$33 % A4 it " HL =2 Eire Vol. 33 No. 4
2010 4 4 A CHINESE JOURNAL OF COMPUTERS Apr. 2010

2

E Tt B 2 1L B9 7 A P B 12 4R TR 7B A AR R B
HEET ERE RFE K A B T OB OB

DN R AET B AL BB S AR TR T #R 610065)
PORAME B TR RETRR W 610225

' ORMWRAUTIRE ARG S S BT — 0 S R SMETE A ) S B R 2 B2 SRR v B
. B B 5 AN BE [ N2 48 4005 1 A5 2 B0 28 A BR B 254 B FEAR I 26 (1 2 B SCRa ) B A8 [ N2 i o — 3 &
BETARAAE - (1) 4 7 25 T Db ] 2 Al 19 S K b THE A2 40 A5 280 BE Al 45 S () A TR B9 D0 8% 5 (2) 4R I8 T T W& A 42 4k AR
Fe 8 B4 38 LR 58 7 5 (30 MNER S R WY T 22 Fh B B () 42 4 Ay 2 Al X SR G0 DA SR B A R R 3 o S SR S T
TEA AU R SR T - 22 R R A 15 2 A9 25 SR 0 T SRl A9 E AL 45 215 (4 S 3 b e () 2E 1 SR et L 7 X 3% A 5
B4 B R L T 2 B 1 5 TR 5 22 B O AT 205 BN BB I8 B AR X B AOCR s (5) 165 IBURE FI B S8R BT T
SE U RS2 T B Y AE A M A R

KB R AT I 5 U ) PE AR 5 22 4 AR 5 7 ORI R 5 Al AR 40 5 SR e
HEESES TP311 DOI 5 10.3724/SP. J. 1016. 2010. 00672

Mining Chaotic Iterative Functions by Co-evolution over Heterogeneous Populations
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Abstract  Chaotic iterative sequence is a research direction in complex system kinetics research.
The sequence may incarnate bifurcate or chaotic phenomenon under different parameter condi-
tions. The existing methods cannot discover the iterative structure and parameters simultaneous-
ly. This study aims at mining the iterative functions and conditional parameters parallel. The
main contributions include: (1) Proposes co-evolution model based on heterogeneous populations
to integrate the advantages of those populations. (2) Proposes a new fitness function to mine the
sequence in iterative style. (3) Theoretically proves that heterogeneous populations’ co-evolution
is more difficult than a single population’s evolution. Experimentally proves that given effective
co-evolution strategy, heterogeneous populations can obtain much better results than single popu-
lation. (4) Proposes three co-evolution strategies. The cooperating strategy can archive relatively
good results in terms of fitting the sequence’s mathematic equation and the equation’s parame-
ters. (5) Conducts extensive experiments on both synthesized and real data to validate the cor-

rectness and efficiency of the algorithm.

Keywords chaotic iterative sequence; co-evolutionary model; mining model; heterogeneous pop-

ulation; population cooperating strategy
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PRI B TR SRR - (D X GEP M
AT A StruChrom; (1) s ¥ ParamParticle; (t)
5 H ¥ 17 45 4. H ParamParticle; (t) 3k 48 §
StruChrom; () W HEAL ; (2) XFbi T B b 19 =k
ParamParticle; (t) s ¥ StruChrom; (t) 5 H #t 17 45
4 StruChrom; (¢) k38 % ParamParticle; (t) [}
PEA. AR5 Bl A A9 25 5 7 UM —Fh 22 5L T
Fift G g FHAE A RN

HAkgs &7 LT

(D) FRELS A 973 (GL Py Fo o Fp) (LE X 3)

1) G,G={StruChrom, (t) s StruChrom, (t) s+,
StruChrom, () }.

2) P, P={ParamParticle, (t), ParamParti-
cle; (1) s+++y ParamParticle, (1) }.

3) F,: Fitness(StruChrom; (t)) = Fitness(Join
(StruChrom;(t) s ParamParticle; (t))).

4) Fp: Fitness ( ParamParticle; (1)) = Fitness
(Join(StruChrom; (¢) s ParamParticle; (1)) ).

i 7, 8 %N AL E B StruChrom 5 Param-
Particle fHE5EG IS FIAERY /N B AH ). (675 48 H
2, 24 GEP R RESS j A0 & B MA StruChrom,
T Ak A8 S B BT O T el S — A A R
5 LE R RESS § DRLF partcile ATHIR
5 GEP FhREMISE | DRSS

GEPF i lf:T 1 @ BT RE l;t:t 1
i
StruChrom,(t) [« »| ParamParticle (1)
b
StruChrom,(t) [« » ParamParticle,(t)
gt
StruChrom, (1) [« »| ParamParticle (1)
= q
TSN R N 8 TSN AR 8
PSSR Rz JR i A~k
lo @y
| cepmmprn | | mrm
L I
K7 U AT SRR S R
(2) P fie AL 5 3%

WAL 7 B A A Sk B S A TR R A

AR LAIEAT R AT

HIRO. TR BAFRE R AR IR Fo, Fe A9 7 5K
ERE

e R Q 3R GEP M BE 5K 1 RESS & 5 iHH 54
StruChrom WJ3&E N BE f1 GEP Fl BE (9 24 BT & 8 4 K Best _
StruChrom(t).

LHHEBRQ. XRK TS GEP M4 4 5 #8814
ParamParticle [ 3& N JE FURL 7 BE 09 24 51 & 5 & A K
Global _Best_ParamParticle(t).

ZE RO FRn GEP Mtk BESE A0 ML R 47 R4k

i B YR Q) - 2R LT R e B A0 L 0 47 2 AL

Bk 2. BT REOR T RN RS S RS 1 42

#5515 (Single way paralleling coop-
erating strategy)

BiAN: ¥ 4 GEP _ Pop (0), PSO _ Pop (0), Best _

StruChrom (0) ,Global_Best_ParamParticle(0)

it 9 R4S LR AR ARV R IR AN 1A Best_StruChrom (1),

Global_Best_ParamParticle(t)

1. t=0;

2. While(stop_condition)

3.  For each StruChrom;(t) in GEP_Pop(z) and

ParamParticle; (¢t) in PSO_Pop(t)

4. f=Fitness(StruChrom; (¢)) = Fitness(Param
Particle; (t))=Fitness (Join (StruChrom;(t),
ParamParticle; (t)));

5. Generate_Best_StruChrom
(StruChrom; (t) , f);
6. Generate_Best_Global_ParamParticle

(ParamParticle; () , f);
7.  End For
8.  Evolute_ GEP_Population(GEP_Pop(t));
9.  Evolute_ PSO_Population(PSO_Pop(t));
10, t=t+1;
11. End While
12. return Best_StruChrom(t) ;
13. return Global_Best_ParamParticle(t) ;

B 3~TATHIR T BRI 4E A 205 5.6 AT T
ey A GEP F RURL T BE 0 B 4L 28 8,9 17
i AR FRRE A HE 4k 5 2. TR 1 R i R . GEP Ff
R T 202 WL SCHk[13 ], GEP R FURL 7 7 24
A 4 S Fe AN A 1 A= 0 03 3 R A Ak B3k I
T I BE TR T 1k LR
6.3 ZHIATAMBLESKE

BIRA R TR 2 G5 G R R T AT SR M Al
BERY S5 5 AT REPE N —Fh 3 &5 2 T o Bl (o SRR K
/N AR T RESE 1 AR 22 4 1 45 A L2 L 190 an 5 8 4
4 hIZ 4 logistic sREM B 7. B StruChrom, 5
ParamParticle, 254 2 4% 8 B AL, (0 516 475
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W AR 7T RE 25 St ok X R 4k 4 07 =X

BT R EE R T AR A o g (1) X
GEP F B b i AL & DMK StruChrom; (1), B J5 ik
StruChrom; (¢) 5 ki b (19 it kL 53 3 i 47 45
G Wit StruChrom,; (1) 2138 2418 M E  BUR 5
() —ER StruChrom, (o) 76 4 /i 1935 N FE. (2) %)
BLFBEAT B K ParamParticle; (1) o 5% BUAH [6] 3 B%
i3 ParamParticle; (¢) 24 1/ ()36 v BE. W 8 fF
IN. T Seg AR 4 G 7

m X nfi
SN
GEPR L=t +1 gt ik i gt =t 1
1

— i

StruChrom (1) |« »| ParamParticle (1)

StruChrom,(t) ParamParticle,(t)
a@ia

StruChrom,(t) |[€«——| ParamParticle, (1)

lo @]

A i s
sl
Ve oy
| cepmmii | | wrmew |
L 1 |

B8 ZHIFTARESS S A

(D FpREM 25 A 3 (G Py Fou Fp) (LGE X
3),

1) G,G={StruChrom, (t) s StruChrom, (t) , -,
StruChrom, () }.

2) P, P={ParamParticle, (t), ParamParti-
cle; (1) s+++y ParamParticle, (1) }.

3) F: Fitness(StruChrom; (t)) = Fitness(Join
(StruChrom; (t) , ParamParticle, (¢))) s ¥ ¥ /T =
ParamParticley (t) € P, # & Fitness ( Join
(StruChrom; (t), ParamParticle, (t))) = Fitness
(Join(c hromosome (1) , ParamParticley (t))).

(4) Fp: Fitness(ParamParticle; (1)) = Fitness
(Join(StruChrom, (¢) , ParamParticle; (t))) , 24 X}
{T 3% ParamParticley (1) € P, #H Fitness (Join
(StruChrom, (t), ParamParticle; (¢))) = Fitness
(Join(c hromosome (1) s ParamParticle; (1))).

(2) FhRE RS 1

B RO A RIRE P A A IR B, Fe 7 N85 6 5

B OQ:GEP FilE Sk T A S EITE S A
StruChrom [ 36 b B 1 GEP B BE B9 24 BT ¢ 4L 1K Best _

StruChrom(t).

LHHRQ K75 GEP M4 & 5 i 84 Pa-
ramParticle W& W JE FUBLF B 1Y 24 857 4 R i {6 Global _Best
_ParamParticle(t) M1 A KL F ParamParticle; W) J& 3 & 4
Local_Best_ParamParticle; (1).

72 YR : GEP i i B 5 A0 90 U 5 47 2 £k

2 R Q) ORL TR IR AL R0 R AT Ak

ik 3. RTINS S KR 42

R (Multi way paralleling coop-
erating strategy)

HIA: W U GEP _ Pop (0), PSO _ Pop (0). Best _

StruChrom (0) ,Global_Best_ParamParticle(0)

i A L AR B B B B AL IR Best_StruChrom

(1) ,Global_Best_ParamParticle(t)
1. t=0;
2. While( stop_condition )
3.  For each StruChrom; (t) in GEP_Pop (1)
4. For each ParamParticle; (1) in PSO_Pop (1)

5. f=Fitness(StruChrom; (t)) = Fitness(Join
(StruChrom; (t)  ParamParticle; (1)) ) ;
6. Generate _Best_StruChrom
(StruChrom; () , ) ;
7. Generate _Best_Global_ParamParticle

(ParamParticle; (), f);
8. End For
9. End For
10.  Evolute_ GEP_Population(GEP_Pop(1));
11.  Ewolute_ PSO_Population(PSO_Pop(1));
12, t=t+1;
13. End While
14. return Best_StruChrom (1) ;
15. return Global_Best_ParamParticle(t) ;
3~8 AT T AL &R ME 5 6,7 ATk T
Az i GEP B RE FURL 7 BE 09 d5c 00 A4 14 19 75 50, GEP
Fofr e 1A 7 XL SCHR 13 GEP e FORE 5~ 4 24 Hij
A4 SRy o A 1A 1) A RS0 12 FORE 7 B 2 A B 0 M
7 RE T3 07 1% DL 5.

7 HERAERMESN

7.1 EER35HEZ1I2HEER

AT R DN Th R AT SR BE Y A BE O3 TR 1~3 4R
B I A AR 1 T RE . A B 1 UER R 3 I T
1,2,

N T UE B BT M S IACT SR S FRTE.

(1) Bk & B BE 1Y % A0 4> K32 ) BestInd =
{ StruChrom, (t) U ParamParticle; (t)}, H |
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L
&

StruChrom; (t) 1 ParamParticle; () =i A 45 & )5
AE A% 1 3] 326 X0 oK B 2R 0 A DG 325 7 B 9 1L 1 I 1

(2) F LR #E BestPop (o) FAE S AL Fh B Noest-
Pop (o). Z R EE T AFAE BestInd W FRZFPEE Jy S Al
FpBE,iC R BestPop (1), 5 W R AE AL FpBE, iC H
NbestPop(t).

(3) RSB HE M. M & Unit_Pop
_Status () Jy 51 It 44 SR Ey IR AT % 0 AR A8 5 A AR
BRI M PN RS R AL E Unit _Pop_Status(t)
Xof AR

(4) HLLY RS R 5 B 4 Reduced _M. Re-
duced_M GRS B F1 N,B= U {BestPop(t)},
N= U {NbestPop(t)},Pus+PpysPxssPyy kA
IF) 5 o M.

TE & Reduced M PR 2 ¥ M b iy it 4k
SV AR S S 15 B BOR S B th T M
J& R AT Bk T L Reduced _M A5 8R J& B /R Al &
HE. R TR 5L 1,2, 3 H T B Reduced M i)
Fe R ML /NG R AT IR

Ri& 1. & Reduced_M, , Reduced _M, , Re-
duced_M, il P' . P*, P* 5y BRI 1,2,3 % A Y Fl
FE Y 4] Al o T2 e 7 21 1) 0 240 0K 285 MR 4 5 A% 5 o
W, WA Py > Py P > Ply. Piy << Py,
Py < Pix.

B A% 1 J U, () =StruChrom; (t) U Param-
Particle; (1), 583 2 v U, (t) =StruChrom; (t) U Pa-
ramParticley (1) , B3 3 th U, (t) = StruChromy (t)
U ParamParticle; (¢t) s i StruChromy (¢) #1 Pa-
ramParticley (£) 53 HIE YRS F_module F R
P_module TR ) e A1 N =ik 45 J7 58 55
%M StruChromy (¢) U ParamParticley (¢) 1 75 &
S 5y R AL TS B A A T P F Py U2 3
Fift i e AL AR R 3K L WU B PR

BT Piyv + Py =1, Piy + Piy =1, Py +
Pipy =1, XHRAEMR B 2, B Phy <<Phy s Py <<Piy »
WA Py > Pyp s Piy > Phy.

EE L REWE L2, 3WRFEE NN N,
W F A B R Ny (D)8 N ()N, (),
N3 ()02 3 ADFHE ¢ AUE A5 fe R B /Y 3 22
B N5 () >N, (1) ,N; (1) >N, (1).

EW. (D =R A 2 UM S R
R 43 3 A N (2) = (N — Ny (1)) X Py +
Ny (1) X (Pyp—Pin) (i=1,2,3) , E AR % 5 #5718
WEA B B 4 BE A3 B, Ol R 2 M Piy > Phy

Py =>Phy B0 Nj(2) > NE(2),Nj (2) >N} (2).
(2) eSS Al L 3 18 2 LA R 50N 2
WO A5, A 2 ARG S 3 18 B E R A A
B0 0 SRR AR A K WO 3 R S R 3 ke
BT E 1R 2.
7.2 EEIESETEME GEP ZREEZNLLE

FETF AR GEP #2498 895 (R id W&k D
T8 H B-GEP'"" R 42 i oR BB B, Al GEP-PO™™ 3k
RS0 2 W SCHRL13 ). Ay B ZEIE W3k 3 $83)
AR RER R TR 2. |oeg ik 2.

Ri% 2. & Py >Pis s Piy<<Piy,Pls . H
Py s Phg DL Py s Poy 198 X5 1 H ).

BERE. (DAL 3 SR 4 X BITESHUR B
Yo, B9k 3 i PSO #E4T 2 8UR B, M5k 4 A GEP
AT SRR B SCEk 17 L1414 59 /1 GEP i
PSO X} CEC2005 #2 H ) 12 /> benchmark p& %%
(Fy~F) 347 T PR, X B w4~ Sk i 45 1 a7
HL,PSO S5k I 8 F GEP. (2) th TRl
AR BN S B8R U Y2 1 S80S m il
{E B B R 2 5 BB AN $2 98 45 S 00 35 B SRR
K. 1 PSO 1S8R fE J1 i 3% T GEP, ff A F
PL ST AR 2.

FE 2. N, >N, (0),N, () N, (O X
5 # 1 1.

EW. CEAIEMI RS e 1 A UE BT AR R X
LA W

HOHE AR 75 S RV 3 PR RE B Tk 4.

WAk 7.1 F 7.2 T E AT IR TR 3 TCik
JEAE X F AR GEP #2408 500k Rk O ik &2 X T
FOE AN TR] SR w1 5 5 AR O (] AR OR R CBR 1
2) BT A K.

8 LIFAMERES T
8.1 HHEIELHWER

(1) 5255 % s

P 2 413k 6 AR F~F, , 2559 71 2 505UE
mE 2 fian. OQRMEERTFH . F~F, 51— 4%
B aoOM—PZR r.x(0)=0.1.r )\ 2.6 25 4L 5]
3.9 By (o) AR E ZE IR Fy ~Fs & A ARG
A (), y (DM —PDZH r,2(0)=0.1,y(0) =
0.2,r M 3.9 A54LF] 5.5 Bf . 2 (1) s y (1) NG 22 E ]
Rl QNGB F~F B 2(0) ~x (DD EH
B, Fy~Fy P 2(0) ~2(19), y(0) ~y(19)
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YE RN EE. © M B s . FL~F, Bl (20) ~
2CODVE R MR IR, F, ~F P L 2(20) ~2(99),
y(20) ~y(99) VF il B .

T2 ARBENRHERSHE
B e )
F 2+ =rXz()X(1—x0) )
F, x(+D=rXz()X(1—x() )
F; x(+D=rXz()X(1—x) )
2(t+1D)=rX(x@) /vy X A—a()/y(t))

F 3.9
Yoy =1+2 /v

2(t+1D)=rX(x@)/y() X A—a()/y(t))

@ w ool W
© w o |

Fs / 52
(=142 /y(D) 7

2D =rX (2 /y()) X (1—2() /y(1)) .

Fs 5.5

y(O=1+x)/y()

(2) HEMS LK

2O T S Bk A Bk AE CPU
4 Intel 1. 6GHz,512MB H 7%, Windows XP ) PC
Bl RS BT BILTE 2GEPY Y SEml B HEAT Y L
Java SCHL.

K3 THENBERBEHNSH B ELET K
WIS R, Ho, A ROR T R K IR T 0
TR 25 G RIS A2 48 505 5 A, RoR BE T AN R 388 =0
FIHE 25 5 RS A2 48 505 5 A ROR BE T 2 86 014720
FRE 45 & W A 42 48 55 105 A R R 2l GEP 42 48 55
% B B-GEP ke 2 4 of BB B . il GEP-POM

x3 BEER

(a) GEP }¢ PSO 7£ Fi1~Fs, A1 ~A, I )2 50k 8
S8 {8 2 {8
GEP J PSO ##Ek/N 100 GEP #fi 5 % 0.1

Rl AR 2 100000 GEP 4 #2 % .
GEP s % 0. 044 GEP i 8 R 0.1
PSO " v, CRLF 1 D —

e 1 GEP @ 5 T Hi bR PE

PSO H w4y

PR D

o0 PSO H1 ¢ (& Rk 9
’ 43 BN B D

(b) GEP # F1~Fs, T\ ~Ts,. A1 ~Ay 1A ZHNSHEE

B4 fi
Fi~Fs5,A1~A, Fi~Fs,Ai~A, Ti~Ts A ~A,
2774 {a,b} {asbsc} {a.b}
B (.} <+fax¢>*t¥£ii§“
k(K 6 9 9
JE A% 1 2 1
Yo o fA K 13 19 19
o AR 0.3 0.5 0.3
XS T4 R 0.3 0.5 0.3
FLHE AR 0.1 0.7 —

B N 2000 4000 2000

(3) g2 2R

@f?ﬁﬂi‘ﬂ%‘%b‘i‘ %é 4,5 IEIL: A ASX*T F,~F;
TE 10 W5 P I Ee A2 45 2R 3% 6 3k 4.5 iz
B 1 1 BRI ECE AR 100 AT B /Y 7 51 5 U 51 19 R G
FHES. AT A LG A P 90 A0 T A 28R AT
SRIBCELE T R B A

QFEFWSEL. B 9B T A ~A 54
Fy~Fg (- 5250 45 2 (R Fi 55005 X B A e 2000 5l
1B47 10 YO e A R 2 AR 10 /% B (e . 4L
A bR TE VR L O DR I 0 3 A A T S Sk
I8 B B — o 0 BE I A S AU X F o~ F L AR
A BETE 100~1000 XAy Kt ¢ b 3k B dee i B L
Ay Ay AR TR MU SR JR BB B . X Fy ~Fo s Ay il
Ay REREAE 1000~ 10000 X A9 % 2 b i 2 AH X 5L
T PR SE IV JBE o L3 V7 JRE 14 246 o {2 Bt 3 0 22 K0 3
I REAR. [RIRE AL F AL H BT PR A SIC J) 9 e
LAY IR 5.

x4 A MF~F MERERER

bR $h 25 SR 3N

Fi 2+ =rXa(OX( 1=z ) 2.6 2000

Fy 2G+1D=rXzx(t) X 1—x0)) 3.3 2000

F; 2+ =rXa()X(1—x0) ) 3.9 2000
(1D =) /(2 + G+ (x())))/

Fy ((r—(x()))—(x(D)) —62.7 3959
y+D =)+ () /(y()
a(t+D =/ (D)) — () +(x())))/

F; /N +r —9.7 3687
ya+1D=y)+(x (D)) /()
a(t+1D)=r/(((x()) Xr) X (x()))+ (r+

Fs (y()))) —5.0 3456

yu+D =y +(x()))/(y))

%:Z 5 A X‘j’ F, ~F; T:E 10 )k?:EﬁEPH@ﬂEiW%?EZE%

Fi 2G+1D)=rXzx(t) X (11— 2(t) ); 2.6 2000

F, 2+1D)=rXzx(t) X (11— x2(t) ); 3.3 2000

F; 2+1D)=rXzx(t) X (11— x2(t) ); 3.9 2000
x(t+1) =N+ (y()))—(x()—

F, () — (2 +(v(@))))/(r); —62.7 3986

ya+1D =y +(x()))/(y());

241 = (D)) /() + () +r) +
((2(D) X (D)) X (D)) X ,
Fs (2O —9. 73726

ya+1D =y +(x()))/(y(@));

2+ =y + () /(((x()) X
((2()) X (y())))+((y))+

Fs s —5.0 3500
1=y + (2 X))/ (y());
R6 BREUANERFISEFIINRAES
Fy Fs Fs
x y x y x y
Al 0.08  0.07 2.24  1.88 7.58  5.73
Ay 0.05  0.02 1.51  0.78 3.52  2.70
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8.2 EXHELHIH

(1) S50 # 4

FEB] T B4 B 4 AR H RS R 03 B 51 & —Fh
HA R R 3210 30 ) R G 1 KR 2% 0 3
U 100 A7) HL 4% 45 10 A R S T A N IRUBE B
UL Al 3 A7) DU 5L B A A S0 A R bR A

BT LB s i FRATTHCT Jh Bk 1851 4F
~ 1983 43k 133 45 [ 7 400 B 7 90 B0 8 1
V50 B8 43 BT T ORUEE SR 4,32 (/)N AR e D i
BUEE AR S 2R IE A 3 A Y RE R 2 8.2
2R B R AR B [, BT 1919 4R L ER TR
VAR W 0 bR AR AR TR R R b R A T AR
AR WOFRATT R B Y 8 43 8 R S 43 B — B 48 A
1854 4EFF UG J5 — B4 A 1921 4EFF 4. O R AR
JPa. 3k 6 G To~Ts R Xk 7. Hha
TR N AR I RUBE ¢ 3% SR B B 1) /2 4R 47 40
TR 3 AR RAE — A B JERAE 20 AN B, ¢ o
JE 4 H0HRE & o 2 o i B 1 1) T AL B L X 32 B
R T G A B A (B AL /D TGS B B S D
Z. HTH - RESBC U Z IS W s —

MR QNG T~ T B 2 (0) ~2(9) N
IR ds. © Wk &t T~ T A B 2 (10) ~
x(19) 29 XK HE .

®7T T ~Ti WEHEAK
e K
T, a=4, to=1854, ¢’ =(c+0.2) X100
T, a=4, to=1924, ¢ =c¢+0.13
T a=3, to=1854, ¢’ =c¢+0.15
T, a=3, to=1924, ¢ =c¢+0.12
Ts a=2, tp,=1854, ¢’ =c¢
Ts a=2, 1o=1924, ¢ =c+0.2
(2) g 25 2R

O FAIE oL 35 8 J& AufE 10 23 T 1%
) 14 o 0 32 A BRI AR 1O 2 0 T 10 2 BRI AR
20 Y7 AR I AU B S RO O B g 42 4
HH A R B0 SR A TP 91 Hh G E  2 0 RfE E UL
ARV E ABTE 5 B 5 0 B b A0 s 0 A b
RERS 4 4 40043 5P 81 @ Bk Wi BT O < 15 43 UK
PRI SRR 45 R AL Ar L Ag BETE 1000~ 10000 1Y
Wom g bk BVE R A0E L . As s AVIRMERL &t 5
JER H A AL IR AC R 91 (H B R A BARBES I B
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A A Y 38 B BE S (R i P 0k s T~
T v 1 2% A W (0 400 s R M8 — AP H Y
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~+ [P
- T

a=4, t,=1854, ¢'(¢+0.2) X100

01854 1869 1884 1899

—0.05
—0.10
—0.15
—0.20
—0.25
—0.30
—0.35

~+ 3P4l
= WE P

a=3,t,=1854, ¢'=c+0.15

&854 1869 1884 1899

—0.5

06 a=2, t,—1854, ¢'=c

P8 o T i DR A S P R A 9 L

1854 1869 1884 1899

+ A
- A

a=4,1,=1924, ¢'=c+0.13
1924 1939 1954 1969

a=3,t,=1924, ¢'=c+0.12
1924 1939 1954 1969

a=2,t,=1924, ¢'=c+0.2

B 10 Ay xb Ty~ T $Z 45 R 8L AU 51

RS ANT~T E10XRIBRFHRMIEZEER

HREES B2

T x(t+1)=(x()) — (tan(cos(((cos(x(2))) X —7.9
! () X (@O +F (2 (DIN); '

p, wED =) X CcosCtan((M)/ ((x(1)) X o1
: O+ (D)) :

x(t+1) = (exp(cos((sinCexp(x(£))))/

T (tan(x () X (tan(z())) sz
T 2(t+1)=(x(1))/(exp(sin(tan(((sin(r))/ g
! (D)) 4 (sinz (D)) 5 :
T a(t41) =sin(((sin( () /(2 () /(Cr) 4 () + 6.0
’ (x())))+ (tan(r))) 5 ’

x(t+1) =exp((r) 4 (sin(tan(sin(exp (((x(2)) +
Ts —2.0

(x()))— )

9 RERSEHIIE

A SCR I GEP R A0RL 53 B ) 2F 1k 1) 5 X
HEATIR ML AT 51 0 42 3. A~ Rl BE 45 & kK 24
PR RE PR S5 A0 L L 38 T =P AN TR 1) 0 ) 2 AL 5
%0 KBRS By b 1 =R i PR RE. 7E 52 50 50
b AE A RS T SR B R AT TS S
ST WA AR RSG5k BE A AR X B 1Y pR B4

S5

i T 2 AT LS & Bk R R s B
MO — 0 TAERR T 4k IR AL R BE i 25 &
2 KA BRI B B A F 7 b 35 A A
I A o AN A 3 S R RE 25 A T A R AR
UERE
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Bk Generate_Best_StruChrom(StruChrom; (t) . f);
//¥NWE StruChrom; (1) 3275 2 e LA 1

WiAN: GEP Flt ¢ R ¢ DR StruChrom; (t),
StruChrom; () By 3&E N B f

. GEP MBS « R R A& Best_StruChrom(t)

1 1 f>Best_

2 Best_ StruChrom_Fitness(t) = [;

3. Best_StruChrom(t) = StruChrom; (t) ;

4 End If

5. return (Best_StruChrom(t)) ;

StruChrom_Fitness(t))

(2) L 2 A2 R e AR 19 A U0k

B . Generate _ Best _Global _ ParamParticle ( Param
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B

A SR AR PSO_Pop(0)

i 50t R REAAMAE Global_Best_ParamParticle(t)

1. If (f>Global_Best_ParamParticle_Fitness(t))

5. End For

. ParamParticle; (t+1) = {ax;; (t+1) =+, 2;, G+ 1) };

. PSO_Pop(t+1)+ = ParamParticle; (t+1));

. End For

. return(PSO_Pop(t+1));
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cle; 922 N BE#E T ParamParticle; W) J& 3 5
HEAMAK Local _Best_ParamParticle; (¢) ] 1.
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{S1:S,,,S, 1S =1 (0,2, (1) ey 2, (T)}
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FRBR B 3G N BE Fitness

1. Fitness=0;

2. Global_Best_ParamParticle_Fitness(t) = f;

3. Global_Best_ParamParticle(t) = 2. {f1+f 255 fu) =Join(StruChrom; (¢t) , ParamPar-
ticle; (1)) ;

/ /454 StruChrom; (t) , ParamParticle; (1) 15 5[]

E IR I AR

ParamParticle; (1) ;
4. End If

5. return(Global_Best_ParamParticle(t)) ; //n—PFrn Jtm

3. Fori=1 Ton

(3) BL T kAL 5T 0 4. 30 =x,(0);
B ¥ Evolute_ PSO_Population(t) 5. End For
A R AR TR PSO_Pop () 6. For t=0 To T—1
i AL B e+ 1 ACFPE PSO_Pop(t4-1) 7. Fork=1Ton
1. For each ParamParticle; (t) in PSO_Pop (1) 8 (O =fr (i G—1D) sy, (t—1) s sy, (21— 1))
2. For each dimention x;, (1) of ParamParticle; (1) 9. Fimess+=H— [ y, () —2: (1)) /2, (1) | X 1003
3. v, (t+ 1) =wXwv, (1) +c; X Random () X 10.  End For

(Global_ Best_ParamParticle(t) —x;, (1)) ; 11. End For
4. 2, G+ =x;, (D) + v, (5 12. return Fitness;
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Background

This study tries to conduct regression on chaotic time
series data by co-evolutionary computing. In the filed of cha-
os theory, researchers always first construct a mathematic
model and then study the chaotic properties of the model.
Few studies discuss the reverse problem, i. e. regression of
chaotic time series data generated by a mathematic model or
by a real chaotic dynamic system. In the filed of co-evolution-
ary computing, many studies concentrate on the co-evolution
of homogeneous populations. Few researchers investigate the
co-evolution of heterogeneous populations. The experimental
results of this study show that co-evolution of heterogeneous
populations can take the advantages of different populations.
The regression precision on chaotic time series data is compa-

rably high.
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