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KEREERANNEFAEIEERRE - ERECEAN —ENXRABUNKEE, Bl
XHeEar cafE BIER. R, REEMERNER, ZEAKEAFEAMOME | LR RS
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AERIT AR MR AKX KEBRERY A EERE N AXE ERTERER b, #id
SHEE G NEME T HITES REBREK T, RUX—KEEMEFRERER, L
HHRIX G E TR AR R RS, T CHERANER.

§2 HAME
EX2.1M BEGEITAREFFIAX = (2(1),2(2),--- ,z(n)),
1° #Vk=2,3,---,n, Hz(k) —z(k—1) >0, MFHX KB MK F;
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2 Fvk=23,---,n, Bz(k) - z(k—-1) <0, WHRXARFZRFF;

30 EHELK €{2,3,---,n}, Belk)—z(k—1) >0, z(k') —z(k’ — 1) < 0, MFRX A%
FE5). &M = max{z(k)|k =1,2,--- ,n}, m = min{z(k)|k = 1,2,--- ,n}, KM — mAFF| X
&

ENX2.20) WRETHERFIIAX = (2(1),2(2),- -, 2(n)), MFR

_z(n)—xk) , o
rik) = (n—k):z:(k)’k_l’z’ ; 1

MBI X Mz (k) EBlz(n) R FERLE,

EX2.38 WRLETHEBEBEIINX = (2(1),2(2), - ,z(n), XL1dD EA G F5
WHXD = (z(1)d,z(2)d, - - - ,z(n)d), WIRDAFFFIEF, RXDAHEFIERFF3.

RIFE A LAE X EME TFIERAFS, EmEFERRFIHEAXDM™, dd- - dR7FmANd, U
HXD™ = (z(1)dd---d,z(2)dd---d,--- ,z(n)dd---d)).

A1 (FNEAE) B BXHRGEITHEEFY, DIFFIET, EFERFF
WXD = (z(1)d,z(2)d,-- ,z(n)d), W DiFLz(n)d = z(n).

AE22 (ERESAALE) D RETAHRERFRIXFHE — M EHBek),k =
1,2,,-- n#MNAS S 5HFEANETE.

NTE2.3 (BT LAE) UEE(k),k=1,2,, - , nEATHE —NVERITLE R

e FR=ABENETD RABHET, XD = (z(1)d,z(2)d, - -- , z(n)d) HBHFFF).

EN2.48 X AHRGITAEEFS, DABHRET, YXFF AR EHKFH, RiAE
15T 3 iR 7 7 5 B

1° FEEPFFIX DRI F 51 X i) 38+ 8 B (3% 3 i 7 1) R 22 (BN R 1B vk /), PR
1D AR E T,

2°  FFEMFFIX DL JR 86 T 51 X B 18 4 1 B (B 2 vk 2 A ) n Bk (BR 4R 18 38 X)), B
FD AR HETF;

210 RRELETAREFINX = (2(1),2(2), - ,z(n)), BWFF HXD =
(z(1)d,z(2)d, - - ,z(n)d), H4

1° XAHEEEKFIN, ADABUENE F—z(k) <z(k)d, k =1,2,--- ,n; DX&K
ZMEF—z(k) >z(k)d, k=1,2, - ,n.

2° XANBRFRBFIIN, ADAFUENE Fe=a(k) > z(k)d, k =1,2,--- ,n; DXELL
BZMWHE T <—=z(k) <zk)d, k=1,2,--- ,n.

3° XARGFIIN, ADAFUENE T <= max {z(k)} > max {z(k)d} , min {z(k)} <
max {z(k)d} k= 1,2,--- ,n; DABUBEME F = max {z(k)} < max {z(k)d}, min {z(k)} >
max {z(k)d} ,k=1,2,--- ,n.

ME 2. 15, BAMKFIESHKERME FIERT, KWK, FRENEFERAT, &
WEGT, LN ERFAESURMETERAT, 8B EE, AR UENETHERAT, BUEWK.

§3 ZEMHETHIMIE

Ay = (-’E(l)dt—Wg x(z)dt-—-Wv e 1$(n)dt—W)at =0,1,---,
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et +1)+ -+ ntz(n)

z(k
> i
i=k
MARBX ARk, REERERSGF, Diw(t=0,1,2, - ) EASFUENFHET.

iE ASRIF, BFDw(t =012 )BHIEMNETH=128, AMEAEHHF
F XA BB SRT,

ktz(k)+ (k+ 1)

I(k)dt—w = >k - 112’ on kgl (1)

ktrz(k) + (k+ 1)'z(k+ 1)+ -+ nlz(n) — f: itz (k)
z(k)dy_w — x(k) = - = =
3,7
i=k
(k+1)[x(k + 1) — z(k)] + - - - + n’[z(n) — z(k)]
5 i
i=k
FrUL X A BRI FSE, Diow(t =0,1,2, - VABUEMEF. X TR IFZERT I %5
3 AT LARALUUE BA.

BATRRD—w (t =0,1,2,-- )RR EF(t — WBO), XD,—w(t =0,1,2,--- )tk
ST TERFS. 5t = 0Ff, ORFFHERIE T (0 — WBO) A TR0l X #F 551k
ZMHT(AWBO); 5t = 18, 1IRFBUENETF(1 — WBO) A CERIO 1 g sk 5562 nh
T INACE 155 R R 5T R 65l (W AW BO).

EE3.2 WARAATABERFINAX = (2(1),2(2),-- ,z(n)), & .

XDy g = (x(l)dt—S’ x(z)dt—-S) U ,$(ﬂ)dt_5),t =0,1,2,---,

Hepz(k)d,—s = x(l)ﬂ(zﬂ.'(.:f2()kk~_11)+(t+l)kxw,k =12+, B=1;

20,

z(n)di—g = z(n). (2)
W24 X 0 BRI K e AR AR, D,_s(t=0,1,2,-- ) EANBRUEHIE T
W HFD _s(t=0,1,2,-- \EHLEHHETFH="AE k=1,2,--- ,nbt, H
1 - [ TR k—1)+ (t+ Dkz(k

(R, — ) = z(1) + z(2) + (t:wz()k_l)ﬂ + 1)kx( )_x(k)=
(z(1) — z(k)) + (z(2) —x(k)) + - - - + (x(k — 1) — z(k))
(t+2)k—1 '
BXARRABEKFIIN, z(k) > z(k)d; XA B PREBFIN, (k) < z(k)d, FFD,_g

(t=0,1,2,---) ABEMFPHET.

BATHED;_s(t =0,1,2,- - )ALRBUEMNE F(t - SBO), XD, s(t=0,1,2,--- ) HtIKIA
WEAE TR, 2t = 08f, 0UGRILEMHE F(0 — SBO) K TR & X —Faa i B
¥, KRB RN E FERFIRE L — ISR R,

B2 BE3. LRI e BH3.20] 41, tIRSSU AR LB FERFFIHEEE REIT A EIERF
FIX = (z(1),2(2), - ,z(n)) MVIFLEZEBRN.

84 ZMPE TR
EX4.1 BAAn x n PR, HEMTEALE, X = (2(1),2(2),- -, z(n)) AndEfT A
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B RESY = XANEBEARNSHE BT, FRAHEHERERE.

£X = (z(1),2(2), -, z(n)) A REITAEEFF, DAFINET, 3B THERFIIXDE
MR RER, BRDARMFEFE T, BE 4150t RSEUWEME TRt KBUEFE T
RAWFHEF, HAHA _wHA,_sFnt REWEMEFHEREMN KoaUENHE THE, A7

( L ] i 0 s 0 0)
igl it
2" B 3w 6 o 0 0
E it E it
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= = . 0 0
At—W = Z it E it Z it -
=] =2 i=k
(nn—l)' (nﬂ—l)‘ gn';—l)' gnn—lg‘ 0
it Y it . at Yot
i=1 =3 i=k i=n-—1
n' T wes KSR (et MU |
\ Z it E it E it it )
1=1 i=2 i=k i=n—1
( 1 ! O P 1 0 \
(t+2)2—-1 (t+2)k-1 (t+2)(n—-1)-1
o {21 1 1 0
(t+2)2—-1 (t+2)k—1 (t+2)(n—-1)-1
. (t+1)k 1
At-s = 0 s G+2)k—1 7 @+2)(n-1)—1 0
t+1)(n—1)
0 0 - 0 - (t(+2)(n-—1)—-1 0

0 " - [ 0 1
t RSUEMNHE THREA_w A T =AEATEERE, ¢ mﬁ%%mﬁﬁ?%ﬁﬁ}ﬂm_sﬁtz
MR, ERPE THEREXT, BHENEFEAFRFI AR5 —1t.

X R 06 B R 5 it LR vh B, RALBRVEBR rP B X R AT ABEFFIME W, AF 4
BRI R, MEME I REIT ABEFFIN —ERMETEH, T2 UEBE FIER
FHIEFRTRH, XN TERAEFHENENERATTUFLU TS R:

EM4.1 BARASEITHEEFIIAX = (2(1),2(2),--- ,z(n), mPrtXErE FIERFES
AXDM™ BIXD™ = (z(1)dd---d,z(2)dd---d,--- ,z(n)dd---d)), WH

XD = X A, (3)
Hh At IRSSUWERMPE TR DGR Z M T4 RE.

iE m = 18, XD = XD = X A R

R&m = jit, MEHERPEFERFFIXDY = X Al;

m o= j + 18}, j + I &EE B FERFS A

XDU+Y) = (XDU)D = (XA})D = (XA} A, = XA,
I 2 A A AT A AR E B m &8 Rar.
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§5 ZMMETHRS

EAHEME FEMEA_w ~ As A F. E=MAETUEM, BTUAARGRSE M HE FHERR
Fef5EPEH LLT R
% R5.1 tﬁﬁﬁkﬁﬁﬁ?iﬁ%%ﬁﬂﬁﬁ%TE%%WTﬁﬁME, ER - IRt T VW
(00--- 0 -~ 0 1).
5.2 t75\”9&%%?‘4’2@?%@’#5“]%5&5%#}1‘,5%%ﬁfTiE%EIE, HEE—%cER
(00--- 0 - 01).
EE5.1 #FA At IRFUEME TR, NAA;. AjANSHEBUEMNE FHERE.
W AL ANt RSEME THEME, BPEmEs 1IRRAEEAA; &G —FITEN(O
0..0... 0T HIEANBHFIHE LA AAE, HAA. AAAREGHME FENE. BRS
ITABBFEINAX = (x(1),2(2), - ,z(n), S FRBEWKFH), HEFHEEA,. ARERFFIH
BY;=XA:;>X.Y;=XA; > X , HTAANERFIIBREY = XAiA; =YA; 2 Y, =2 X.
BILEH A A, MRS5S BB FAERE. X T R RUF 5 A LARLIUERS, R ATIEA, A A2
Hss e R B 15 R
FEFE5.2 A A At KORLEME TR, WA A A;AASEBREE M E TR
W e FR5. 1R LIE BA.
SEFES. 1R EH5.20] LA B, deksSLERIL B E 7R SRS FREEH F A,
MBENETHEA, = A, AEHE41Fm = 2001 5.

§6  SLH
RN A HEAREFE dh, X AHEMWMRITR.
A L

H 1 2 3 4
W (iAo 50.2  58.4  64.8 752 701 83.3  85.0

HEIVHEZCWAHETHEKESF H16.33%, 10.96%, 16.05%, 5.19%, 5.31%,
3.12%, RiN-EBorsgKEEA LG LMo Kt tR, ASUEhE 7O RE S F 53T ER
K Bk R SR B 8 rh s R E TR

THELZEHERM = OKBUEFENMERARMER, Hal6T™AMNSESTR LK
BGM (1, 1) BEREERI7TA 4 S, g R NR2. FIFHGRIS S M E 73 FE G54
TER G, MRS BIRE, FHMXIR%0.66%, HAlZ(7) = 86.9(J770) , HLIME MM AR
#1.2%, DAL R. MARE/NOEE (2) MRN8 HMHISER, H2(8) = 90.1(FT).

62 MR ELRY B bE A

RS S ML, L Ll caatid E(TY b guRe i
Fik + 1) = 659 490¢0-0BTE _ 60g 206 2.51 %3 0 5.3
2t Ag.w (k4 1) = 2027 996e0-DIOF _ 1959 406 0.66 86.9 1.2
gt
§7 Hwe

XEME THRSUERPE TRt KBUERT T, BETEAN—BEME T, HH&M%
AR X TR E R, A T OXREHRE THOMISERIT S, JHER M ZRERE TR
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Jtk B TR RS, FALHENETHENRMERTERFL, BJs Urhdiis) R
GiAT X MR FEF) 0 R EOR, I TR A AMAE RS Rt SR EEE AT R A
JE A AR AT R (48) W, RIS GRIL) Zrh 116 A w7 LUE BR o PR3 R 20 R ia 5K
T, ARREETNLER S AR AR RERE T T UM S0
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Matrix of linear buffer operators and their applications
GUAN Ye-qing, Liu Si-feng
(School of Economics and Management, Nanjing University of Aeronautics and Astronautics ,
Nanjing 210016, China)

Abstract: Under the axiomatic system of buffer operators, some weakening buffer operators
and strengthening buffer ones are established based on linear behaviors.The definition of linear buffer
operator matrix is given, the characters and inherent relations of these operators are studied, and the
formulas of m-step sequence worked by buffer operators are proved. An example shows their validity
and practicability.

Keywords: buffer operator; linearity; matrix
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An Approach to Grey Modeling Based on cot (z*) Transformation

GUAN Ye-qing,LIU Si-feng

(College of Economic & Management,Nanjing University of Aeronautics and Astronautics,Nanjing 210016 ,China)

Abstract: This paper mtroduce the method of trigonometric-power function transformation against the modeling standard-

ized data is put forward. It has been proved the oretically that the smooth degree of data sequence can be greatly enhanced

by this function method, which turns out to be more effective than logarithmic function method and power function

method. So the method can widen the range of application of grey modeling. Example verification indicates the practical

result shows the effectiveness of the proposed approach.

Key words: Grey Model; Smooth Degree; Function Transformation; Discrete Data Sequence



An Approach of the Grey Modeling Based on
Cotangent Function Transformation

GUAN Yeqing
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Abstract—In this paper, the method of trigonometric-power
function transformation against modeling standardized data is
put forward. It has been proved that the smooth degree of data
sequence can be improved. This function transformation can
greatly improve the smooth degree more than logarithmic
function transformation and power function transformation. So
the method can widen the range of application of grey modeling.
At last, the practical result shows the effectiveness of the
proposed approach.

Keywords-Grey Model;Smooth Degree; Function Transformation

I. INTRODUCTION

Grey system theory which has been developed for near
thirty years, is widely used in many fields such as industry,
agriculture, ecology, economy and scientific research [1-5].
Describing system with model and model system is an
effective approach to quantitative research. GM(1,1) (Grey
Model with first order and one variable), which is an
approximate difference and differential equation model, has
broken through the general modeling demand of many data
and the limitation of unable to obtain differential nature
generally. To improve the accuracy of forecast model, many
people have been studying new modeling technology in

practice [6]. The smooth discrete condition of grey modeling
k-1

is that x(k)/z x(i)k is the decreasing sequence about k [7],
i=l

therefore the main research works are focused on making

sequence satisfy smooth discrete condition by using function

transformation. The methods, which improve the smooth

degree of original sequence {x(o’ (k),k = 1’2,...’n}by using of

the transformations of logarithmic function, power function,
logarithm-power  function, exponential function, and
trigonometric function respectively, are presented in [8-12],
and have obtained more satisfactory results in practice.

In the paper, on the basis of previous studies,
transformation of trigonometric-power function cot(x ¢ )
(e =21) transformation is put forward to enhance the smooth

degree of original data sequence. First, the original data are
standardized to inside the interval (1,(”/2)”"), in order to

make cot(x”)(a=>1) being decreasing function in the interval.
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Program of National Ministry of Education though Grant NO.20020287001.
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Then, theoretically, the natures in enhancing the smooth degree
of data sequence are studied about the method. Finally, an
example presents the validity of the proposed approach.

II. PROPERTIES OF SMOTH SEQUENCE AND SEVERAL
RELATIONAL CONCLUDE

Definition Let X be a non-negative sequence,
XO = (xO1),x2), -, x0(n))
when £ is sufficiently large, for any £ > 0, satisfies that
x{ﬂ)(k)
B, F
Zx(o)(i)
i=l
Then X is said to be a smooth sequence .
Theorem 2.1 Let X be a sequence,
X(U) == (xw)(l)axw)(z)a' = 'axw)(n))
Thus X is said to be a smooth sequence, provided that
(0)
x (k)

3 x(i)

i=1
is a decreasing function of k.
Theorem 2.2 Let X® be a increasing
X = (O (1),x(2), -, x(n))
and x(1) > e, thus

sequence,

Inx® (k) S xk)
Zlnx(o)(i) Zx(o)(i)

is a decreasing function of k.
Theorem 23" Let X be a increasing sequence,

X0 = (@O 1),x7(2), -, x"(n))
and x(1) >e,a>1, thus

-xM(k)

nx”%) _ x9%)
k-1 s

< - =X T
Za“(m“) kzlln @) ix(o)(i)
i=1

i=l i=l

is a decreasing function of k.
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