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Abstract: A new hybrid evolution algorithm named M-GEP-GA was proposed. It is based on the new concept of the
multi-layer chromosomes in gene expression programming ( GEP) and uses two-level evolution method, whose main idea is to
embed Genetic Algorithm (GA) in GEP where GEP is employed to optimize the structure of a model, and GA is employed to

optimize the parameters of a model. The results of experiments show that the algorithm has better search ability and higher

stability than the traditional single gene and multi-genes GEP and GP-GA method.
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PROCEDURE M-GEP-GA .3

begin

BENLBI AR P(O) 5

L P(0) HAMRIRIERIH 5

M P(0) Hhih t s M Best

t :=0;unchange :=0;

repeat
PATAE B 5
PUTEH B BRIEREL P(1) ;
T P(2) SpAMARIIERLAE ;
HRIEEPER M P(2) st T — IR P(2 + 1) ;
M P(t +1) sk cdfMA Best' ;
If ( Best {f;F Best')

Unchange + +
else
Best = Best';
If (unchange ==max_unchang)
begin
A (D) TR E NS
BERLINIR LS BRIRE Q(0) 5
T Q(0) HAMAIRIE R fE 5
s:=0;
R TRHAE REAR BRI I A1 (%%
W) M SRGHEATHAL 5
FIQ(s) HR i Mt pi R IXE RS HOM 5
end;
t:=t+1 H
until ¢ = Maxgenerations;

FP(2) s AN RGE B 5

end

X B, Maxgenerations i KL E, Hep, #HITSH
LR GA 3L 2.4 75,
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TE M-GEP-GA Sykrp  ff FHSCHR [ 4R iy —FhEE T8
R BRI E S, I ER . AEXY
T KB/ MURIERER Y -

minf(X) (X € D) , P X = (#1,22,---,4n) € R"

D={XeRIL<sx<u,i=1.2,,n},ieDFMN
BA ‘Xj, = (xlj,9x2j,9'”9xnj,) ,J = 1,2, Mg BT KR

TRV = (X e DX = ¥ o't Hob o WREKM:

M
Yo =1,-05<a <15
i=1

HEEERRIT

Begin
initialize P = {X1,X2,---,Xn} ;Xi € D
t :=0;

Xbest = arg lr;lllil"f( Xi) ;Xworst = arg lrgfg("f( Xi);
While abs(f( Xbest) - f( Xworst) > &) do
Begin
Select M points X1’, X2',-+-, Xm' from P randomly;
Select one point X’ from V randomly ;
Iff(X’) < f(Xworst) then Xworst = X';
t:=t+1
Xbest = arg lTllgnf(XL) ; Xworst = arg llllfxl(nf(Xi) ;
end; o o
Print t,p;
End
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M-GEP-GA i RA=EAMH, E— F_ERBERNF =
{+, =, /| EEBEBEENF ={ +}, ZROMEZR=
FORBEEMEEFN CEP FEENRBEMNF ={ +, -,
%,/ ,sin,cos,In,sqrt,exp} ,M-GEP-GA 5 ¥R =2 HH, 5
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FBERBRPERNF =+, -, x /o EHR—FER KK
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b o =4 LI FE100 K M 57 B 1T B E Al b, 85 3 Ak

WAL IR A IR 2 B R PRl . o3& B
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% FE = |3 ()" 3ok i HIRRECR, 3 LA,

Fh— Py
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10) AR LA € 17 51 HE B EUIE DA B R W AR B & 1 07
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K= ERERA
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Heva 2[-1,1] ZIEH A FEHLE R 20 415K
& BRI AN T,

FB= RPEE

HdE W2 3 1 SERRBUE — R ARIEH A KoK T 1979 48
~ 1991 4R Hy/NEE G500 R0 IR 3 S ST T T B R U 3 T
1996 4EMIFATE R H P » FoRBYR B A E AR 5 /N E 3%
MERNESL, y EREERELTHER, : RRLEH
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x1 SHEE
j%ftﬁié R Sk Bk Iﬁlﬁ% [ Y 3 SRR HH A5 By WA EEA ;%P_El WAL R
TREC KD Fkk HEK Bk EAHE HAR FTHE UBE BR
GEP 3000 80 30 110 0 0 1 281 0.044 0.3 0.2 0.1 0.1 0.1 0.1
£ H:H GEP 3000 80 2 13 2 14 8 281 0.044 0.4 0.2 0.1 0.1 0.1 0.1
M-GEP-GA 3000 80 (1,4,4) (5,9,16) 0 0 (6,6,1) 281 0.044 0.4 0.2 0.1 0.1 0 0
F2 LR
F—ER EALE =L
BIR PHES FEH RIER PHEMAE P iR FHES P
(%) ENE  ARE (%) ENE  ARE (%) ENE  ARE
GEP 100% 515.76 2629320 36% 342.23  123.458 96% 729.462  4.249144
Z I3 H GEP 100% 735.6 444925 60% 631.947  63.4551 97% 782.619  3.86276
M-GEP-GA 100% 983.068 29615 85% 809.409  34.7577 99% 897.686  2.963051
#3 FUEBEMNERERTNLERIER
B4y ET £ AEXTERZE( %)
BELD EZ2 3] L EZ-0]
BEA ARGy w y z T GP-GA" GEP GEP M-GEP-GA  GP-GA GEP GEP M-GEP-GA
1 1979 61.0 0.405 12 3 2.9342  2.9986  2.3294 2.7753 2.2 0.046  0.22353  7.48928
2 1980 64.8 0.397 16 3 2.9342  3.0882  2.8365 3.0019 2.2 2.939 0.0545  0.064006
3 1981 50.8 0.002 10 1 0.9552 1.0153  1.0484 0.9871 4.5 1.53 0.04844  1.28672
4 1982 52.9 0.317 18 2 2.0061 1.9016  2.2768 2.0018 0.3 4.92 0.13841  0.091689
5 1983 61.2 0.111 18 3 3.0099 2.1065 3.0277 3.1006 0.3 29.78  0.00923  3.35151
6 1984 76.0 0.521 22 4 3.9258  3.5895  4.3340 4.0543 1.8 10.26  0.08350  1.35844
7 1985 80.4 0.887 39 5 5.0203 4.6987  4.7433 4.2927 0. 4 6.025  0.05135  14.1457
8§ 198 50.9 0.391 6 1 0.9679 0.9688  1.0051 0.9948 3.2 3.12 0.00513  0.521443
9 1987 50.4 0.082 10 1 1.0696 1.0762  1.0943 1.0069 6.9 7.62 0.09430  0.91965
10 1988 41.2 0.081 9 1 0.9869 1.0714  0.7029 1.0046 1. 3 7.14 0.29713  0.456952
11 1989 60.0 0.900 25 3 3.0714 3.5512  3.3763 3.0023 2. 4 18.37  0.12543  0.075226
12 1990 80.0 1.910 27 5 4.8946  4.6082  5.0820 4.8195 2.1 7.84 0.01641  3.61051
13 1991 70.0 0.750 9 3 3.0253  2.7332  2.9134 2.9984 0.84 8.89 0.02887  0.051931
14 1996 80.0 1.020 36 5 4.9152  4.9362  4.9006 4.9622 1.7 1.28 0.01987  0.755491
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FHREFRNMEERF GEP ik, MG REHNRTRERME
A GEP Jrik. MK 3 AIE X FIUfh 5 2 100 R H L
BITERMLLEREE, M-GEP-GA J5 ¥k K H 4504 1 A8 %
REMTHIEFE GEP L F GEP fl GP-GA ik, X FLE
=,7E 100 YWiE 47 ook F BB ) GEP J5 Bk B 5 14 3@ L fB
921.602, K AiRZE N 1.272666 8, Xt B H RN -

T = (Ln(Ln(Sqrt(Exp(z)) —=1)) = Cos((Sin(y —z)/
(((x/y) = (Cos(x) = (x = (x+ ((y +2)/(2.92825 %
¥))))))/(Sqrt(x) # (x +2)))))) + Exp (Sin ((Sin(Sin
(22)) *In((y+2)))))

KA ZHEE GEP J5 ik B W& N {H R 944. 564, HAll &
WRZEH 0.99827 %t N i 5 2 K :

T =Exp((Exp( —6.43056) + (Sin(Ln((x * (Sin(Exp
(y)) +(z+((y*2)/(z2-y))))))) * Sqrt(Exp ( Cos (Sin
((x=(Exp(y) =¥)))))))))

R F M-GEP-GA J5 35 5 37 H 35 B B4 975. 749, iUl &
RN 0.598 089, Xt 7 FI T AR N «

T= (2% exp(cos /2y +In(x —2)/x) +/exp(siny) +2 *y +2/
cosz +In./exp(siny )/ sinsinz —z)// (v sin(exp(siny) ) * In/exp(siny)/
(cosx +sincos (sin (cos (sin(z/exp(siny)) ) +y) —x)) + ( /exp(siny)
+2 %y +2/cosz +In./exp(siny)/sinsinz)/y) — (cosx + sincos (sin( cos
(sin(z/exp(siny))) +y) —x)) —x)/(x + (cosx + sincos (sin ( cos (sin
(z/exp(siny))) +y) —x)) )/ (cos(y2/ (y +2/cosz +sin(y +2/cosz) ) *
exp(y +2/cosz))))) * (y +ecos /2/y +In(x —2)/x)
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WA T ¥ FE S I E GEP Tk,
3 4%
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HEFNBFERARKIIRE, R MEEAERNREEE,
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