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Improved gene expression programming algorithm tested
by predicting stock indexes
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Abstract; The authors reviewed basic principles of gene expression programming ( GEP). On that basis, an im-
proved GEP algorithm, or IGEP, was created, based on a dynamic mutation operator. The dynamic mutation opera-
tor changed with the gene number of the genome and the number of evolutionary generations. The complexity and
convergence properties of the algorithm were investigated. The new IGEP was used to predict stock-market indexes.
Simulation resulis indicated that the IGEP-based model is more accurate than the classical GEP-based model.

Keywords ; gene expression programming ; complexity analysis; convergence analysis ; prediction in stock-price index

HEFELXHFR" (gene expression program-
ming, GEP) 2% F Fl# %K C. Ferreira %k B f)—Fp
T HHH (genome) FIZRILEL ( phoneme ) FIHT 35
ek, BE5BIEH 1k (genetic algorithms, GA ) Fl33
&K ( genetic programming, GP) R A X HI7E T
AT R AR AR R BIZE GA A2 E
ERERSIE B (Gal) ;7 GP P MERKEM
TERA R LR TE AR (435I , TAE R H Rk
G PR E SRR E € KB AP & (5
HASERAR) , REERIBA FKEMER
MR LT Sk (R REIR R , B RikART) -

I 5 H B4 :2009-02-15.

ESHH: BEXEANEE ST BT H (60634020, 60874069,
60804037 ) ; [E 52" 863" ¥¥ B H ( 2006AA04Z181) .

W5 1EE 4821, E-mail ; qianxiaoshan@ 126. com.

1 ERFREABET ERE

HARZIAFBEH LRER FEGHERG Y
R BEETF . HHEREEAE 7B NE BE®
B BET B S ILAEAY, T sk R i ko 3
SHE—N 4.
1.1 TREF

75 5 ( Mutation ) B D) & A= 78 Yo €44 P9 B 4T 32
B R, Je R S H A D TR . R H
L AT MIFFSHRT IR R RPRF S RE LT
EHEBER RS HABTR AL S EIXFH L, R
BRI A RER LUMRRE, B F GEP % R FE
A, B AT AR 57 Ak BB MARTE 454 R IE T Y.
HFEEH R, 7E GEP HELEA B B 2B FR &,
WA — NGk iR F R B PR E TR 1R
B A AR A AR IR Y.



- 304 - BB R & % #®

®5%

1.2 iR B R IUEHE

B TANMRE R R S, 1 T B SCMA R E BLE
PR R X RASCRIBI A E . 78 GEP H1, @ ¥
BB ER, —RRANT 3 AR

f,-:;(M—I Cip - Ty 1), (1)

f,-=_2:(M—

J

C(i.j) - T(j)

€)

oloo‘), (2)

if n= %C,-,thenf,- =n,elsef, =1. (3)

R :MA—HE.f REWNENE £ WBEEE;
CiipTmnss i N EEFE XN B R R B P ARE )
A BRHERAGH REUE ; Ty, BB j AR
A A B SRR IS Y 2% B An IR BLSEME 5 C; 2
BWHAYIE B4, RIEFESIRA% X (1) Fik
(2) /LR — A5 B . K(3) 2R
DB BA R BN R B, BAndERE W
B, ik RGBSR Ty ] HEAL.

2 BHWEERAAGBETEE S
2.1 IGEP &gt

£ GEP B XERE T IBAE , A3
M T RERER)G, ERE TR %S H
T—MoHEN TR BTRHERETH IGEP &
)

1) WG EE, BEPLF= 4 60 A (RS RE
EBATE A, /N AR XS BaR T bk, A e
otk 5 MEEMWR, B EBELKEN 15 (RE
%) s WAL R AT KARVA 4851

Q=* + —abcd;

2)) $% 3 I AE B HOR AR R0 26 T RE I & B A 0K
) DA (A= SR P B T 10 18 R R

. 1
.f;'itness(") - 1000 X El + 1’

FHERLEHT , RAFE LB R R B 5

3)PATESR, IR G AT & R E R 2 D
TE ARSI RN, A CEFE A B E AR —A
RIS

4) $hA7 IS i ER | RIS fiiER L Gene HHR;

SYPATHAEA P REH BEEEH;

6) B TREE I 1, RBITBATULRER
RS, W k21T, ETE f 4 R R T 2lE
T, BN 2) dhERiz 1T
2.2 IGEP XS HESH:

51 BHHWEREROK+L+M),HH K

(4)

NRIRER/N, L o mt AR, M ORI ZRRRTI .

ER EEETITEAMEREXT M AU
BRI O(M) FEFZI T AR h & MR B
1B, BRHEN R T B R AR O(K « M) , NE %
BEHAL LA BEE R NO0(K « L+ M),

3.3 IGEP & XIS
FERET IGEP FR RS HOR AR FIELR

HHE RLE BB (4) RPTR. Job, B, =5

(Y, = Y,)* A Ee it E AR, i SSE. Bt
ERE P, <0.5, MABIT 2 Mk

1)IGEP & 2% %R 7 R i 4L 56 K RRI B
/NI IR ZE R B R R

E(SSE..) < E(SSE..) -p,ptpmeZ{E(b,-)-

(5)
2) BUNYTTIREM LRI, BIXHER & >
0,8

limp(SSE,;, > &) = 0. (6)

DA RS i, 2T IGEP R X RBS K

RIS R i R AR SRS B 4 Ry B A e €5

B, BT ARBRAB 2R B, HIARE
HEBR b kB R R B LAY T BE.

3 HMESEBH—ET GEP fu IGEP #y
A $5 B 1B B AT

3.1 REHEHFIHR
RETGR—AERNIFELMES N RE, FH
ZZFPHERWZEEMW, X TR BRI
TR R EXER. BT IR A O 2 2 R R P
FI M P R E R RN —, ZREERZ A
BT St . BB Bk Bk SR — b b ) 51
i, EBLRA —E gk X RABORRENE. B
19 2R RS EE T ASK , FEC R4 0 T A Bt B
& EEETR R A RN RS TR, &I
MRETH A SRR KN, 10: ARMA 5
B AR Bl FE B HH . 208 FH 8808
BAEAL S J5 R K A TR IR A ] 3 57 T
%)k 0 White (1985) ' 8% 2 225 71 i 4 22 ) %%
ST IBM EHE i H 5, (B R T 25 RAR
FH 45 ; Bergerson and Wunsch(1991) UV f| F§ S&P 8%k
YRt ) 4%, TR B K Bk O 1) B9 1E 5 2R AH 2
i ; Pesaran and Timmermann (1990) ™ %1% & 25 4F



FAH

BB, 5 R R RR AW BR P BT S5 6L - 305 -

RS BOIES R 18 RO AT BRI , R A4 22 P 48 SR TR
TR A B LA TT LIRS 60% HIER 15 & X
HBESE R, B 3CE (1995) LA B2 35 A8 B T i A
hnARAE BOE &, HIMIE# R4 50% ~ 60% F
%. BHEE N THEMBPIRIEA, AMTHARIIE
FEREAR 7R T SRR 5%, Rl
BERZ ISR TS R R RS
RRA TR, 2T, AR BHERET
i IGEP R A T B SR 18 25 TR
3.2 LiEFSH ARSI E

PA B85k 2003 4F 4k 239 32 5 H B EEE v
USR8 , N GEP Al IGEP J5 3 #E47 it 6] F¥ 37 7
B, LA 2004 45 9 2 AF O KB R . i TR P 51 20 A
i, — A EBNSHOE T EHER R E. FeATx
s gl 1 ~ 13 Rap Rt TR S, R 3
XN SR S REHEAT VR OB 1B St 45048 R 3K
KA, B TR A FORHE B oKD, N BCR A
. GEP W R B ETLUAEFTEBEN
L+, -, /IBAMNEM EREMFRE L
b RE T RS AR HEE R AT
BRI , BT AFE AT o, X Beia S A1 O R
0 13 KB 57 st F AT A

VOISR, B TRERERS AEEE
£48 C HE REUEEAER, BEE -10,10] 2
8], # B S EE B REEMRE. R HS

B RBHEME 1 .
x1 BYEX
Table 1 Definition of parameters
SR SHE
BRAE 300
FREERD 60
@ﬁ% ‘+’,‘—”,‘*’ ‘/’ ‘S’ ‘C’
EHEELRKE 10
AT 5
EER +
A5 0.044
BEEAR 0.3
PREHE 0.3
EREHE 0.1
IS {fER= 0.1
ISiFEBERKE 1,2,3
RIS #HE = 0.1
RIS iR KE 1,2,3

Gene fHERZE 0.1

SR8 BRI A s B e (1) = 1000 x 1/
(E; +1) iGN H B3, BRI FEE RS RIE 13
RAR, VILERIE 13 RAZEEE ISR, K%
BLERIT

1) e R G EN R (R Ek)
164k TIGEP it , MUl SR %t h #2 4 i S o 7 R
VIR &M

2) Fi Runge-Kutta 35K f# 5040 7 72, 7+ 8 I 54
SRR (VR G i) @R, B R A L&,
IR H 5

3)$7 IGEP HEFPEAE. P4 T — Ml 5% D).

ARSI RT | A T 3T SR B3 AL
Bk, PR T BAOEEE R, BIEERR T

1) X5 W& B i 18] A 31 R A8 A7 28 48, 241 1 A
Ehars

2) $EEtE] X R R m A (10 < m < 200);

3) X ER G RAE S B AR e

4) #E(E DGR IR (4E/)) BaE] XA
3.3 BEE

AR FAER IR T www. sohu. com IF 22 fiR.
3.3.1 GEP f%!

{8/ GEP B, 2% R[5 1 4 LA /L
XA
D =d;/(dy/(dy —dy) = (dy +d,)) +d,/(dy/( 2

-ds) —d;) +ds/(dy +dy/(dy —ds) +dg +

dyp) + (dg +dy xdg/dy)/((dyy + dy) *(d; -

dy)) +d,/(d,/(dy, +d, —ds —d;) +d;) + dy,.
A :d; FREIE 13 -1 REEER.

SCER[11] 48 H AKX HA t 2 M SC R ECH
0.953 3.

R e 2 YN SRt A e 1 B S idE
SEASREN L LRE S A 1, E 2.

1 650 r

1600} f“‘ k
15504 # ﬁ?ﬁ@ : %é”%‘}%
T 1500y w0
o Lasol i
400 - LVERR B R

1 35() bes kIR RE

o d d
S M TR D R T T N S S e S S e Sl S S SR T

Bl _EIERBERa I SRR R S SRR LB 2 A
Fig.1 The compared curve between the true value and model

values of the Shanghai index part training data
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Fig.2 The compared curve between the true value and
model values of the Shanghai index part test data
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Fig.3 The IGEP algorithm for the compared curve between
the true value and model values of the Shanghai in-
dex part training data
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