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Modeling and optimizing the grey model NGOM(1,1) for the

approximation non-homogenous decreasing series
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Abstract: Aiming at solving the predicting problems for the decreasing non-homogenous series, the grey model
NGOM(1,1) is proposed with the method of accumulated generating operation in opposite-direction. The parameters
and time response function are estimated. For the background value and the initial condition have a great effect on the
simulating and predicting accuracy of the grey model, the background value is optimized by using the equations, and the
initial condition is modified by using the expectation function, which ensures the consistency between the two rules,
namely, the minimum values of optimized objective function and the minimum average relative errors. The results of the
case study show that the NGOM(1,1) model has better simulating accuracy compared to other optimized models, which
demonstrates the effectiveness and practicability of the proposed model dealing with the decreasing non-homogeneous
sequences.

Keywords: accumulated generating operation in opposite-direction; non-homogeneous; initial condition; background
value

0 3

EREPR €2 RV IEL 5 FAIE R it
2 31k 20 % 4F 1 R JE, N (B 76 Ak 2 4T3k T
DURTU3 60 TR0 B 8 2 Ik 00 5 G B (1) — AN 25
S PR3 %, S 0 ) B0 A B, 42 98 B 81
TETE 10 P 7 0, 08 1 4 2 R 6 T RS 20 380 R 4
AR 92 J A Hy. GM(1, 1) A TR 2 R €6 T T o £y
TR A o AR, o L R O K M 1 B
Joh A 5 TR LA B3 B 0 28R, TR I 7 2 0 A 4 UK,

[

Wis B ER:
HELmB:

2016-06-02; f&[E HER: 2016-08-11.

33 Tz S BEAE GM(1,1) AR R S LA
Wi, Z AR R AL S RO S i T R 2 A
ML, EEAETAE LN 51 1) 15 54 2otk Wang 25145
T RS AR AR BRI R I T
GM(1,1) 1 B 545 0 00 R W B AR 1S S TRARIO K
o SE AL AT H A, B T RS FE. 2) K
SE AL, 2B A5 R F 1 w22 R ORI 1) S 22 R 1R
BCP36 GM(1, 1) B8 (1 K S HGEAT AR AL 3) W46 5%
AR AL. Dang 268 3L F 55085 SR B L2 (n) fE AN

E XK BRI FE ST E (71371098); L7538 SR 058 AR A RITH B (KYZZ16_0153); B 5

SRR K L AL ST A 5 AL 3 41 H (BCXI16-09);  H1 e im K L AR b 2% 2% L 101 5 4 10 H
(2017301); VL7548 &k EARBHERF A1 H (16KID120001); VL7748 #1RHE 4 5 SR 415 B (16GLA0O1).

EE RN
MK R R FEE T ETA.
T IFA/EH . E-mail: dingsongl129@163.com

TR (1992-), 55, A4, NFRGRGEIE . LB AT

TEHEE (1964—), 5, #¥%, LA TN,



1458 # % 5

xR ¥32%

WIUE %A B8 e SCREPT A Wang S5 10V B T3 72 i /N i
HEF YIRS AEBEAT T 04, 4) A s AR, R
SR d /s ZaRIE R T GM(1, 1) B AR B[] g 37
R B AR AL, 5) BEARURFPET 7T, IEFT U AR
R T GM,1) B [ e 1 5 R FE FR BRI 26 & LA
T GM(1, 1) A5 R TR P SR IR = S5 R R T
GM(1,1) 1 B (1955 45 M il L. 6) 40 FE 155 L AT 7. 141 7
B 2504 S T B GM(1, 1) B R, F 1 33 2505 BF 5t
T GM(1,1) T A 2 H0 R ) i FE H RT R H IR A
PR 76 R 70 R, 238 AN [ A 0o T A 25 g
17T AW A IE, (753 JF A BE % 58 47 Hh bl & A 5%
TR B PR IR B 3 31, 3 0 5 38 2 68 T 0 A
RSN IR RGBSR AT R T AR AR .

SR, IS AE v HP AR TR K A AR5 I i 1
(1) R G AR R 7 1), 1) DA A5 2R 0] I S 04T
BRI 2R AR R IR 2. TR, R T B AR IR
T BURFAE 7 51 () SR A A 3 T o N .
PRE R Rl 3k =S R VE | € e Sa NN )
TR I R P {8 98 41 B 1) J7 V2 0 AR R (4 4 S R
BAT T O FL AR ET AL T R AR EUT 41 1
] B, M T NGM(1,1) B L S bl 4 25081 23 b T
NDGM # B (¥ 2 FURp PE, B0 00E 7 12458 B X6 JE 55 4R
HR 2 T B AT T A s B 5 00 My T A LAk
FRRARHUT HII GM(L, D B 5 Hk S50k 4T T
oAb, E B T AR Y B (R O A R A R0
P T BT RS IR R BB (1 K R, It HAT 46
FAFIEAT T ARAL, R T R A AR TR 28R

5/ 4 1) GM(1,1) B8 TE TE 7] S A2 iR 7775 1)
SEnl I RN [, 1 22 2 3 0 I ) BN A B AR ik
177 BFFE. R v BN 0ot 336 ok 7 51 (R AL FELSR A T
Sl BN, E P FE A ST T GOM(1, 1) A5 2 T
T B B R a3 M A 551220 % GOM(1,1) B2 AL EAT
THRALHE T, R AR EU AR T AB IE T S E M A
S, HES BT 0 Sl o 2 SRR AR HIE B T & )
Sk B F 5 K TR AR AR () R A A, ZE S AT
I BN T 55 S RS IR AR O R A L
FEE 7 8 GOM(1, D) BLAL, ARt 7 A oAl BEAE K
TR R Y Bl (A e, & Pg 1] A W v
I H R, W% 48 GMI(1, 1) 5 28 6k 3 sl A 55 UCRFAE T 1)
TR 25 T 22, 5% 25 K 0 v U — S50 T S AU 1)
R, IX LSRG GM(1, 1) B AL EAT — i i et

A SCAE AR TR IRFE BT HIAN i) B0 AE %7 921
& TRT e o L e B O S B (VE |5 S € =R
I 114 22 807 51) J2 A 0N i) S, ) s 5 0 A A 5% IR

FEET B 1) F 0 AR BROK L TI0I (NGOM(1,1)) 15
), R f /s ek AR Bz S 5 AR AL 1) 2
Hpti vk A 2 IEE B — B AR5 k53 O R B SR AR
3, SR HH BT B B[] o 2P 81 RS 5 b, T
TEANIGE S AR T 2K E PO AR RS B I B B E L AR
SO A AT H A A, F R A T R 2 AR
it NGOM(1,1) #5848 15 48, JF S AR 4k B b bk 24
IS % ZE AT B0 AR HEAH — R AF N R B ) 4R 2% A
s A AL, BE— 25 5 = B RURG B RN P R A AL 1) B Y
Bl B, 45 G S B B, 43 ) 3 A e A A R H ik
B FERE 45 AT RS #T.

1 A BinA R & NGOM,1) AR ) gk

JRE
E X1 B AR R IG5 X O = (20)(1),

z0(2),--. 20 (n)),4 zW(k) = Zx(o)(i),k =

1,2, n, XD = (z0(1),z(1(2),- -
X O IR 1 SN 5.
EN2 WERMBEHFIXO = (2©),
:E(O)(2>, - ’$(0) (n)),ﬂx
j(_l)(k> —

O k) — 2Ok +1),k=1,2,-

{x(o) (n), k =n.

WHFXED = (@ED(1),209(2),---, 20D (n) N
X OV 1y — R S 18] SR BT 5.

Gy, — R Te) BN A B — IO 1) SR 8RR
REWEHE FHzO% - z0E + 1) =
> 26— Y 2036) = 2Ok),k =
i=k

i=k+1

n — 1. B IR E SCRTR, S ) 8000 A 2 Lol 4l
2O (n) 1B RS £, EBOHT B T 46 17 1 2R 042 4
RYRE RIS K EE S AR UTSI 2 &
] SR S, P B e 2 19 25 e, BAT HE TR
G KE T Y MV ER TSN RSP S G ]
5 RS B LR, St BN AR s AN FE 42
fi 7 E R R E B T H s M TR E R,
ST S BT RAL S, E w7 K R R T)
. MR GLRE R AR R 5 B R 2 A, BN AE AR
BEATLUE 2 R GuRe R AR R IR, M A Fon A
J S B R AR Gt e R R T R, A S R
AATTA 6 A BT ER X 3. 0 T E 7 2 08 41 X0, 3
SN A T B X 2 B 3, AL XD B2
I, R AR R I RGN RE R TR R 2
AN B R 22220 0T e RN AE B A X,

,21 (n))

7n_]-7

172,...7



% 8 T A5 MRk AR

WA PINGOM(1,1) 8 A 6945 32 5 14k 1459

YR B R, FOREIDUT 1 X (D) R Ok 1, P % B
F2 4022 T B8 i (10 SR 1 T DL LR AN S FE
PR ZE R £ SR (TR AR R fr e R LI, A SC AT 4R
RO RS A FR IR, H b R sy
R PR AR VR F1 B8, 1477 R SR A SR 4T T
W R LA BT, R 5 LA R

EX3 B XO Jg kG 5 A A, — R R
It B0 A T B X, 2 T 3 O L 5 Uk 4
B B 1 1] B0 A R R € T AR R A8
NGOM(1,1) #57:

1
_ x(o)(k — 1)+ az(l)(k‘) - 5(2]g —1Db+ec,

k=23, .n. (1)
Horr:a AR R R b AN R, e NRAER & 2V (k)
NS FAE, — R R ECX (D [ S AR A1 A R 1.
AR AL TR N
dzM(t)

i +az W (t) = bt + c. )
FE1 BXO, X0, 204 BikE X Fa =
[a,b, c]T ASHF, Hix
[ —2O(1)
. —2(0)(2)
|~z (n —1)
[—2(0)(2) 3/2 1
—20(3 5/2 1
2O (n) (2n—-1)/2 1

U'JNGOM(I DB (1) 8 /N — e B HU TH R P
— (BT™B)"'BTY.
PER BRI (1), 152

—zO(1) + azM(2) = gb +c,

—2(0(2) + azM(3) = gb +c,

2n—1
2O (n —1) +azM(n) = ( n2 )b+c.

R AT B M 2t

Y = BP.
HT P = [ab, " 45 B L B
—m“()+%@k—nb+oﬁ%—ﬁm%—lﬂk=
2,3, ,n), A LRSI R 2R A

e=Y — BP.

W
s=cTe=(Y - BP) (Y — BP) =

- 0 1 (2k — 1) 2
Z(—x()(k—l)—i—az( )(k)—Tb—c) :

k=2
fi s /N @, b, ¢ B A2
0
6—2—22(—$0)(k—1)+az( ) (k) —
(2k— 1)
5 b—
— (k1)
k=2 )
azM (k) — (Zk; 1)b—c) =0,

8 n
0 53 (— a0k

Os

o (—Jz(o)k— 1)+

1) 4 a2z (k)—

Hp

2
-2 (k) = 0.
B BTe = 0, T BT(Y — BP) = 08{#% B"Y —

BTBP = 0,0l BTY = BTBP, il
P=(B"B) 'B"Y. O
EI2 WB.YUEHIFTR,a = [a,b,¢ =

(B™B)™' BTY Bt 5 2 (n) = 20 (n), W
1) EAETTRE 3 (2) FA g (RIS TR 0 7 b5 50

b c b
(1) = (xm) (M- 2n—S+ E)e—aa—nur
b c b
—t+ - — .
a a a

2) NGOM(1,1) BT g e 1] i [ 7 51) Sy
b c b
~(1) _ (0) s = e —a(k—n)
Z (k)—(:c (n) L a+a2)e +

e b
a a a
3) P A S5 A
W (k) — 2V (k4 1),k < n;
2O k) =< 20k), k=n;

M (k—1) —2M(k), k> n.

i 4z =2, WAL TR
dzM(t)

zM(t) = bt
T + az'V (t) +ec.



1460 # % 5

xR ¥32%

A DK H R B2 — P AR IR M E oy T 8
d—m +axr=bt+c

at
SR ARYE — B B IR Ao D AR R E A A S rT 15
r=Geot 2 0 3)
a a a

¥z (n) = 2W(n) = 2O (n) RN (3), 13 28 7]
M 7 bR 50

b c b\ _.o-n
#0(t) = (+0(n) - S-S+ ag) (t=m) 4
bype b @)

a a a?
o O(K) = 20 (k) — 20k + 1) AN (k) Fl
W (k + 1) M HEAKIEXRIA. O
2 ETEREMVGEFHHERALE
NGOM(1,1) H R Hy
2.1 NGOM(1,1) R ERERL T
i E H AT, B RE 2O (k) R R E %
5 1) NGOM(1, 1) 55 84 {14 A5 0L A T2 0 K% 55, v T
P SAE A R, M5 2 SRR
NGOM(1,1) #5284 ¥ 5 A 15 22 SR IR, 0 F 4k 75 72 50
Q) PILLEXE [k — 1, k] FEUAR 15
k
—ﬂm%—1}+g£4jmdﬂt:%@k—Db+a
(5)
WAL U U 2O() = [ 2O ()de A
e SRR A I ML S A DLER T A K
2(k) = (O k) + 2Ok +1))/2
R
k
2D (k) = LH W (¢)dt,
I8 B SEBR T SE 0 B SO SCHUE B 7 R 2R
AL G SEAT AL, DL S E 2 RS
AL T, 7840 R 42 R A5 IS, a8 e S B AR R
s LR A, WO (k) = Cet + BRRMEFH, 3
— IR A BINAE A

W (k) =Y 2O(i) =

Ce*(14et 4. e DAY L (n _ k4 1)B =

CleAk Ce(n+1)A
1—ed 1—eA
B REE TR
k
(1) — 7(1) —
2(k) = fk_l g ()dt =

k 1 _ (n—t+2)A
I e
k—1

1—eA
B[n—f—g—k} -

+(n—k+1)B.

k
At _ _
eMdt+ [ (n—t+1)Bdt
CeA(k—l) Ce(n+1)A
A 1—eA

(6)

NT RAEE S, R TR AL B O, BN R
BT 2T AR UGH T B TN Y 1 B R R 1
Tk, A 3 0 H AT A SR A, A S SRR H 7
FEZH SR, SEL L SE S S E S HUI R AR, 9 T Re g ff
BEFEEE S = 2,3, ,nWBUETEHE, A
FENL AN T R, R I B A A S R SR S

NTMIBRBIRAB.C, 5k =2,3,--- ,n— 1Hf,
AL A FRA:

Yak =i
2Ok —=1) = Ce**Y 1 B, @)
O (k) = CeA™® + B, (8)
2Ok +1) = CeA+) 4 B, )
k=23 ,n—1
T RALE S M g
Aen 2O (k) — 2Ok +1)

Ok —1) — 2O (k)
H = (7) A1 (8) I 2% B, FHARN A, B AT 43 C,
j
C =
(2O (k — 1) — 20 (k)]
2Ok — 1) — 220 (k) + 20 (k + 1)
[ﬁmwy—ﬁmw+1qlk

2O (k —1) — 20 (k)
k+1

(O (h=1) 2O ()" x (2O (k) —2 Ok + 1))

zO(k —1) = 22O)(k) + 2O (k + 1)
AR (8) 73
2Ok — 1) x 2Ok + 1) — [+ (k)]
2Ok —1)—220(k) + 20 (k+1)
¥ZH A B.CRNBUE S FAE A2 715

A (k) =

(45 —B) Ok~ 2@k +1) — (O R}/
2O (k —1) — 22 (k) + 2O (k + 1)]—
x(o)(k -1) - x(O)(k)]k—n-H «
( )
(

}n+2—k/

2O (k — 1) =220 (k) +2© (k+1)]° -

0 /1112 2O (k) -2 (k+1)
x(N@]/{mxmxh—n—ﬂm@gx

[ﬂ%k—ﬂ—&ﬂ%@+ﬂm@+ng. (10)
HrpiaO(k) # 2Ok +1),k =2,3,---,n—1.%4
2O (k) = 2O (k + 1), f12 20 () 55 ¢ il AR A

[x(o)(k —1)—




% 8 T A% mdER kg KR

WA PINGOM(1,1) 8 A 6945 32 5 14k 1461

TR — AT, LI 1 5008 10K/ 24 TR
R
k
2O0) = [~ aM(p)dt =
2 (k) [k = (k= 1)) =2 (k).
SR, 15 5HE -5 R AR E R R — 2L X WU 7R
7 GM(1,1) £ X K1 22 7 S A I BT B v i JiE
MR 156, Mk = nif, AP LR TTRRHRE %
T, RIE, 9 T RERE SR 5 2 () (n), T F A
ERAR.
RS B T R A,
LA TR
Tt 2

M =34, ,nlf,

2Ok —2) = Ce**=2) 4 B, (1
Ok —1) = Ce*=D 4 B, (12)
(k) = ce*™ 1 B, (13)
k=34, ,n.
A(11) - A(12) _
it(13)—-fﬁ(14)fq'?
2@k —1) — 2O (k)
N IOk —2) - (Kk—U
A ADMA2) 5
C =
2O (k — 2) — 2O (k — 1))
2O (% —2) — 220 (k — 1) + 20 (k)
2Ok —1) — 2O pk) 177"
[ﬂ%k—%—x@w—lﬂ
2@ (k—2)— 2@ (k—1)]" x [z (k—1) —2© (k))* "
2@ (% —2) — 220 (k — 1) + 20 (k)
HA.CRAK (1273
2Ok —2) x 2O (k) — 2O (k-1))
- 2Ok —2) =220 (k — 1) + 2O (k)
KRIGESHOIFE S B 7 R — A, v DURAS ol )5 10
;“:‘E"fﬁ_jj

g ik

A=1

%4 (k) =
(n+ % — k) {20 (k = 2)e O (k) ~ 2Ok - 1))}/
2O (] _ 9 _.Qx“D( —1) + 2Ok -
1.(0) k 9 ( 1)]kfn+1><
n+2—k/

2O (k — 2—%®( D) 42O

O -1/

[z (k - 2)
[z (k = 2) =
[ (k — 1) = 2 (k)]
[z (k- 2)
[z (k = 2) =

2Ok -2

2Ok —1) — 2O (k)
{ . 2Ok —2) — 2Ok —-1) X

[“Wk—%—ZﬂWk—)+x@%ﬂ} (14)
HzO(k —2) # 2O (k- 1),k =3,4,--- ,n. 45
30 (10) 1 (14), 153 24 5 TS SHE N

ZW (k) =

2V (k), k=2

k) + 2 0(k)/2, k=34 ,n—1;, (15

zél)(k), k=n.
3 (15) B ANGOM(1, 1) B8 1 el A A 28 2, sk
BT X AL TR U 9T B K (0 A 1 1 S A AL
SR AR AR SR I R A 7 R A R S AE AT R AR,
FLAC RV BUE B R E AP S BGEAT BUE, X T
PR A0 B R A
2.2 NGOM(1,1) =B F86 Rk

— RO R, R B PR AE (D (1) B 2™ (n) 1N
TR AE SR () 46 2% 1, BIARSE B 2 S7 78 0L & il 4R 5 A
(1,20 (1)) 5% (n, 2 (n)) (LR _E, AT R H B ]
M) 1. R 45 1) 2 80 G A I B IASE B 35 22 A 5 SR i,
N T SRR 2 /N, BRI i 2k b — e
28 3k J77 s HOHE R ) R L T GMUBE AL ) 4 2% 1
Pk, ) T2 0 24 6T SJi) S5 0250 43 1) DL B 22 4
Z RN BN FIAR ST iR 25 2 Al /N B xR, Xl
SOV B SRR 43 5] DL BN S 5% 25 7 R B/
R UG 7 Bk 227 5 fil e /N B s, B2 4 T
WIUG AR A . BT B iR E AR
BR B4 R 2 S R B /N B KR 2 2 R /), A
TR PR B0 b 1 T 50 R K 5% 22 i /N AN — B30, AN HE U 11
RS i B T AR AR A OB ASER AR 45 258 5
Fe /N DU B T 85K JEE T A1), 2 AL HE KBS0 TR (1 4
X 1% 22 5 T AH N R 22 S 5 A e /N U B T AR SRR
FE 75, R BA R B [F AR R 2. % TR AR
— B DL 2445 22 A A 1l R AR R 0L B AR 1 48 A, BT
G B B K, T i 2 B2 OO A 0ot 45 2 K, T T
TSR SK5R 22 DR BUAS AT, AR SC A 55 81 (R A X i 22
75 FE R B AT b R B, DURAASE Y (1) P B AR X i 22
BN, SRR 34 TR SRR 1A] A B DLE S Sl
2 TR 5 22 1 5 s /NI Tff 7 28 f e AR AT 0 5%
G

EIE3  7EIEJENGOM(1,1) A i 22 7 J7 Al
N SUR BB R B AR AT G 2 1 A

O (n) =



1462 ECa |

*x R %£32%

[S e—Qak(l _ e—a)Q e—2an :|+
Pt 20 (k)2 20 (n)?2

b c b

-n+ - — —-

a a a

MR 2 F(G) AR AR 227 07 AL L2304 2%
PEAR RS, S5 46 7 51 AR 38T BB W] AR

O (k) =

b
Ge*(l—e ) ——, k=1,2,--- ,n—1
a
b b
Ge_‘m—i-fn—i—g——z, k=n.
a a a
(16)
WILa %A A
b b
#O(n) = Ge ™™ + —n + - —- (17)
a a a

Horp: G RENE, an by AR RV, LAY R X R 72
FHMEF(G) N

b
n—1 2O)(k) —Ge (1 —e ) + —_,
_ a
EE EoTes |+
k=1
b c b
(0) —an _ 2 2 4 7
{x (n) — Ge an a+a2r
x(0)(n)

{E AT RARAS G B A, 2R R AR SR (17) (8 AT SR A5 4
ﬂﬁ"]ﬂ%%ﬁ;ﬂﬁlﬁ%1¢.
& —— =0, A{GME— B .

n-1e=%(1 —e79) [x(o)(k) + q

e
_ a
G ={ FOIRE *
b c b

e |20 — Zn— 2+ 5] b/
20 (n)2

n—l e2ak(] — g=0)2 o—2an

[ 20 (k)2 x(o)(n)Q} '
Fe 2 (18) RN (17), AT 2% A e HRRAR, B HEAS
iE. O

5E 3 R W], NGOM(, 1) AL R4 B2 5400k 2% A1

I PEA B AR KR, A SCHIA At Bk 5
e G SRRV — 3 [ 22 57, SR R SR A P A A G 45
ZE VT RE R TC LI RARAL B Ar R 4L, B8 SE IR AR H
B bR HU S U ZE R IR bR v SR U ) 48—, ) DARE — B4 v
BEAVRE .

k=1

(18)

3 RBISHT

NGOM(1,1) B R {4 28 1 R xd T L9k
T U IR 1 5 R A 3 S AN A R 22, TR X
HAG 156 AR 1R 51 R AR B A A e PR ASLABL A T30 2%
RN T R 7R 43 ULEH AR ST A AR AR T R B AR R
R A, AR S AUM G 4 SC R [21] A ) S T SR,
5458 GM(1,1) 8L . SCHR [21] F1SCHER [22] 177
VEREAT X L 43, B0 A SO A RIOR. R 145
W R AR 2R R A AR N I B
S ) 22 A P SR i 2.

F=1 ELRHBEATREMNARAZSHRE=ETHER

I ]
1 2 3 4 5
A& 8 6.5 5.2 4.5 32

R AR EAR A B LA 5 GM(1,1) AL
SCHER [T ST [22] B2 FH AR SCABEARY, i (6] by )32
Al .

GM(1,1) #& 7

W (k4 1) = —33.407 4792167k 1 41 407 4;
SCHER 214
FW(k+1) = 42.836 6e %2172k _ 15.436 6;
SCHR [22] 4552
FW(k+1) = 44.4199e %1977k _17.0199;
ARSCAEAL:

j}(l)(k) =

17.7333e~0-208(k=5) _ (246 2k — 14.468 3 + 1.834.

F=2 AXHEREGMA,1)ER, STk 21488,
ik [22] IR BVRIIRE B EL R

it JRUEH R 8 6.5 5.2 45 32
HAME 8  6.5086 5.2404 4.2194 3.3973
GM(1,1)  HHXHREZE/% 0 0.13 078 624 6.17
PR A X 15 2 % 2.73
HAUME 8.0201 6.5185 5.298 4.3062 3.2572
SCHR[21]  AHXHRZE % 023 028 18 43 178
ST AR ST R 22 % 1.67
HALME 7.9697 6.5398 5.3665 4.4036 3.1203
YHR[22]  AEXHREZE/% 0.38  0.61 320 214 249
SRS AR K A5 2 /% 1.76

A 7.9017 6.4638 5.2959 4.3474 32174
MXRZE 123 056 184 339 054
SRS AR A A5 2% 1.51

HT & 2 43 A R 200 3 3o b 4 o R 7R R UL R
A DL B, A S A A B 7 2R o iR 22 R 1.51%, 1M
HoAth 3 FRAR A 1~ 35 1% 22 53 il 15 51 2.73% . 1.67% Fl
1.76%. &5 GM(1,1) 58 [ 134138 22 f K, R WML 5t

RSO




% 85 7 NGOM(1,1) 42 AL 69 4 32 5 R AL 1463

1) 1E 17 2 077 255 T g B s ek e 51 10 T A7 AE A
H RS %, ReER 2 FIH RS B, B DU R
ZERER SCHR [21] P B TR 46 GOM(1, 1) B 78 B 4R o Al
T RERLID Y 2R G B 3 Uk AR S 1 [ A e 22, X T
R Uk 7 41 B A 0 RO R (H R R R
A XTSRS B (¥ 52, R b AP 480 4% 22 M 1.67%;
SCHR [22] AR AL AR B8 % 1 S B Ak, o T A Y
A P (HR 6 T AR SO o LA SR IR S 4 30 7 5
AR R M T 4 22, R WL SHE AR A T VA T
JE 35 980 1 %) T 316 Bl A7 76 — 72 1A R B 1T AR SC A
FEIIE RS Y FE 50T 51 1 NGOM(1, 1) 45 8 3 ik %+
B RAEFIYIIR & A AL, 3 — D5 T A
FE, A3 06 1R 22 0K B e 1K 1.51%, R RE —
(e FE PRl R, AR SO RS 55 AR SR IR 7 1 LA
LT (RS B2, F B T AR SO (1 Sz FH M DAL AR . 5
b, LB 7 1 FEABLRE P55 AORE 56, 6t L 0L 6 7 91
5506 5 5 (PR AR AR B2, LA b AR D ml 5 33047 0
(AR, CRAIE AT BRI & 7 51 5 SR U6 7 A AR e
P — B SR L0t SCI AT LG SRR 4
fﬂ%%ﬁﬂﬁ%%%%ﬁﬁﬁ&ﬁ@?

\So|“j£:\$o \xo n)l,
‘SJ|_Z|"E
—so|—Z\x

i*X%%WﬁwﬁfﬂXM%Xm%ﬁi%%mﬂ
KRR H AN

Yoj =

\+*W n)l;

1
) = )] + 5l n) — ),

1+ [so| + s,
1+ |so| + |sj] +1s; — so|
T 15 B AR SO R 5 R G R A 1 46 6 SR K R
0.986 4, Tfif£ 4t GM(1,1) BLHL | SCHR [21] F1SCRR [22] 52
RS BN AL 7 515 SR 46 P 51 2 18] R 406 BB B 43
W290.9804. 0.9844 F10.984 1. H b AT &1, A i 7Y
FEXF T HoAth 3 BB 5 B ARRAE 1) iR B Ay G HE,

F- T p T AT B
4 & ®

Xt F - FER AU AR RS BURF AL 1 8 1,
AR SO T I ABLAE 55 AR 2O A1 I NGOM(L, 1)
R FEAE T S EU /N AR RN B A B R AR A
338 1 Y RE R 2R G0 2 T A R U AR 4 P
imTA@mﬁ’w'ﬁﬁﬁﬂW% LRSSt
PR LU, R B TR B IER D RGN HIN T
AR MR RIZCR, iz FJ7 A 4L AR 5 AR kAT T 10

AL EE, SCBL T SHES B AL, 356, A58
it 7 DAERE R 4G 26 DU AL AR B0 ORISR 2 e 26
PRAEAS—BUR R, S AR R 2 F T Ml N oA R
XA R [ 7] 06 2% A R B Ik . SE AAT 4R
AR A A, B BT T B 1A S N RRCR,
IR FH 240 SR IR BE 73 45 H AN SR R X T i e 3145
ARG, UL A SO R i 1) 5 B AT AL
P,

£ Tk (References)

(1] XZRIe. KRR [M]. BB PR AL,
2002: 2-3.

(Deng J L. The basis of grey theory[M]. Wuhan: Press
of Huazhong University of Science & Technology, 2002:
2-3.)

(2] xIBUE, SEREE, T B8 K
itE.%+%HﬂﬁtL2MM.l&
(Liu S F, Dang Y G, Fang Z G. Grey system theory and
its application[M]. Beijing: Science Press, 2004: 1-3.)

(3]  H#-F, R I, i RECRIER & IR (M]. b
H BRE HUARAE, 2005: 1-10.

(Xiao X P, Song Z M, Li F. The basis of grey technology
and its application[M]. Beijing: Science Press, 2005:
1-10.)

[4] WangZ X, Dang Y G, Liu S F, et al. The optimization of
background value in GM(1,1) model[J]. J of Grey System,
2007, 10(2): 69-74.

ARG B1E SR H] M)

5] FEIEH sereE, ) D0g, 5 s 5w Bt
GM(1, ) M []]. R4 TREB IS 552, 2008(2):

61-67.
(Wang Z X, Dang Y G, Liu S F. An optimal GM(1,1)
based on the discrete function with exponential law[J].
Systems Engineerin—Theory & Practice, 2008(2):
61-67.)

(6] kM, PEAEAL JE T SE AL EZ IE R GM(1,1) 57
WA [T). R LREEIS 552, 2013, 33(3): 682-688.
(Zhang B, Xi G Q. GM(1,1) model optimization based on
the background value and boundary value correction[J].
Systems Engineering — Theory & Practice, 2013, 33(3):
682-688.)

(71 23 25, UK SEUS 38 GML D B (], R4
TREH S 5528k, 2009, 29(2): 100-105.

(Li B, Wei Y. Optimizes grey derivative of GM(1,1)[J].
System Engineering — Theory & Practice, 2009, 29(2):
100-105.)

[8] Dang Y G, Lii S F, Chen K J. The models that be taken
as initial value[J]. Kybernetes, 2004, 33(2): 247-254.

[91 #Ar X, HE. B FAEMPIE & AF RN GM(1,1)
BRT). RS TRES HTHOR, 2007, 29(3): 464-466.
(Dong F Y, Tian J. Optimization integrated background
value with original condition for GM (1,1)[J]. Systems
Engineering and Electronics, 2007, 29(3): 464-466.)

[10] Wang Y H, Dang Y G, Li Y Q, et al. An approach to
increase prediction precision of GM(1,1) model based on



1464

# # 5

F £32%

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

optimization of the initial condition[J]. Expert Systems
with Applications, 2010, 37(8): 5640-5644.

XIS, X1, AR, 25, GM(1, 1) A5 AL I [A] e ] bR 45
LA [J]. PR BERE, 2003, 11(4): 54-57.
(Liu B, Liu S F, Zhai Z J, et al. Optimum time response
sequence for GM(1,1)[J]. Chinese J of Management
Science, 2003, 11(4): 54-57.)

FIEH. GM(1,1) BRI S AL B 9 [D]. B 5 7
TR HUR RS20 5 B2 B, 2007.

(Wang Z X. Study on the characteristics and optimization
of GM(1,1) model[D]. Nanjing: College of Economics
and Management, Nanjing University of Aeronautics and
Astronautics, 2007.)

AR, BRI, RS, GM B 5 25 1 1) R[],
o E B EELE, 2001, 9(5): 39-45.

(Zheng Z N, Wu Y Y, Bao H L. Morbidity problem in
grey model[J]. Chinese J of Management Science, 2001,
9(5): 39-45.)

TS, R, B EGM1, 1) B (0 TR AR A
BEHLEE ()], REETRERLE 5 LRk, 2005, 25(1): 93-99.
(Xie N M, Liu S F. Discrete GM (1,1) and mechanism
of grey forecasting model[J]. Systems Engineering—
Theory & Practice, 2005, 15(1): 93-99.)

FAEH, FERRE, g, GM(1,1) TR 5 A 1 [J].
R LRI 552, 2013, 33(7): 1859-1866.
(WangZ X, Dang Y G, Liu S F. The morbidity of GM(1,1)
power model[J]. Systems Engineering — Theory &
Practice, 2013, 33(7): 1859-1866.)

WY E, h 8 S AR T I Y A1 R S EIOR B
RS PR FC (0], R 48 LAR 5 LT HOR, 2008, 9(5):
863-867.

(Xie N M, Liu S F. Research on the non-homogenous
discrete grey model and its parameter’s properties[J].
Systems Engineering and Electronics, 2008, 9(5):
863-867.)

BEA, SERR I, 0] S, — MR At TR AR K HL
RO [J]. #2515 PR, 2009, 24(11): 1702-1706.
(CuiJ, Dang Y G, Liu S F. Novel grey forecasting model
and its modeling mechanism[J]. Control and Decision,
2009, 24(11): 1702-1706.)

A AR, W5 . NDGM AL (1 48 5T K 50 280 4
B3], RELIES TR, 2010, 32(9): 1915-1918.
(Zhu C Y, Xie N M. Research on properties of
non-homogenous discrete grey model and its predictive
results[J]. Systems Engineering and Electronics, 2010,
32(9): 1915-1918.)

WRo5, B8, AR TR R BUT 51 GM(1L D B RLK
BT, RG LRI 55, 2013, 33(11):
2874-2879.
(Chen F, Wei
index sequence GM(1,1) model of grey derivative

Y. Approximate non-homogeneous

optimization[J]. Systems Engineering— Theory &
Practice, 2013, 33(11): 2874-2879.)
ESL T, A . AR R B K

(21]

(22]

(23]

[24]

[25]

(26]

[27]

JIESEIAI]. R TR 5 SEEK, 2013, 3303):
689-694.

(Zhan L Q, Shi HJ. Methods and model of grey modeling
for approximation non-homogenous exponential data[J].
Systems Engineering — Theory & Practice, 2013, 33(3):
689-694.)

R, HHP. R RN AR B K 5 GOM(1,1) 45
0], BB TR 224 SZIE R 5 TREAR, 2002,
26(4): 231-233.

(Song Z M, Xiao X P. The accumulated generating
operation in opposite direction and its use in grey model
GOM((1,)[J]. J of Wuhan University of Technology:
Transportation Science & Engineering, 2002, 26(4):
231-233.)

o, ARG, SRR E . Sra BEnA R Kt GOM(1,1)
BRI AR AL (7). R TREHR 5 5L R, 2009, 29(8):
160-164.

(Yang Z, Ren P, Dang Y G. Grey opposite-direction
accumulated generating and optimization of GOM(1,1)
model[J]. Systems Engineering — Theory & Practice,
2009, 29(7): 160-164.)

SR, SOMEE, EIEF. Kia RN AR B R
GOM(1, ) AR M RAL [1]. g8 TARHE IR Sk, 2013,
33(9): 2306-2312.

(Lian Z W, Dang Y G, Wang Z X. Properties of
accumulated generating operation in opposite-direction

and optimization of GOM(1,1) model[J]. Systems
Engineering — Theory & Practice, 2013, 33(9):
2306-2312.)

KT, TR T d/— SN B GM(1, 1) B Y A
ST Geik 5, 2011(20): 167-168.

(Liu W F, He X. Bassed on the least one criterion of
boundary value analysis of GM(1,1) model[J]. Statistics
and Decision, 2011(20): 167-168.)

T, RANE. TP AR R 2 L BN
GM(1,1) @B [J]. b RHECR 224l B ARBE i,
2009(10): 29-31.

(Wang Y N, Wu L F. Modeling GM(1,1) based on the
minimum of mean absolute percentage error[J]. J of
Huazhong University of Science and Technology: Nature
Science Edition, 2009(10): 29-31.)

Xk, X, AR, 55 GM(1, 1) BERY A 8] M )97 bR 4
iR 0], A AL, 2003, 11(4): 54-57.

(Liu B, Liu S F, Cui Z J, et al. Optimum time response
sequence for GM(1,1)[J]. Chinese J of Management and
Science, 2003, 11(4): 54-57.)

TR, BEHE. GMQ, 1) BB I AE 73 Hr (7). B R
KA ETREREIR, 2001, 20(4): 110-111,

(Zhang H, Hu S G. Analysis of boundary condition for
GM(1,1) model[J]. J of Huazhong University of Science
and Technology: Nature Science Edition, 2001, 29(4):
110-111.)

(FriEsmst: F F)



