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Abstract: Any complex system must be controlled by some basic laws, including macroscopic level
submicroscopic level and microscopic level laws. How to discover its necessity-laws from these contingency —
phenomena (observed data) is the most important task of data mining (DM) and KDD, and it is the goal of this
paper too. Based on the evolutionary computation and natural fractal, a multi-scale dynamic prediction system is
proposed, which models the macro-behavior of the system by ordinary differential equations while models the
micro-behavior of the system by natural fractals. The financial data such as the stock market data of Jun’an stock
price and the scientific observed data such as rainfall data of Wuhan in flood season are used as the test data for
simulated test of analysis and prediction. The experimental results show that this system fits the data very well, and
the simulated prediction is good too, even for modeling the time series with large undulating.

Key words:  evolutionary computation; complex system; time series prediction; multi-scale dynamic prediction

system

B B EMAEAAHEZBIERERARNEGH R CIEI. FUE ML % BRI YR EHFAN—
AN B G 03X B AB AR I R (ILM) 2L ) F 4% B € 69 o4 AILAE % 40 iR K IL(KDD) 5 445 1248 (DM) 4 B 24E 5,4 =2
HRBARELT —AETFRENTES QRO HMLELNERENHDETRMNAL. CAMS FTRMERZYE
ATy A B AT %) 8 B e B BULAT A . T BT VA R 2 39 S4B (B S A PR -2 4048 ) A=A 32 L) 413 (KRR

* Supported by the National Natural Science Foundation of China under Grant Nos.40275034, 70071042, 60133010 ([E 5 H #} Bl 2%
)
FE—EEEN: RE1970—), 5 A0 BN 2R B0, 32 TR0 A0 A S, R e U

© e

http:/ www. jos. org. cn




1230 Journal of Software #RAFFIR  2003,14(7)

B 58 ) A ) BEAT T 247 5 T AR I BB 2 30 R 9 3% & e 49 46 18 (B4 )b R AL AR, BP 4 % 2 AL 4R K Bh AR K 49
B 18] B 7] AL B 4oh AR ARAT TR RORALAR ST

IR R AL A 2 A SR8 B 5 TR B RUE Sh ATAM £ 4

FEESES: TPIS CRKFRIRAD: A

2R RGO 5290 B, U R . KB SR 78 . Ao SE Bl il B 2 2 12 R S A
NN FR B8 50 AR 0 S R (REAS). 5 LA AR 8, ) B L R A5 AR G i AR BL, 8 BT SR BEALIE 55 AR 4R 1k (HZ,
AT 52 4% 22 ¢ 1S 452 ) LU FE AR ) 29 SR A0 48 200 L bW S5 WOWE 9 22 )2 R AR ) 249 SR e B 25 T 1
I8 1O 2 52 1) 4 BR A 28 U U 30 (10 55 i, 1, 2 52 81 [ g 2 00 420 5 A 42 (1 5 i 38 B2 52 B VR 22 R S IR A 2R AR A
L5 SR 22 AT A () 5 M I 5 11 37 2 A7 AT RAPIEIN A — AN A7 4 B3R i AL, L RO A A DA B 555 11 3 AN R 000 £ N A
AT ARAE TEAT IR SRR 1 43 A7 5 T ), DL g 52 11 I 4808 28 ), 1 41 Lorenz 75 /S % BRI $2 1 1) — A )
T IR H Bl Dy RE AL AR Y

—=cz+x
dr 7

GRS xz 5 xy PIANARZNEDL HAE ¢ (958 5RO 30 2 1 5L B B H a,b,c HOELS{E N (i
a=10,b=28,c=8/3), Z G (R ALAT A &1+ 43 52 2%, BLIR el (chaos) B 42, 1T 5 12 T 05 15w LA S0 L ) <
TR e, NATT DS AR BEAT AR B I 68 I 11 8040 Bk 1 VR 22 A AR 22 L) I 1R P 9 3 M 5 iR AAR  B Ay
N R P S0 AT 4 Al Bl b 341,

TAMEE 2% R GBI RS2 B R W5 O 2 )2 A (IR 350) 249 SR KD, 607 23 A 5 FOT000 I A o R
M2 R 22 ]S AR B AR S vk AR SCLATE 250 77 24 B R (103 5 ) R R S 2% AR 4 (1 AT O L E AR
TR F AR BN BERR 20 m B2 R AT BOWAT N S T A2 R IR 2RI A E0s 20 5 il
MR L% ARG SR )P 5 [ S 73 M IS g 1 — AN FOWA A3 77 89 T H AT LA < sk 3l AR 5 0
DNHCHE A BIEAT T 53 W L5 OGNS OL. B0 552 560 2 W, 2R 20 0 40 3 (0L 45 ) 2 R UL e, DA 2 0f 7 A YR IEAT A 14
SO ARG RPN 7] 2 21 ), tht BE 015 A5 AR, 12 A5E 2R P 000 280 RAT I e L A e

AT 1 WA BB ) RGN, Z 2 WSRO F AR 2 TINAR B K L W Bl Iy BT [ 45 4
55 3 1L LE SR S B UL DN B S B B R S 5 AR

1 FE SRR Eh H F R

HARE AP KM EA 2 B RE 2 RIEFFIE A R — R AR R ENEET Z R SRR IR 2
JUBE N T 5% e AT 22 WA R, N AR T 22 i bt D) 3 20 (4 9304k B0 7 925 1h 4% B B H AN 7], A B0 2t X
531l Toa 25 A4 1B 11 B8 000 0 Ao A2 R — AN A 200 U)o o Ak e 2 /0 e 25 B[4 4t 0 1S kS 3k 22
/U 1B S RS R TR IR AR DR TR A 5 R 1R S A B R AR AR SO (9 02 I A R S R L A
LS B 1) 2 AR (O W By 7 2 BT ) 5 O KA (TIOM 31y 7 27 B B
1.1 [RIAEER S R

h T M A% R GBI T R 0 2 WA, 1 50l T T B AT PRAR B, SCHR (1A 48 T 7 A EL 7
1R SO0 G B AT TAL B H IR RN SR B A Sk R A O A SR G B A R RO
43 (AR A0AT 249 2 vh 2 00 DR 252 4 1) F  RELRRE 3508 23 RSB A AT A i b AOWE BT 35 9 T 09 20 A LA JS T 5080 4 3l SR FHLAS
[F) FF) 2502 B TR SR i3, o6 T 5040 P 20 7 SR A i KRS 350 93 FH 18R 4 T (190 4% s 550/ 3¢ ) >R 22 i, AT 5 B0 7 288
RN B (model). AR SCR R A3 43 A 7 V544 3% 2 ) SRR AR x(0) 73 8t R S DY 3 43 (o) SRR 4 X (o) -

© PEBREBALTU bt/ www. jos. org. cn



B2 %8 2 GHIBIEHY S RERASE X 1231

x()=x()+x(t), t,<t<T. @))

Hrp

lj; X(EE, M 1y <t <l W,3(t,) = x(t,)
X(0)=41°" : )

1! x@ag, ison

B R x(o) I GHT R 53 1 Bk el S RN — e T RGIE BG . BOR H B g
X(x) = x(t) - x(t) 3)
IR x(O)[FALREHE 43
X () B BB x(r,)  TAH R MR R 2 x(2,) = X () + X (8),i = 0,1,..om =T/ Ar. HOGH 53 4
.lei:x(zj), Mg < I

) =4""" 4)

T%LEf@L ﬁlSiSmW’
MRS A4 A
;(ti) =x(t;)—x(t,). )

HRCR@ORRG)2E 5 I SE T IERA ML, BT 5 ()} BOEIE L MRN—MS m BRIE L.
1.2 SIS HEEE QIR
X — 7 T AT e e {)?(t,.)}‘.”’:0 A TN ) . b e IR B B A R A WAT N, R EE REH
BRI BT LU I R G B0 A B B SR 4 S T R % R G B T 4, WO AR BE X () AR TR e
LB X(6) e C'[1,, T11<n<4.
) JIHRGE X (¢) (AR ) R T 5K — A e BRI T R (P AL )
{x“)(t) = £(t,x(0), X' (1), X"(£) e, x" 7V (2))

x(i)(t)|,:[0 =x9,i=0,1,.,n—-1

(6)

TR x"(OFEt =1,,i = 0,1,...m W 5B 5 {x(1,)} ¥R %
I TR L PSR
[ 4-mJ§uwm #(1) ©)
ST R/,

W 2 AEBUR AR F o ok A 244 minf -5

1.3 —M s A RERER
N T SRS R AL, BRATT SR B (6) P Sy — i ko3 T R 2L A el A A R AR e

WO =x(0), y.,(0=x"@), i=12,.,n-1, ®)
W) i (6 ) P by — i i sk o T R

dy . (¢
y; (1) =y(0), j=12,.,n-1
d dt( | ©
t
yd”—t:f(t,y],yza"‘7yn)
LI AT
d’x(t ;
yj+l(t0): d)js )t:tOs]:()’l’""n_l' (10)

0 x(t) M x N ZES AR A %, = A'x, - A'x,,i=0,1,2,3.

© HHEREBAAIGUT http:/ www. jos. org. cn



1232 Journal of Software #AFFIR  2003,14(7)

e, =t +sA,0<s<4.
Newton-Gregory [ B4 {5 £ Tz

x(t,,;)=P,(t,,,)+error =x; +s Ax; +

s(s—1) Ao + s(s—1)(s—2) Aox 4 s(s—1)(s—2)(s—3)

A4x,. +error  (11)

S+ S+ 2' i 3' i 4'
Horp
enor:Egi:géii:élpﬂfxukéxtiSéStHr (12)
B A (NE S PR
) d’ )
xmaﬁgzagaaﬁ¢jzhza (13)

B E(8) 5 3 (13) e 13 2 ik B GHEBE Y):
() 1.(t) ¥t vaty)

Y= ylftl) yzz(t1) y3;(tl) y4(:t1) \ (14)

yl(t) yz(t) .Vz(tm) Y4(tm)
TEAF oK, AR 0] R (6), (7) 35 A 0 ol T S S AE 1] 80 45 7 i Y, S-SR RL(9),(10), fi 75

mm\/ZZ(ym LA (15)
By
minly — . (16)

Horh F R R ZS 6] n<4, v (1) 52 18] 58(9),(10) (R i
1.4 —MNAFRRESZEIRLE X
AL S VE S AV S UK B 2R 1 i A I R e ) 2 A v A 3o R e SR i A2 2 ) Y — 2R B s v B
FOER . F 2R 52 20 DR P AE AT P 2 BERFAIE . e FH % € (A R 3R 7 v JBBL 1) ) AT gt o 2l Bl L b A i 2 ) (O
IR 24 23 ) ) 77 A 21 G (A R 5 PRAT 380 AL 450 A 7 fi8t 25 1) v R A T8 2R 38 I MR I 38 JIR ST AR VIR v D) LT s
o R P R 3 A B 4 1 TR S e e AR (R R R — AR I FE AR AR B b 25, B 28 SR A5 1) Ui A P i
TR TR W (— R B SRR O i) A — R R 1 AL SR e T P R 3R O G € A 0 DY B A 43 O R
YOO =y "+ 4y -y —t-e Hial LU (@) AN (9)F R B B 1 T 2 HH 45

Vi

¥ Nl

‘/ 0 O
offc
e

Fig.1 The tree structure of ordinary differential equation
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PROCEDURE 1

begin

Initialize population P(0)={p;(0),p2(0),....px(0)}; (BEHL= 4 N ASH)
t:=0;
Evaluate the fitness of p(¢),i=1,2,...,N;
while not terminated do
begin
P (t)=crossover{P(t)};
P, ()y=mutation{P.()};
Evaluate P, (7);
P(t+1)=selection{P,,(t),P(¢)};
t=t+1;
end

Prediction P(¢);
end
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PROCEDURE 2

begin

initialize X=X ; where X ={X(¢,)},
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x*:=0; where x = {x (z,)}/¢
for [=2,L, do
using {)_c(tl.)};":O calculate )_c[:{)?f,)?é,...,)_c,]};
if E>F,(-1,m—+1) then

x*:=x*+x'; where x'(i)=X],,, j=i(mod/)
end for
n F(i) - x* (i)
e=y 2 - .
; m+1

for =0, m+tq do
x*@)=x*{)+s;
end for
end
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bE S U K ib% Y
PROCEDURE 3
begin
Decompose data x [0,m] into x[o,m] and X[o,m];
Call PROCEDURE 1 to get y[0,m+q];
Call PROCEDURE 2 to get x*[0,m+q];
for i=0,m do
x*(@D):=y1 () *(@);
e(i):=x(i)—x*(7);
end for
for i=m+l, m+tq do
(@)= (@) tx*();
end for
print x*,e
end
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Fig.2 The fitting and prediction curves for Jun’an Stock data
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Fig.3 The fitting and prediction curves for rainfall data of Wuhan in flood season
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