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Analysis and Prediction of Stock Based on Chaotic Neural Networks
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Abstract: The chaotic dynamics theory has provided an analytic method to stock price volatility in the stock market. To find out whether
the price of stock has the chaotic behavior, has analyzed nonlinear character of the stock price, based on the close index of stock, from the
19th of Dec in 1990 to 24th of Apr in 2008, and have reconstructed the strange attractor of the time sequence by the method of recon-
structing phase space, have calculated correlated dimension, and have proved that the exponent of Lyapunov is positive, then affirmed

that the chaotic behavior does exit in the time sequence of stock. The neural network is a nonlinear system, it can approach the nonlinear

function by learning, by using the neural network, can forecast the stock’s direction of the next day.

Key words: chaotic behavior; reconstructed phase space; correlated dimension; Lyapunov exponent; neural network

0 51 §

RIEETE PSP 5T, 28 F Packard %7€ 1980 4F 4R
HWERHESEELE, ATRESTEHEZENIE
SHMEER, 8- BRRN EEA, WEET R
SRR RMERMKBRAGERS, TELE 2T R
R9B ) FP 31 SRR AT JE R M R AR IR A0 IR AT 102
M N REEMS A P HRSFRAER, B4
¥(.Lyapunov 188 AT LI E B RAE R F IR MR,
H, Lyapunov 85U TR 8H4BEHE AR E R 8L
HERR R, TN F RS REMIRERRE
B i, 2 F B (8] PR S AR AS TR B A 7 59 Lyapunov 353K

YR B H9: 2008 - 07~ 10

EEWA - HR AABEIES (60736014)

{EE /S Sk (1981 - ), BB INR A LTS 4, BF 5 0 1 Shy
ZRIG THR, B, B8, TLERW, AR T ARESL
BB,

HEN F—IREE M TR RERTHF
TERMAT RN EE D,

B B R4 1k, IR A 1A PR 5 40 BRI E B A AR
LA, A0 K B4R R BT Ak B AR L
BRAEFHTN %, B R % TR M & 55
HitHWERNETN., 14, RERRTH, KGR
RATANEBETGREBERRE, LR R A AR
T R PTRE ARG vERE [ T , TR M, YRR
BEAT AT, 3 R 2 P4 BT

XHE N _FISIES T 1990 43 2008 FE X
RO AR O /i T M AR B B A0 AR R HE AR, i 2T
EWASEFEEMRT 1990 £3)] 2008 £48 K i
IRRET R F PR RR G F T E R, R
# Wolf 783K i 3 Lyapunov #8%(, IESL KB K Lya-
punov THECHIE, NTBEIA T L iE 48 % B 8] 7 5 9 1R
AT R /N R M 4 4 X B A AR S IR B 2
I S E SR A B TR



. 186 - . HEPEAR Y R R

194

1 HIRRE
RET LAESEEAIM 1990 425 2008 4 9 B R Y
WSRO, — 64 4255 N BUE B TR E M
B T U IS8R0 JE R AR , 46 TR AR S
JRATLRE (N 1 R ) , st R AT B9 BI85
s

> |

000 -~ e e g o

5000+ f‘ﬁ H
/

4000, ’ il

2000 A0 /

o
g

.ﬂ'f‘ i‘vy‘;“.“,\ j\\ »
0;‘: 300 1000 1500 2000 2500 3000 3500 4000 4500
BB /X
B 1 A 1990.12.19~2008.4.28 & X ¢4l & #5 4k

A5 A IR

2 HZEEHEH

RFEMEDN LR B S 2(2) BEHEEF
K32 shEGE , B R B S F o 5 A B R B 2 4R
FERB B 2 () EE— IR, (2 + o) R A
AR,z + (m = 1D EE m PR, UREBE
— AR, XA BEH T LN m EREXEX(). B
RNRZETEBERIAANEERED: et
[BIZER E] FR « %ﬂ&%l%ﬁﬁﬁ’ikéﬁ Mo

XE R AHEXEREBEER ¢, SHEXEER
B AR EE X — B EF 4, 20, 23,0, RIVEE
ER jr B BHEREREA .

R, (jr) = %Zz;(t)x(z + jr) 6D

=

- HEATEE j, el B EXBREXRTRER «(c
=1,2,-) REEE, N G HXRETREAHRERN
(1 - 1/e) 10t Bri8BIRYatia) - BpREE M (8] A9 B
JEVFESR ro X BB o = 1,2,3,-+,4000, (i & 43 &
¥ R, RTHHE « MRHEER, LE 2,

ME 2 F HTE « = 306 B, MK R T PEBIRIIA1E
(2.911e + 006) B9(1~1/¢),BN0.6321 1%, A B AETE
REHRY 306 N3c% H o

- )5 , R Al H Grassberger Fl Procaccia #2489 G - P
BRI RBRYE d , I MR Takens & 3018 34 5 &Y #%
A?E m o Takens & ¥R : AR FER LIRVBLL m = 2d
+ 1, A A% (B8] B A LR R IR 5| F A9 HE =S [H] 45
W, ‘

RUEEBRHERLSRINT .

(1) X FBEFF 2y, 23, 23, SBEBRBM—E

/NEHRALERAE e, MIFEAB BT B0 AR A S (A

X () ={x () x4+ ), 2 (e +27) 22+

(m—Dz)l,i=1,2, (2)
Wt

3
i
ise ~
"x X:306
£ 77 ' rlLsaleroo g
" L] |
] " |
= 15¢ Tl J
g ", ]
% !
=z ! 4
05t |
|

1500 2000 7500 3000 /00 40
IR R /R

L .
a 506 1000

B2 BAMkX&HR, £TH@c HER
(2) HERBEES .

C(r) = m—[\%g]@(r -1 X(z;) ~ X(tj) 1

: (3)
K1 X (1)~ X() | AR X(,) 7 X(g;) BIEE
B, 0(2) & Heaviside BRE:
0,2<0 :

8(z) = Le>1 | (4)
C(r)R—AREKBS , RS EPREI T EBWAZ
[EBEES/NF ~ AR,

(3) 3T FREIREE »r HEDNEYHEEH, BT
BIEBRRR ST C(r) BLKBE r B9 (L 2 IR BB EE,
BRZEROS AR L, C(r) Bl r OR{L I B —
BREZL, WELZBWHERNME FAEE .d(m) =
InC(r) nr S FEAE (r,C(r)) KiFEFHE, WK
HXTRLF mo RIRBRELAETHE d(mo)o

(4) I ALER B my > mo, EETEERE
(2) F(3) , EEIAERL W EBAGHHE d (m ) R m &)
BERMEK(E-EREWEN) MM E AL d(m)
BRI 51 F B S IRAERL, m BD R AR N d Bm
IR K, F AR T M EE, MRAF
FRHRER N TN EFFOEILRSE,
EARRLERENRELHEXREINFERE, B
TEA BREB B RIR AFERS|Fo

XER ¢ = 306, = 2000,1800,1600, 1400,
1200,1000,800,600,400,200,100,50, #% A ZEB M m
= 2 JFRER, BB m =2,d = 1.3234; m = 3,
d=1.5436;m =4,d =1.6321;m =5,d =1.6714;
m=6,d=1.7013;m =7,d =1.7097;m = 8,d =
1.70315m =9,d = 1.6785;InC(r) 5In(r) BIE R



5534y

A B T IR PR AR WO Sy S L - 187 -

B 3 Frm.

g

Eps R

2t

e

+* "/ S
P 4 e =, D 3234
s d ‘ + m=3,c-=1.5435" -

InC(r)

s +  med D=15321
% e, D=16714
S - B 1,713

P O peT De17097
P e — — m=g,0=1.7031 | |
A

* el D BT

4

| ()!f‘; 6.15 7|' 7.l5 g
B3 WmC(r)s5n(r)8£4HE

ME 3T LEH, n = 4,5,6,7,8,9 BHAIEh &R
JLVFEA A d BEm BKIBEEE 1.7 MiT, &9
REAE—MHEHLARL, BE m =24 + 1, DIEWE
REEEFIIE BT EA BRI FRRALICH m
= 4, KBREH N 4 = 1.70,

MU LT LUE &, REAR T OBRERS]F
RFFTER, 1990 412 B 19 A3 200844 A 24 A LiF
2 5 BBt ) FE P AR W B — R B d =
1.70 BYTRTEIR B F o ML BUR B T it Bt ) oy AR SR
AR REE RBREREB K, R A 2, K
T IZBIEBR, BT LA, BRER 36 40 A SR BX 445 v e R U 22 ik
MR —-BRE AN IEREE,

35 4 45 5 65

3 Lyapunov 5%

Wolf (1985) 4 i & K Lyapunov I8 $ A0 E b ¥k,
BAFERBET EASE AR R Z 8 BB B K
AHE] B R BOE R, Wolf BT ). 3 TR rift (6 ¢
P a1, 22,00, 2y, FEBUE AR m , FEREHE] 7 2
& EWHEEEEH » EREHQ) RER.

BtR e X (ty) , WHSEIRAE X (2,) WIEER
A LooiBBRX P A AYBt 1AL, BB 2, B2, SR BE AR

HARLEEMHEe >0,L =1 X(2y) — Xpl2) 1> e /88

X(2),3F1E X(1y) SPEFE—T4 X (¢)) fEFB L,
=1 X(t,) - X(20) 1< e FHHGZ R AR REA/D, 4%
LR, HE M(r) Pk R R A4 S M, X
EBEEATIBENBERREA 1y - 1, WEKX
Lyapunov 18 %0

,__1-__»._%] .L_/i (5)
ty— to=d UL,

£ K Lyapunov #8481 A, = 0.0050,

4 ETHERERERHN
o PRt R0 28 3647 RCER A YR I B f6) o B T 19 5
B2 38 L AT 5+ 28 P £ B0 AR R LI B ) SR S B B

FlE ) R AR E MRS I T B BB bR
X(t) = {x(2),x2(t ~ ), ,xlt = (m ~ D]}
(6)

R e DB B BRAER YA,

BBWPS BN h, TEARMN LM 2 REE
Lotk R %K -

z(t + h) = F,[X(2)] (7)

LA EFLAAE, A Mg R R B # I
FHBREREE X (1) §x(r + 1) IHNEREXER,
P2 RSB IR BT LA B EAT b BT R
T e AR A, T AN SR B BRSO &M 2%
B, RBHEE 1 h BE—-IMEREREBIE.

1700 v
L v OEIET:
1600 — Rk
1500
§14ou~
g ¢
1300 oupe
o
i+ »
1200 - ]
»
1100
100D L N
08 300 500 00

2030
THREFN

neR
+ PUHR

0y i Ex) 307 0 o0 T 6
RMAMIK

BS #Zaf4zmsFs]ER

N A3 5 HRT R (BP) H 22 B 48 42 ) 3k (RBF)

MR HIFATET , AR IR S00 MR ] A =

200, 30 BT R MR HIEE N 4 - 64 - 1, IR A

BRZEITTN 41, ERRERARE R, Bl 2




- 188 - HENER SR 519 %

—=
TUH 644 SRR ATTN 14, 2 T T BE R E
4 TS Bz, 6] L, fe ) B4 22 W 48 69 2 ST OR B AT
TR ZEM %,

FHR 30 AR, X RGEHEAT UM, TIN5 K45 R
4nlEl 6 B, BT W, TR0 JR] Fr 51 5 5 AR 1) 2 4 2 K
2%, n] LASC B 3 A W B 98 B0 [ B9 T

1250 - - -y
—— T
. FIHE
1200 +
///
1150 | .. . //,
2 ) p
3 S
1100 L . .« . 1
/\//
1050 |
1000 L L L N
0 5 10 15 20 25
MR R
Ho6 TRm4R
5 &FEiE

RET EFIEEAM 1990 4E 3 2008 — 4 - 24 &Y
WRIE R , 2t o th R IR 48 BaT 18] )7 5 R 7E
RIS, FIFH Taken E}E,Xﬂﬁ%&ﬁi&ﬁﬁ?ﬁlﬁli
1, BT B RGN 2, SR R RS
AERSITFHESEN D = 1.70, RALEE R m = 4,
B K Lyapunov BN FE, AT N, RE h LR M

MR BfG 8RR A LE RO (8] RER | Bt
W22 M2 R 2GR T R AR RO A A 2], S
TR REEGE [T

S0k

[1] BB AR E B HENEIM]. L . BEETH
A% AR, 2007:26 - 52.

(2] Mg, sk, o B AR AT 3k 3 B0 IR MR 51 F I 8 5 it
B)]. ra/REE TR, 2001,6:361 - 367.

(3] B&E, MBE, 1% RUENRFYIHEREMA
(M]. BRI RBUK¥F WA, 2002:118 - 178.

[4] BMW4E, R HBEEHEAIM] RRXKEHM
1,2005:366 — 390.

[5] o0, BUER. BIFFIMBIEME &R 5 k(]].
K HLBEWRAI#,1999,17(2) :9 - 11.

(6] fr #,E74.5 R, % ETEMHENEERNPE
SEFTRMBRI] AR S RR,2007,17(8):247
—250.

[71 &% # RENEFFIEUERSFHEIML AR PEK
7k e th AR AL, 2007 : 155 - 185.

{8] #MEEE, 7N B BRMHERMENEFFNMECl/FE
BHESRRFAFLU XL WH: R RFEDHRM,
2006:397 — 402.

[9] Jiang Jianguo, Shao Kuizhi, Wei Yuheng, et al. Chaotic Neural
Network Model for Output Prediction of Polymer Flooding
[C] // Proceedings of the 2007. IEEE, International Confer-
ence on Mechatronics and Automation. Harbin, Heilong jiang,
China: IEEE,2007:2347 —2351.

U0 VY S S S S S S G S G U S S S S |

P SO S O S VI G PO S G S PR
ILERASR Siate SUut SEatn Siats SHath Shate Mite Riete Siet Siete s miate aiees sty mietn St AN s sl iony o

(L% 184 ®)
BERYLLALE FSERMRE(EAB) ERE—
BRI IR FE S Pt eh Rk FE R

4 H5FRIE

BT RERE K PC/104 Bk, HARE L FR
TEDH T PC/104 BB DR, LT PC/104 B
RERREN A EREEREDR, BEHAH
FPGA # R ER TP AR K LH PC/104 BB,
HIFEGAN BT M5B BRI LI B, L FPGA ik
TREEW, BETRTES, BE T REAHEeEf AT
R,

B

[1] Shannon L, Fort B, Parikh S, et al. Designing an FPGA SoC
Using a Standardized IP Block Interface[ C]//Brebner G ],
Chakraborty S, Wong W F. Proceedings of the 2005 IEEE In-

ternational Conference on Field — Programmable Technology.

AABASE et St Stut miats sntet sieoe atage atute Stet Stols Siots et aitet imions mebas abian sioen aiboay stan alo

Singapore: IEEE International ,2005:341 — 342.

[2] - Ristimaki T, Nurmi J. Reconfigurable 1P Blocks: a Survey
[C]//System — on — Chip, 2004. Proceedings. 2004 Interna-
tional Symposium. Finland: IEEE International ,2004.

(3] ##HF.&F VHDL #itARREN FSMF ()] &
BHEAS A3h1k,2005(4) :29 - 30.

(4] P¥B ET CPLDWAFFIESRMABLHSHHM]. A
B TFHAR,2005,28(11):63 - 64.

[5] Sjoholm S,Lindh L. F§ VHDL it 88 FL&BE[M]. #1it4E,
BERERE. Jba K M AR ,2003: 157 — 186.

[6] L 2, BUR. ETARREEINHRRESD]. H

" BHLTE,2003,29(15):82 - 83.

(7] SBipil, BIBX, BT . ARRSYLAT VHDL B R A4k
FREARI]EBHEAR,2004,28(1):75-78.

[8] BHM.CPLD/FPGA ARG AFZE A B FHIM].
Jeat: o E A g R, 2005:98 ~ 99.

[9] Rakte, F . Altera FPGA/CPLD ¥ (& E)(M]. 1t
I A REBH MR, 2005.



