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Grey prediction model of interval grey numbers based on cotangent
function transformation

YE Jing't, DANG Yao-guo', LIU Zhen?
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China; 2. School of Business, Jiangnan University, Wuxi 214122, China)

Abstract: Focusing on the prediction accuracy of interval grey numbers, grey prediction models based on function
transformation of cotangent are established by investigating four typical trends of interval grey numbers sequences
respectively. According to different trends of interval grey numbers sequences, the approaches can be applied to the
upper bound and lower bound sequences of interval grey numbers or the kernel and measurement sequences of interval
grey numbers variously. By this means, this paper effectively extends function transformation technology to the field of
interval grey numbers for grey prediction. Finally, numerical examples and a case are given to illustrate the effectiveness

and practicability of the improved model.

Keywords: interval grey number; function transformation; data transformation; grey prediction

0 5 B

45 9 2 € TR 2 2 B0 T3 AR 5% U
BB 40, TSt S R G 2 A R
B WEHITT I, TR, MR A B R RS T 4. B
A ) O A8 e R S LA A M AL
N BRI T SR . PR A
PR 2 IR0 A B AR, LUK H A2 5 11 9 i %
{7 B8 B A R R L rR, 2008 4R T, 56 $A8 H K i ST
T LR R LA A — (P A S A B Fr i
Sk, BRI SIS IR Y T R B B BT A e, O
UE I T 5 B K- 0 5 A e L T o -9
BT 5 7 e S A A 25 B R O R S = R )
R K Bk S B R AT A (B R T = R R

Yis HEA: 2016-01-07; 1&[E HEA: 2016-03-17.

JE A R0 5, 1638 P Z 7 VN 75 B AT AR A o 5
PETENIX (8] [0, 7t/2] A, FEAT SR ECE H AT GM(1,1) 15
BUBLH, (H S I AR g5 H BRI A 88 07 280 S . 0%
M UG — R A S = A R B E THA R T =
£ oA BT R B A R e, SRR 2R AR RS () AT
B9 K. 5 2 B B, R SR 7Kk 8 - 2009 442 H
— RYNMERENE 24, TR EFHNERREIR AL
8 15 7 A7 AR FEE ) 70 B 2% A DA % R 5 46 1)
MYk B S SE 3 T 0T BR AR 4 V2 I B IR
A, FEASE: RSO RN R BN E
Gf R A PRI M DL ROE AR 2 R 1R ROK; IR K
MM IE HENNBE T AR V) ek B 4. B G, L4
Gy MBEAT T X HOR B — — IR R B 0 DL R R =

EE&WH: ERERBFAESTIE (71071077, 71371098, 71503103); F 5 8 3 & A JRBE 58 42 1 H (201606830039);
VLR AR 4k 2Bl i SR 5T 2 i B KI5 H (2012JDXMO005); YL 7548 3 = A 92 AR B 61 8r &l
Wi H (KYZZ15_0095); AR % 3% LR &0 H .

{EEE N B (1988—), %o, LA, NFHKB RS wHE (1964—), 5, BU%, A SIM, NFEKE

ARG HELFFET .
T IAA/EH . E-mail: yejingjessie@163.com



% 43 "t

FHE ATRAMBMTHRGK A

V& &Rl %t 689

11 BR BOAR 0OV I 7, I LIS PR S i R H I R i
WHEAT T30 UF. BR5 M3t 7 8 B — s Ak
1 bR AR e, FH SR 4R 5 GMI(1, 1) B TR f) 000 65 B, 9
BOAUE T LA b 4 AN IRAIE S . S04 U2 i T AL
ARG S IR R TR e T ARNURS FEE 1) R, g H A R AR
i RS 5 FE G TR PRI SRS B, A 75 e Ak AR
FEIE B HAR.

Xof - DX 1) A B FROIIBIE 2, 273401 32 B g L A]
KRR W38 BT 20 B A S5 5 0K IX ) AR B0 471
AR S B HEAT 0 T A R A, T3S Ji [ [X ]

KRBT B BAEREAT — RPN 2l R0, Hor, da s
ST 2 MO B ) S 46y 5 SRS A BbR HEA S 73 21 1 T

FHR R SR J5 43 B 37 DGM(1, 1) A5 Y T e 438 Ji
JSCAR £ DX ) KR bR 549 BSOS L. S A
ARG A R, M T T A R BOK
JEE 1) DX I) IR A A2V R TS B A i S5 1S 8
Verhulst 52 5 4 J§2 31| [X. 7] 2K #0170 [, 56 F 2K 5 RO
J7 BRI T Verhulst B8, 3 DS B IS8 A K
35 DAAZ A O HE S X R 2R H E () St 8 I 2101 5@
T A VA 2 R B A% T 91 B IR B T A% THI AR 41 11
GM(1,1) B2, ST B EURE R K 70 3 A TR, 3
8 G, 25 T R P E(E X — (R BE, RAT R T A A S O B
0 E BUE AT AR 7 31, LA S Bt 8 A Kb e 2 Bl
AT BE PR/ TR

R RER B AR O EEAN 2T K E
TR Y AR AH DA 50 R 2 AR T2 8UF 4. 6T IX
TEL) 206 5 1 FOU, 24 A PF 5 P R A 05 2 0o AN [ 0
UE 1 DX 1) 2K H05 B (KA [R] A 38 5 12, DR b, AR S0 253
K bR S BB AT B X [ AR H ) T, i — 254
HCHR AR e AR 1 P 9 B 3 P B R O e T
DX ) ¢ 50 2 € T ASE 2R () % . LAk i, AR S I =
i 4% V) B HOBEAT B H503 He, TR1 G o 4 BB AE [0, 7/ 2]
Rk I B AR, A A5 2 V) R 25U — ol okt S 40 Ak 2R
YO R BT xR 2R O (R R 1 R O 3 1K,
e ELE 3 1o T B8 P Sl 8 B T, bt 400 o Bk B
T BRI A1 BN KO B AR R A, 2 R B R R
S — B, BT R VI BRELE [0, 7r/2) bR,
BR B 453 B o R B AT AR B SR 2R, A SO
TR S X AR E A 45 &, @ L5 TR UTeR
K00 DX TR) A ORISR %o et ok 1 X [0 A B0 B0t A7
RALHFIT.
1 EAE KHER
1.1 EXEE.EX

FE1 FFIX = (2(1),2(2), -, z(n))(k
= 1,2, ,n) NI GUBIRITH, A R T e

y(k) = F(xz(k)), W BE 52 = B8 30807 16 T FE 78
BLEAF R F (2 (k)) /2 (k) A 15 U6 R 4L

B2 WFHX = (2(1),2(2), -+ ,z(n))(k
= 1,2,--- ,n) A— BSOS EUT 51, 5 4E 57 R B e
y(k) = F(x(k)) TRRAF(z(k) = 2(k)G(x(k)),
WOV H6 J P P B 4% Ll /T SR 6 7 510 () 20 L, A bR
G (z(k)) 97 H ™k B T F5

EX1 Hykk) = Flz(k)(k = 1,2,---,n) N
JE A7 R E, SR B SRR X 8] AR KT 0, IR 1%
BRI BSULE I DX ) b Ay T 1] B 4

H1 FGMA, ) AL BAT K e Ea 3 i 4L
I 7 B33 AT AU, TR0, [ %) B8 5 A GMI(1, 1) A Y
(A, TE AT B4 AR B i), B2 AR AIE AR 4 J5 7 21 (1 3
LIRS C

FEFIB AR S y(k) = F(a(k))(k =
1,2, ,n) N—al TR %, B2 | F(z(k)| > 1,0
K A 0 3 AR 25 AN AR B N

B2 FIKH® € [a,b],a < b FEHZIE
ARG BB T, 5 @ NESKE K = (a +
b) /2 NIRBIRE. KB T AEAE X (@) = (@1,
Sa, e, @n).

EX3I BWKH® € [a,b],a < b H EFFMT
T ZAE RN IX TR R e/ E [(2) = b — a. KK
MR P HEAE L(2) = (1(@1),1(®2), - -+, 1(®4)).
1.2 RYIRHTIRAMER

SIEB1 0T AESb )T 5, RV R BT e i
re AR SO S R T

iER o > 0l H

2 _cotzx

t !/ —
{co x] _ z(cscx) <0, 0< s < /2
x x?

JIT LA, HH € B RT A AR R U kO A Sk Ry =
cotz(0 < x < 7/2) BEFE & AE FU Bk H1 1O T
7% 0

SIEB2 X T RS gk 51, 42 U0 ek 2R 4 D 2
EE 4 A2 2.

LB KAy = cotr = 2 -
0,0 < z < /2,3y = cotx/xjﬂliﬁiﬁ:@{)ﬁ
BRI H. EHE B2 W) AL FE R U R T B SR Ry =
cot 2(0 < x < 7/2) N ELE 2. O

SIEE3 0TRSO ke 51, A U0 ek B e e Ok
S INNEISALILSSES

UEBA O T B gl e o1, FE X TR (0, 7t/2) b F
(cotz)” = [—(cscz)?]) = —2(cscx)?cotx > 0,y
= cotz(0 < x < m/2) “Hr e HUE R T0. Arbh, d1E
SCURTHLAEAEFEIRT 1 56,y = cotz(0 < oz <
7t/2) A& N ek AR O

SIEE4 RV eR BRI AR e e A8 R R 22 AN

cotx cotzq’




690 # % 5

* R £32%

B/,
WEB A |(cotz)| = | — (escz)?| = 1,0 <
x < /2, T A EE 3R, Ly = cot (0 < o < 1/2)

B AR ¥ 5, 8RR ZE AR B GG, O
1.3 RYIRBT A ARE AL IR R
M SCHR (191, 75 HE BB LA (RS BE LA S H 5
) 7 A, AN [ 185 < 23 (0 0080 2 il e Ak 38 58] 4 A B0 5
9, VLS8 I AR ¥ AR EA T R, B AP BRI R
BXO = (20(1),20(2),--, 20 (n)) NELH
AT, K aOk) > 0,k = 1,2, n, BT
(n — m) BUEAT 4~ Ab 2.

1) AL P,
= (zOk) T, 20 (k) >0,
k=1,2,---,n—m, (1)
33037 0 EAE 7 51

X = @01),292),- -
e (k) >0, k=1,2,--
BHIMT = 1,7 = 2, EE AT = tI, 513505
gt |2 (n — m) — 20 (1) < 0.1, WL
BH.
) MEA. BT = ti, 155
X = (@(1),272), 2" (n — m)),
w0 (k) > 0,k =1,2, ,n—m.

0
7w’§“)(n_m))v

SN —m.

/%\
p= ! Tinasgo)(k)
n—m ’
k=1
x§0)(k‘)207k:1,2,---’n—m, (2)

‘ —m)), 2" (k)
>0k =1,2,--- ,n— m) P EEIR R LA p, 143
B e
Xiy) = (afy (1), ) (2), -+ ) (n —m)),
(k) =0, k=1,2,--- ,n—m,

y
+

M- 3)
p

3) HOHE b B AR 1 S 0 i HdE R A X
(B Y AT 1 2 A5 S BRI PR T R B g itk — 2D
BEE RS 0 BIAEE N 0.1 A4S 0.5 4 1.0 A
DA R /2 4 DB R S5 2 R S e
ii=1,2,3,4).

W B B AL FE R 0.1 72 A7 B B0 25 2 i, B

oy (k) =

q = 10,1 X0 R B, FHER 51

2O k) >0, k=1,2,....,n—m,

-

Ok
0l = 2o )

A3, M EE SN 0.5 AR B g = 2,155
xg‘]Q)(k) 20, k=1,2,---,n—m,
Horp

(0)
sk = 2, )

SRRy | FE AT g = 1,735
T (k) >0, k=1,2,--

,n—m,
Hrp
(0)
zy, (k)
ripg(k) = =5 (©)
MR GO 20 B g = 2/3, 193]
l’;?i(k) 2 07 k= 1727"' ,—1m,
/\EF‘
(0)
3, (k)
) (k) = — 7

HH U, 77 AR TR 4 S B0 S T O A1
XW(i=1,234).

R R HE R K R, S E Ry =
cotz(0 < @ < m/2) AR, AL (0,71/2)
01,005, 1 8 m/ 2 RS R EARE 7 41, 0T
AR g A1), R R R BB (TR > 10%), 5
EEW IR GRS 0.1 /24 K0S AL =S
G, 3X B BB R ROKIE T A m T B8R KT
B ZE B0 (T PR3 < 10%), ) B 3 50 T 46 540 Ak 2
18/ 2 B A O, X R BR R BN E T ILA G
ENGES )

2 FETRYIRER XA KB R

T DX T) A 80 B4 2K €, TN, 2 [ ) =55 s 31 8 s
FU B FHNR SR R e, DL IX RS B 7
3R FE SN, Tk e B AT K TN R A AT e 2 3
1) BRI E BT A X TR AR 7 s T )

X(O)(®) — (®(0)(1)’®(0)(2)’ .. ,®(0)(n)),

®© (k) € [a(k), 6O k)], k=1,2,--- ,n,



% 43 "t

FHE AT RMBHHTHRGX

H BT AR5 54

B = (9(1),6(2), -, 6% (n)),

A0 — (a(o)(l),a(o)@) (0)(71))
BEXT AL, A AT 4 35 00 7 ) 1k
IR TR A
2.1 [XiEx# EFRBIRE . TFBIRRAIER

SXof - 128 X[ B 550 K 0, 25 FE B 1 R S

FRBOR (B 1), TE 75 L BN S R 5 %, 7T 7003

MG BT SR T 534 2 o0l i . AR IS R
R

bR A

B1 XExRHEEFBRE TRBIRROER

DAl E B RFA)

B(O) = (b(O)(l)’ b(O) (2)’ e 7b(0)(n))7

A0) — (a(O)(l)’a(O)(g), a9 (n))

M B,

DIRE L FABEFH G FER, S 1370
AR JEUN] 43 5] 45 21 A HE AL BHE AL PR 5 G

BY = 0" 1),6°2),---,0{” (n)),

A7 = (@”(1),a” ), 0¥ (),
Horbi =1,2,3, 4, RONEHE AR AEAL OB ) B s S5 20

3) R AEAL LT S

B = 0”(1),6”(2),--- b (n)),

A9 = (@9(1),a2), - ,al”(n))
ATy = cot (0 < o < 7/2) AR H AL R, 15 31
R B

Y = () (1), 420(2), -y (),

Y = @01),y0 @), 4P ).

4) %F AR FN BT (n — m) 0, 2 BI3ET GM(1,1)
BB R S5 m TUAE T m 25 BOE F5000 8 & 19
W AE R, B YO = 00),4 @),
y(n—m), Y = 410, y2@), -y n -

) AE 9 GM(L, 1) R T8 B R 01 500, 75 0 61 I [
N2, BV e 2% 1 TR AR B -

A1) = (10— (B0 - Ve @

a

V& &Rl %t 691
y9w+n=u—wmﬁ%w—agw,@>

Hok=1,2,---,n—m.
I3 BAF B O TR 5C T B F SR T A

G m A E Gps(n — m + 1),
m+1), -, o (n).

S) 7 Goi (n—m+1), -+, Gpi(n); Gai(n —m+
1), Gai(n) F I8 J5 AL B CECHE bR 11 40 Ak 22 1) 13 32
CANE]

aybi( )7 yai(n -

Yy (k) = arccot (Gui (k)), (10)
Yai(k) = arccot (fai(k)), (11)
pi (k) = [yp;(k)pal’, (12)
24i(k) = [ya;(k)pql", (13)

Hfk=n—-m+1,---,n
75 30 546 204 1) m A TR 2, (n — m + 1),
S xpi(n); xas(n —m 1), -+ xei(n).
22 [XiE)ZR# EF BRI T A REERER
Xﬁﬂ‘lﬂ:?’éiﬁlﬁ,T‘%fﬁf@?ﬁ{mii‘iﬂ#jﬁﬁ%ﬁi
BT BR AR AR AR ) B AR XU 1A
LT 2). % ik, 51N DX T 2 5 ) A% 5 00 2 P MR 2,
FE 7873 P X 1A K H A5 B B &L Al b, e B A5
FEAL 9 DX IA) A HG P i 5 0 B2 e 31, P kA 4t A e 2t
B BRI R

b, b,

2 XiEREEFBER THREREER

1) AR & X2 F5E X3, 49 5l vk X T K HUT 4
HIAZ FF 5 AN BE 31, 53 45 2
X(O)(®) — (x(0)®(1),x(0)®(2), . ,x(0)®(n)),
L<°>(®) =19 1),19(2), -, ().

I3 S T AR A% e 51 R BE e 51 R
B%Kﬁ

X(O)( Q) = ((0)®(1) (0)®(2)’...,m(0)®(n))’

LO®) = (199,10, ,10g,).

3) MR BRI FE J 901 R W, 8 1.3
(R Ab B I, 3 Sl 45 2R AL B A B S

x(®) = (@"8(1),208(2),--- , 2" &(n)),

LV (@) = (1"201),172(2),--- ,1{"a(n)),



692 # % 5

ERYE

Hrpi=1,2,3, 4, B BHEREA AL BT BE 25 2%
A4 SHFREA A S
x2@) = @"&1),27&(2),- - 2" &(n)),
L) = 1" ® 1), ®(2), W)<m>
BTy = cotz(0 < = < 7/2) (AR H AL B, 15 3
A B
Y = 21,40, 4 (),
mm W W),y @),y ().
5) X FRAR A BLAT (n —m) T, 53 47
WETU B 5 0 STUVE S %8 o, 25 T (L T 0
UEEHE, B2 B
Vi) = 2 (1),422), -+ 48 (n = m)),
n@ @21),y0@),- -y (n—m))
YE N GM(1,1) BT RPN, 9 15 21 B 2% 1) T
e
o (k+1)=(1—e

GM(1,1)
J5£ 1) 56

YW - et s
B+ =0 - (500 - e, as)
Hpk=12-,n—m.

43 549 31 9% 6 0 % T IX 1) 96 500 P
SR JE FE 51 m 25 B FUAE Go(n — m+ 1),
g]@(n))ﬁgjli(n—m—#l),--- L G1i(n).

6) 73K Jgi(n —m + 1), -+, §g(n) Fgu(n —

m A+ 1), -, G (n) VEIE JFACEE CECHE bRk AL B 0

B8, H
Ys,; (k) = arccot (Jg,(k)), (16)
Y (k) = arccot (91;(k)), (17)
2;@(k) = [y5,;(k)pa]’, (18)
l; @ (k) = [y;;(k)pql’, (19)
) = 2RO )
zas(k) = 22;®(k) 2— I; ® (k), @1

Hpk=n—m+1,---,n

73 20 S5 46 2048 5 51 8 m P BB 25, (n — m +
1), - zp(n) Mzzgi(n —m+1), -, zai(n).
23 XEZRFETHFRERESBE L TREEBKRI

15/

AR ZE R R AR b S IO N, i ek
B R ARG, XS, ARG BN AR
SR L (L ] 3), AT SR SR ARL 2.1 715 Y AL 2 7 v 06k
LB

B3 XEZRHLETABRRESE LETREEBANER
24 XEZRFLETHFREEEBE ETEESREMN

15/

R EAE R E AT, AT AL R T
TSR, X PGSR, AT BEAETE AR S 1 AAE X
(15 Ot (L P 4, B0PT SR F 28480 2.2 715 R A B8 5 v )
FRAR.

El4 XEXHETRREHELSE ETREREHOER

3 HEIaSH

WA 4 20 506 X 18] AR B8 e 41 (L2 1) 43 70l xt
LA b 4 T, e B 7 51 BT 4 DO R0 B0, 5 s
1 IGUAE g U 50408 2847 08 Tl &5 S B 38 0E. 53 4, A
AL (R 45 FLHEAT 6F B, 328 FH DX TR) AR B0 A o S AR
(R b Ah B 7 v BB AR (DL R 3E TR ) A
BT X Ta) 2K A% 5 0 FE ) A 53 (DL 331d S
%2). o, B A A GM(1L, D) B A X
TR/ o N 5 71 M 1 S N -8 - TR~ S el )
kﬁﬁ%ﬁﬁ%@ﬁﬁ%%%ﬁ%%%E@ﬁﬁm
% 500 B, BEAT 2 S0l AR, 2 J FEAE A PR 0 o A 3,
33 F R A PIAE. T i i 2 21 S IS TR ) AR
b BT AR B 25 S, xof Bl B AL RN 3 T [X )
IREGHZ 55 I 2 P R ABE 7 Vo R TR0 225 SR, L3R 2.

Fz1 XERHEERT

Fe5 AR K

X1(®)[18.57.21.9] [1620.1] [13.41,18.5] [11.54,17.22] [9.8,15.6]
Xo(®) [544,17] [4.07,12.41] [3.15981] [2.67.7]  [2.115]
X5(®) [20.74,45.5] [17.63,43.96] [14.86,41.89] [12.67,39.11] [10.8,35.7]
X4(®) [20.127] [17.63,23.41][14.86,20.23] [12.2,17] [10.51,14.4]

MR 2 45 R & Y, 4 A J5L 06 [X 8] A K e 1) i it
A% 3C T3 9 Ak BEAG B SR R 22 0 0 A R
VAN T X () B0 5 I BE R 2. e
VRS 2, A5 4G 2 _ER T S R E N




FAH R F AT AR T ) K] R AEA 693
F2 3FAEEIT4FXEREFFIRRB NSRS HNIRE
- X1(®) X2(&) X5(®) X4(®)
ViRvS
TgE R PR ZE% PSSR WINRZE% PSR PR E% PSSR PR ZE %

- 9.72 —0.83 2.10 —0.50 10.70 —0.97 10.22 —2.78
sl 15.89 1.88 5.46 9.23 37.04 3.75 14.59 1.30
s 9.41 —3.99 2.08 —~1.63 10.43 —3.46 10.19 —3.01
ﬁ’ 16.12 3.35 5.47 9.39 37.14 4.02 14.61 1.42
P 9.76 —0.37 2.11 0.11 10.70 —0.90 10.33 —1.75

ST 15.36 —1.56 5.33 6.62 35.93 0.64 14.41 0.09

0.97%, {& T~ 73 P4 Fh B L 1) 1.36% F 3.67%. X T 58 2
PR T, AN SR A 21 1) R TN R 2 6.62% B AKX
TR A 75 8 9.23% 5 9.39%; A8 AT B L 5k
ZEAKER B/, 0T 56 3 P T, AR ST 45 2 1 T
A B B 4T A ANEAS, Y9/ TF 1%, X TR 4B TR,
AT FRET S AP R TV EAT R RE T 5 T
K 6T B F BT A B TN R 2 —1.75% 4a
H/N T —2.78% F1 —3.01%; F F-i% % 0.09% 9 [FAEAIK
T1.30% H11.42%. P3P, AR TR Z
P T X [R] A A T A0 T AR PR AR AL (1 &5
BRI FH Y LA, R P A
4 SERISHIE

HEHL 2005 ~ 2014 £E KT = M X (45 _Eifg
i TLIR3E RIHTVLA) N 35 Tl B /K HE & (/)
{140 X 1) 5040 A S S 48] 36 0IE A SCREAY . [R5 2010 4E 54
i B S5 38 B, WOR B AE AR 75 v (R 2009 45 5
2011 4 H0 5 (I 2418 B #2010 4F 0 52 B, | Ik 75 31
3 s BE P 4. MR A1) BT FE I
s 7 415 56 3 PR AR AF, SR HL 2.1 45 P R AR
. o, BL2005 ~ 2012 S 3R 306 s g ol
BEAY, FH 2013 12014 45 H504 56 10 TRIIAS 28 (104 .

Fz3 2005~ 204 FKT =AM X A Tl Bk HER =

o AT BK R o AT RKHECRE:
2005 [27.03, 39.05] 2010 [18.82, 35.98]
2006 [24.61, 39.35] 2011 [19.00, 33.39]
2007 [23.05, 39.03] 2012 [20.04, 32.03]
2008 [20.60, 38.46] 2013 [18.80,29.77]
2009 [18.64, 38.56] 2014 [18.10,27.12]

RIMEAERIET (LG iHES) (LS
FEED L (VL BLTHE S ) (2006 ~ 2015) H T HECE
A AEN DB AL /).

R4 PP R ZE TR, RS AL = A
iy XN 4] T 7K HE TS P o) & S B A T R e
Pl i, AT &4 43 b F FETOIE 1R 2 R B, A
STV R 2 S B AR FRLE 12% LLTF, T A P 5

i R A P 14%. WP TR 2 k&, 1E
55 1D RN, AR S5 1 #4938 2209 5.22%, 1 53 P
P ITVEIIAE 7% LA b 55 2 58 TR I, A S5 10 1)
RENIIRT 7 PRI R SR Ry, Hh bk, R WY 1 Ay ik
52 F A

T4 WAL= AMBX AL

Tl 7k HER 2 B FUINR 2= %
\ 2013 2014

7‘5“{2 N iy N 5 iy N
TR ZE  CFRE WlhRZE CFRE

- —7.72 - —8.18
il 7.29 50 13.82 11.00

- —7.46 - —7.89
it 790 .33 1379 10.80

. —6.17 —6.22
ATTE 4 o7 5.22 1151 8.87

5 & #®

DX TR A K B A € I A8 — LA~ AT T80
TR L AR SO KA AR R A e is
T X TR R g rh, A Aot s T X TR R
H BEHE G LB B SR 22, CRAIE T HiE A1 )
I REE, TSR 1RSSR S A, a X X[ K
HAFME TR0 18, B T A FE TR N B
T3, % S bris TR A BT RI4R SAE M. a5
173 Hr SN IGAIE, SR 1A S AR B s &
S PR DX TR) AR B P 51 o P9 A E A J2 A A B g, P
DL, 368 1o B0 A2 #oxk DX 1) AP B R AT 9 RrALE I DL Ak
SR, RAR KM AR T BRI —
ANTTIA.

2 S Hk (References)

(1] &3 BRE. K GM, 1) BEAY K FLAE i g B T o
(KINLH ). BB EEEAR S R, 2006, 25(3): 24-26.
(Cai Q, Chen P. GM(1,1) model and its application in the
power load prediction[J]. Techniques of Automation &
Applications, 2006, 25(3): 24-26.)

PRI, JOCHR. GM(1,1) B BR RO 98 S AE il Tl

KRR R 7], R TRELR 5 SLE, 2005,
25(3): 140-144.

(2]



694

*

R £32%

(3]

[4]

(5]

(6]

(71

(8]

(9]

[10]

(1]

(LiJ F, Dai W Z. Research on the ameliorating GM(1,1)
model and its application in the power quantity modeling
of Shanghai city[J]. System Engineering— Theory &
Practice, 2005, 25(3): 140-144.)

5 B, X1 HE. GM(n, h) 15 A8 71 4 Ko AR
BARFVERT ST (7). 42115 H 5, 2009, 24(9): 1294-1299.
(Xie N M, Liu S F. Research on property of GM(n, h)
model under data multiple transformation[J]. Control and
Decision, 2009, 24(9): 1294-1299.)

BEAS, 0 B, R, S5 K €8 Verhulst T A5 Y ) $ofe
REPE (3], 456015 5, 2013, 28(4): 605-608.

(Cui J, Liu S F, Zeng B, et al. Parameters characteristics
of grey Verhulst prediction model under multiple
transformation[J]. Control and Decision, 2013, 28(4):
605-608.)

WV, VBRI, AR G PRI 2R F 5t (0] 3 7 IS Ko
4t HARELERR, 2005, 28(3): 262-264.

(Chen J, Xu C X. An improvement of grey forecasting
model[J]. J of Liaoning Normal University: Natural
Science Edition, 2005, 28(3): 262-264.)

7 AR A O R FE T BR B cot @ AR i Y K £ R LTS
%) R4 LA, 2005, 23(3) : 110-114.

(Li C F, Dai W Z. An approach of the grey modelling
based on cot x transformation[J]. Systems Engineering,
2005, 23(3): 110-114.)

R, ) . 5T R 2 cot o AR e (1 K 8. GM(1,1)
BV [T]. RGAE, 2008, 26(9) : 89-93.

(Guan Y Q, Liu S F. An approach to grey modeling based
on cot x transformation[J]. Systems Engineering, 2008,
26(9) : 89-93.)

B K, 56 . — bR B HOHE AR e R e AR
GM(1,1) B B e (g BT[] R 48 TR S BT 3R,
2009, 31(12): 2879-2881.

(Qian W Y, Dang Y G. New type of data transformation
and its application in GM(1,1) model[J]. Systems
Engineering and Electronics, 2009, 31(12): 2879-2881.)
BE L A5, X B UG I T B AR R (1 K £ T A
TI]. REGTHE, 2010, 28(5): 104-107.

(Cui L Z, Liu S F. Grey forecasting model based on
data transformation technology[J]. Systems Engineering,
2010, 28(5): 104-107.)

BESLE, X S, BT = B ese o R AR e B R
TASE AL [C). 5619 i 42 B K (8 R G2 R 2 Wig 3
£. Jb3, 2010: 225-229.

(Cui L Z, Liu S F. Data transformation technique for grey
forecasting model based on trigonometic function[C].
Proc of the 19th National Symposium on Grey, Systems,
Beijing, 2010: 225-229.)

WRo7, 80 55, — I i B 28 e S HL X 4 e AR T S
FEM A RETE L D). g it 515 B g1z, 2012, 27(4):
27-30.

(12]

[13]

(14]

[15]

(16]

(17]

(18]

(19]

(Chen F, Wei Y. Study on transformation of a new class
of data and its validity to improve the grey prediction
accuracy[J]. Statistics and Information Forum, 2012,
27(4): 27-30.)

SR, HEF, B . bR R O K R
AR JEE A 52 (). 72 1 55 1R 5K, 2015, 30(7): 1251-
1256.

(Guo J H, Xjao X P, Yang J W. Effect on grey
model’s smoothness and accuracy by using function
transformation[J]. Control and Decision, 2015, 30(7):
1251-1256.)

s, X R, g XA A PR A A £ R T A A
(R 2 5 B BIF 9 (0] 4% ) 5 5K, 2012, 27(5):
773-776.

(Meng W, Liu S F, Zeng B. Standardization of interval
grey number and research on its prediction modeling
and application[J]. Control and Decision, 2012, 27(5):
773-776.)

FRIpeE, X g, 77 BBk, BT R BOR FE IR X 8] 2K
BTN J]. R LRS5BT HOR, 2014,
36(6): 1124-1129.

(Guo X J, Liu S F, Fang Z G. Self-memory prediction
model of interval grey number based on grey degree
of compound grey number[J]. System Engineering and
Electronics, 2014, 36(6): 1124-1129.)

P U, 0] FE W, . R TR RS JE I X 1A A £k
Verhulst #58 [J]. 2] 5 $R 5, 2013, 28(2): 264-268.
(Yang D L, Liu S F, Zeng B. Verhulst model of interval
grey number based on kernel and information field[J].
Control and Decision, 2013, 28(2): 264-268.)

Ve, X KB e, i, A B A 00 AR A6 1 D R O
BRI K HL N 0], S R, 2012, 27(9):
1359-1364.

(Zeng B, Liu S F, Meng W, et al. Prediction model of
discrete grey number with subjective valued orientation
and its application[J]. Control and Decision, 2012, 27(9):
1359-1364.)

Wei Y, Zhang Y. A criterion of comparing the function
transformations to raise the smooth degree of grey
modeling data[J]. J of Grey System, 2007, 19(1): 91-98.
I S0, 7 A, T . B T AN Y X TA) K s
FAEWL AL TR B T HOR, 2010, 32(2):
313-316.

(Liu S F, Fang Z G, Xie N M. Algorithm rules of interval
grey numbers based on the kernel and the degree of
greyness of grey numbers[J]. Systems Engineering and
Electronics, 2010, 32(2): 313-316.)

Ye J, Li B J, Liu F . GM(1,1) forecast under function
cotx transformation[J]. Grey Systems:
Application, 2013, 3(3): 236-249.

(Tt : L)

Theory and



