR 1 AT LLE o W AR SCH S i (RO A 28
BRI 0, R B AL B A 400 v TR 58 GMICL, 1) B AU g
BGML, DR, 4, 5 CNNIC & A /Y 2013



- 166 - [ 4 TR

2016 4

AR 32 Yk BB ) R R AR S T . 2013 4R
6 J % 3% W45 g P ) IR GR 2 2. 71 LN
2012 4F 12 H IR AH BB, 2013 4F 24 1 K & R
11.9% . 4% e 4 3 B W03, 2013 45K W 45 14 9
NS LB IR AN /3 €k L R KR )
BRI 0 e A5 L 1 T AR 255 6 06, T GMI(1, 1) 4
RUF B GM (L, 1) 455 i F0 0 5% 22 43 3 ok 28 %
1400, B A b A5 1 A B HIOIR €0 AR 7
DL T 5 T AR H GM (1, 1) K2 % & B GM
(1, D) B BA fE 3

Rt 2 DR A3 AT AR SCR EER R (1% S T B L
VEFARCR . 1 T 5 5008 05 50K i — 25 1 Ui W] 2 S
JIT A A TR ) 3 FH 4

5 EEE EEH 8 6 FE RN ARG KRB
R K TR | e R R g s K R Sl i R
T8 TR RS 0T 4 Y G P I A R s K
TR v 3 KT AR B R G A AN ) b T B B A
T 5 26 1 i Dok 75 0 3o ek 7R ok 4SS 400 R 6 4 R S i AP
VR A BE 5 T S U8 1 TR DU R A B KR R B
Z B w3 5 IR R R R IE Y .

D7 BB A2 - A 2. 1356 Dy HI{E . F ik 6 b
W v (H 5 5 B A 1.01324, 1. 3354, 0. 9455,
0.6354,—1.2354 A1 —0. 1335; 27 4 1l 1 15 B 5 ¥
AN LR 5 E S R D R AR T AR R
T R L FLACLE R 0 LR Lk 2.

PABEZH T 5 /> Kdla 11 O s 7 A R A R it 40
56 B AR S TN S EE R0HE AR 34 )
(R A T7 1 » S B S 000 1) 0 A T 00 A 8 i 4% 1)
BEAECE 5 TN R W3 2. 3R 2 OB 4 2R 1Y
P PR 25 5 U 45 R B IR 2R L A A
DLAC i 2% 11 ) 5 B R RETRF 6 o L TR0 1) 5 4l
J 9 B A B R AU O ORI R WA S
H R /DA A 2 00 T B A5 3 17 22 e 2K TR 1) B Al
J¥ 3 B ELAT B 4 A

5 #HiE

AT [ KA S bR R G HR B A R B 82
o s TE S B SR ot A7 AR /DR LB B
W TE RGN IR O R B R A T o B
BEURSY AR SO S B A R 6 T A R F 5 A AR

R1 GM(1,1)EE BEH GM(L, 1) EEANAUEBRRETRENERLER

P iﬁrﬁ GM(1. DR BB GM(1. D ELRY WA A B 10K 0, RE S T
(VPN T {E HXF R 22 (20 T e AHXT R 22 (00) T (e AR 22 ()
2006 3357 3357 3357 3432.789 2.25
2007 4641 6170. 02 32.95 6257. 25 34. 822 4547. 506 2.01
2008 7400 8193. 43 10.72 8314. 54 12. 36 7328. 066 0.97
2009 10800 10880. 4 0.74 11048. 23 2.29 11215. 27 3. 84
2010 16051 1448. 54 9.98 14680. 71 8. 54 15474. 44 3.59
2011 19395 19186. 83 1.07 19507. 5 0.58 19792. 56 2.05
2012 24202 25479 5.28 25921. 27 7.1 24041. 3 0. 66
- P4 R AL AH X 15 2 10. 13 10. 95 2.19
2013 38571. 2 34443.78 28174. 88
2014 53253. 45 45768. 37 32183. 67

R2 ETRAUVBEHNERRETER 6 7 HE SR BBUN X L 54 %

75 IR 31 1< B B4 v KRR e U K RO Se3 I vl A B A e 985 1 ALV EOE 396 U R A AR
FARRCE O BOONEGE  Ran G BUNEGE TR BE UG SRR ACE OO AHE SRR OB R s R T Ao
1 2.1356 2.1897  2.1356  2.2194  2.1356  2.2947  2.1356  2.1017 2.1356  2.1795 2.1356  2.2581
2 3.1591 3.1729  2.9298  2.9306  9.0436  9.1467  2.8471 2.8232 1.8867 1.7867 1.1539  1.1638
3 3.8579 3.8140  4.0323  4.0306 13.6571 13.7764 3.5731  3.6906  2.3671  2.2670  0.4597  0.4538
4 4.4365 4.4825  5.6994  5.7008 19.4619 18.9647 3.3706  3.5775 3.0597  3.1357  0.2779  0.2872
5 5.1943 5.1783  8.2301  8.2298  26.8037 26.6032 3.1633  3.2802 3.9974  3.9774  0.2051  0.1985
R 1. 091 0. 8403 . 5532 3.1098 2.9138 2. 8884
20
6 6.0135 5.9016  11.9544 12.0554 36.1099 36.8161 2.9571  2.9938  5.2485  5.3457  0.1717  0.1682
MR (%) 1.8608 0. 8449 1. 9557 1. 2411 1. 852 2. 0384




el

P B A A5 < 0 Al B IO (0 % A5 20 I I

+ 167 -

e P I TR HOK @R R BT RS L RE S
B ALL I ORI P 5] R R B R K A L O BE S
LB IR ENTZ B M EAE BRI . (8 LR A
SRl LS TR ERIEE y AT . BT S
Bo~Bu T B B I A I b A T T 8 IO (5 e A 7
PIa A F IO A TR R, R S 48 AN A SRR
DT Uy 25 1 R LAAT A0 203 3 PR €0 A Y )
BRI . (A 25 8 31 B BIOK R A R R Ay B Y
Z2REPE R 2T PR B R 00T AR 8 S B ] A 8 H
AR ST A B D0 A TR SR A S UK £ R 1Y
AR ROR R — DT TSI A AR RUTE B F S8R
W75 — a0 5 A8 TR ) A R AR R N A TG Ok
3% R K 6 R G e MF B R AR L DL
W 57 RE S 1R B K (5 22 S8 i /M SR DU A 37 Y 50
AR Rt K e — A E A AT 5T 05 1

S % LRk -

[1] Deng J L. Introduction of grey system[J]. The Journal
of Grey System, 1989,1 (1).:1—24.

[2] Liu Sifeng, Lin Yi. Grey systems theory and applica-
tions[ M]. Berlin: Springer-Verlag, 2010.

(3] X fdvg  XB & Je. GMAL DR 935 FE [E )], R LR
g5 52,2000, 20(5): 121—124,

LA SE B, 25 TR, ) B0 O 645 2 A o 28 R LT 5 LT .
R4 TR L 550 #2008, 28(1) ;156 —160.

(5] RESE M SEME I Wk KA . 45, JK (8 Verhulst #1719 5%
DAt AT 25 BF 7 L) 1. o [ LR 2%, 2012, 20(6)
154—159.

(6] £, 5k e, X A0 8. BA IR 4 BEAL 30 25 R AE i £ 5
B A WO, Y R R 4 B LT L i I R 42, 2013, 21
(1):57—62.

[7] Xie Naiming, Liu Sifeng. Discrete grey forecasting mod-
el and its optimization [J]. Applied Mathematical Mod-
eling, 2009, 33(2):1173—1186.

(8] FIEH. &I BESHMEMMA T 5 GML, 1) FH R
FELD]. M At M A A ALK K, 2010.

L9 FIEHr . 56 MR B ih 5. P A i GMCL, 1) A 3 K H )i
ML) A% TR 5 58, 2012,32(9):1973—1978

(100 FIEHr - SR B ZRXB 6. Jofi GM(L, 1) 8 Y R L i

FILID. s A R 22 ,2011,19(4) : 144—151.,

[117] FIE 8 3 m B L ) JEs. GML, D J ks i 55 25 ek [T ].
RS TARBEIE 5, 2013,33(7):1859—1866.
L12] £ IEHr. £ 08 37 M OB ANFE A IR 3 7 91 K €4 T80
Jrikl)]. il 5P, 2014,29(2) : 270—274.

[13] Wang Jianzhou, Zhu Suling, Zhao Weigang, et. al.

Optimal parameters estimation and input subset for

grey model based on chaotic particle swarm optimiza-
tion algorithm[ J]. Expert Systems with Applications,
2011,38(7) :8151—8158.

[14] Zhao Ze, Wang Jianzhou,Zhao Jing,et al. Using a grey
model optimized by differential evolution algorithm to
forecast the per capita annual net income of rural
households in China[ J]. Omega, 2012,40(5):525 —
532.

[15] Evans M. An alternative approach to estimating the pa-
rameters of ageneralized Grey Verhulst model: An ap-
plication to steel intensity of use in the UK[J]. Expert
Systems with Applications,2014,41(4) :1236—1244.

[16] Dang Yaoguo, Liu Sifeng. The GM models that x(n)
be taken as initial value [ J]. Kybernetes, 2004, 33
(2):247—255.

[17] Wang Yuhong, Dang Yaoguo. Li Yueqing,et. al. An
approach to increase prediction precision of GM (1, 1)
model based on optimization of the initial condition [J].
Expert Systems with Applications, 2010, 37(8): 5640
—5644.

[18] LiD C, Lin L S. A new approach to assess product li-
fetime performance for small data sets[J]. European
Journal of Operational Research, 2013, 230(2) ;290 —
298.

[19] Zhang Yongjun, Zhang Xitian, Li Qinhao, et. al. Gray
theory based energy saving potential evaluation and
planning for distribution networks[ J]. Electrical Power
and Energy Systems, 2014,57:298—303.

[20] Piotr F, Bellegem V, Sachs R. Forecasting non-sta-
tionary time series by wavelet process modeling[ J |. The
Institute of Statistical Mathematics, 2002.55(4) . 737
—764.

[21] EHW R A BEW. 3F X m Ly gt e 7
Rt [a] P 20 (T [T ). 4 B 2% 4, 2008, 57(2) : 714 —
719.

[22] Yang Peicai, Wang Geli, Bian Jianchun, et al. The
prediction of non-stationary climate series based on em-
pirical mode decomposition[ J]. Advances in Atmos-
pheric Sciences, 2010,27(4); 845—853.

[23] LiD C, Chang CJ, Chen C C, et.al. A grey-based fit-
ting coefficient to build a hybrid forecasting model for
small data sets[ J]. Applied Mathematical Modeling,
2012,36(10):5101—5108.

(247 X B0, B, R0 A 50, 45 GMICL, 1) B R ) JL b 2 AR
A MHE A EHRL)]. R LR 58 FH AR, 2014,
36(3):501—508.



- 168 - P R 2016 4

Optimized Discrete Grey Power Model and Its Application
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Abstract: A large number of practical systems have the characteristics of incomplete information, it is
prevalent in the real world of the small sample, and the uncertainty of poor information system provides a
very rich resource for the study of gray system theory. Grey prediction model has provided a useful tool for
the small sample data predict. But, the existing research suggests that grey forecasting model can better
simulate exponential function changes system and power function system, but the existing prediction model
cannot better reflecting the exponential and power function combined effects to the system, so it is difficult
to apply these model to predict the small sample data which effect by complex multifactorial impact. Based
on this consideration, a new grey forecasting model-discrete grey power model is proposed. The new model
add one time power function in the existing discrete grey model, and it also allows the power parameters by
endue any value. So, the time-responsive features of this model can reflect the exponential and power func-
tion changes system, and includes the interaction characteristics of power function and exponential changes
in the system. Based on the new model, taking into account the effect of the initial condition in the discrete
grey power model, two optimization models are constructed with the objective of minimum average relative
error, the constraints of relationships between parameters in order to optimize the initial condition. The
example of online shopper from 2006 to 2012 in China is used to compare the simulation and prediction re-
sults of GM (1,1) model, discrete GM (1,1) model and the new method, the results show that the opti-
mized model has better simulation and prediction accuracy than other two grey models. Additionally, in or-
der to test adaptive of the new model, under the conditions of a given power exponent, six kinds of situa-
tions data Low-growth data,Medium-growth data,Rapid-growth data, Volatility data,Disturbance-growth
data and Attenuation data are genercated by using randomly generated method, and the new model is used
to simulate and predict the rand data, the results also show that the new model has better stability, which
is further illustrated the validity and applicability of the new model. Therefore, the new prediction model
constructed in this paper not only enriches the theory of grey forecast model system, but also provides a
more rich set of tools for the prediction of small sample system under the combined effects of multiple fac-
tors.
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