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Abstract: The traditional GEP is superior over other agorithms for function mining, but it gets easily struck at local
optimal solution and jump difficultly out of local optimal solution, and result in greater absolute error. A new GEP with
remainder is proposed. When the individuality fall in local peak, the error between function value and target value is
regarded as remainder term in proposed method. The remainder is considered as a new target value and the algorithm is
keeping on working to search the new function. This process is repeated until the error reaches desired target. The ab-

solute value of remainder which means function absolute error has been proved to converge to O in probability. The
simulation results show that the algorithm can reduce absolute error efficiently.
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Figure 1. Algorithm flow
B 1 HZERE

Table 1. Known data and value of function

® 1 BFNBIERN NN ERE

X 0 1 2 3 4 5 6 7 8 9 10
Y 0 -1.6902  -1.8624 -2.6123 39841 63977 -10.6666 —18.2858 -31.9999 -56.8888 —102.4000
Table 2. Parameter of GEPin example 1
&2 5l 15 GEP HEBH
[P NN BRI EE HLERTEE LK LA HEBAT A XUREH A 53 g
40 {+, — *, /Pfsqrt exp,pow2} {x} 6 5 + 0.3 0.05
Table 3. Absolute error of remainder term and timesin this paper’s GEP
* 3. AXEEEBITHRBERTNEITRE
BT P4 1st 2nd 3rd 4th 5th 6th 7th
RILALXS 1R 78 89.4288 33.7167 11.6531 4.9738 2.2261 0.9362 0.4164
Table 4. Absolute error of remainder term in other algorithms
R 4. HEHZKTINERE
Bk %%i GEP V3 GEPY SCHR[8]GEP SCHR[9IGEP
AL R % 84.2451 70.2453 75.0148 65.1785

A% YR S0 X 7 A e EUE matlab 73] R e
(Hor PERIRFTT, sart FRosITT7, exp Fow e JLIK
77, pow2 Fox 2 1 JLIRTT)

100) = (((((cos((PF(x)) — 134.5642)) — (log(exp(x))))

+ ((cos(x)).* ((131.7114./58.0034)..x X)))

+ ((exp(103.8348./103.8348)) — (log(exp(x)))))

+ ((cos((Pf(x)) — 103.3699)) — (log(exp(x)))))

+ ((cos((Pf(x)) — 103.3699)) — (log(exp(X))))

f1(x) = ((((log((sart(146.7804)) — (sart(145.4349))))
+ (PF((Pf(cos(127.7232))) /((cos(120.393))./x))))
+ (x* (COS(75.9632.% (x — 123.7387)))))

+ (X* (cos(pow2(X))))) + (X.x (cos((x.x 82.5155).» 69.6198)))

£,(x) = (((((SN((58.2934 + 148.5415) — X))
— (cos(x — 120.0442))) + (sart(Pf(Pf(log(log(log(x))))))))
+ (sart(Pf(log(log(log(x))))))) + ((Sin(cos(54.0402)))
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— (cos(Pf(x))))) + (sart(log(x)))

f2(x) = ((((sin(log((pow2(x)) + 98.3977))) + (sin(79.48)))
+ (Pf(cos(111.6784 + ((70.256 — 140.9393) — x)))))

+ (cos(PF(PF((P(x)) + (sin(111.4544)))))))

+ (sin((sin(sin(69.2887))) + X))

f4() = ((((sin(141.7667 — ((cos(101.7531))./(exp(X)))))

+ (sin(141.7667 — (x./(125.4522 — x)))))

+ (cos(cos((x./72.2168) — X))))

+ (((cos(141.7667))./65.9912)./(cos(x — 143.5077))))

+ (((cos(116.245))./50.2904)./(cos(x — 75.7064)))

f5(X) = ((((c0s(21.5928)) + (x./(log((18.0318.—12.9895).

*(tan(8.133)))))) + (sart(x + (sin(exp(x))))))
+ ((tan((—42.0622 + 27.6526).*X)).
*(exp(tan(—13.856))))) + (x./—2.7459)

fs(X) = (((tan(12.1602)) + (sqrt(exp(~12.3872 — (tan(x
+47.0742)))))) + (sin(((sin(16.3804))
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— (cos(x)))./(23.9285 — 35.2539))))
+ (log(log(log(7.2971 + 26.8556)))))
+ (log(log(log(x + 21.0724))))

CIER N o
Gn (%)= fo ()= f.(X) + £, (X) = f1(x)
+f,(x)— f5(x)+ fs ()

M A TTLLEH, e R AR SRR,
AR AR VFZ o 2 PR AT 8] B N 21 Je) 30 g
Tkt R e R, HIEROSKEII TN, +
LI T BVE AR B (R BRI A o

Bl 2. CHIREL xy+sinz+ y—2z= 0K FdE
Mo Hrix, yRALE, XK.

HUx M1, 25K 1 B3 15 By FIE 251008 1.
4. 6. 8. 10, 11. 12, 13. 14. 15, 14. 13, 12,
11, 10; ) z I AUME 2373 = 1.4987. 5.7428. 115841,
20.4985. 29.5254., 38.9790. 47.7195. 58.8669. 70.4904.
82.9819. 84.2648. 84.6070. 84.2648. 82.9819. 79.5710.

AL B IAE B 4T ILIR GEP, #HAT — IR
GEP 5Ly B 2P M LA AL J5 A5 1 3 3R —ik
GEP. H A fLIKIEA#ER A 3000~4000 X2 8], )5
B3 H 4 xR 22 0.4946. GEP fURNEE K /N A 50, 4
SRR (XY}, HREENSHESH 1 —8, 1817
M4 R SHMEIE 5. £ 6 e LS Bk
NI PR LR, BRI+ Tk, B[]
PEAR SCRVE K 7 5 A A

MR 5 LA AR IR AE B WG, 52
AT LIRS, ZEXHRZEN 0.4946 IR M, 1X
9 ANEREAE matlab 43 1 o N
fo(xy) = ((((-25.4089.% (sin((sin(X)) .= (exp(y)))))

+ (29.8251./(x./(cos(x))))) + ((tan(tan(—42.5343)))./((4.239

+5.0885) — X)) + ((log((37.2277 + 48.553) + (x
+27.9716)))+y)) + ((tan(x))./(y — (49.8421 + —25.0548)))

fi(xy) = ((((sin(-42.0939.x (x.X))) + ((sart(y))
—(sart(x)))) + (tan(((exp(x))./—24.4613) + 41.4499)))
+ (tan(((exp(y))./ —24.4613) + 41.4499)))

+ (sin(exp(6.357.xX)))

f2(xy) = (((((cos(tan(x))) — (cos(43.239 — x)))
+ (cos((tan(x + —45.234)) — ((y + —0.32417) + 36.6797))))
+ ((cos(cos(x.+—21.3063))) — (cos(y — x1))))

+ ((c0S(25.8049.+y)) — (cos(x — 30.0173)))) + (tan(14.7871))

fa(x,y) = ((((cos((log(1.8924.xX)).* ((sqrt(x)) + —2.7489)))
+ (((exp(log(7.373))).* (x./ —=31.2222)).1y))

+ (sin(((y./-12.7764) — 21.1144) + (tan(y)))))

+ (tan(exp(((21.1673./4.3211) — X)
—(3.0926./-37.2416)))))

+ ((sin(x))./((16.256./x)./(sin(-11.6814))))

fa(xy) = (((((cos(y))/(6.7902./y))./x)

+ (((cos(x.ly))./(tan(y)))./-11.0982)) + (((cos(yl
+-8.6014)).* (6.8313./-7.8236))./x))

+ (7.4172./((16.474.X).+X))) + (((cos(y
+ 41.6725))./(6.8313 + —7.8236))./X)

fs(x,y) = (((((sart(sart(47.9053)))./((tan(y))
+ (x* 16.5046))) + (tan(20.9977)))

+ ((sqrt(sart(22.295)))./((tan(y)) + (x.» 16.5046))))

+ (sin(sart(sart(log((1og(4.0665)).*x))))))
+ (cos(tan(cos(tan(—30.8088)))))

fs(%,Y) = (((((cos((tan(x))./(cos(—26.2507))))./—7.5107)
+ ((cos((x + 29.1853)./(cos(—47.9561))))./-5.3512))
+ (cos(—22.0108))) + ((14.036.* (exp(x))).* (exp(-33.0892

+X)))) + (cos(x./((x/-6.1815) + (18.3516 + y))))

f(xy) = ((((tan((sin(~34.8766))./-19.3672))./(tan(x
+18.1566))) + (sin(43.1931))) + (tan(y)))
+ (((Sin(39.3572)). (cos(~13.079))).+ (cos(cos(7.2514)))))

+ ((sart(exp(—36.5906 — x))) ~{tan(y)))

fa(xy) = (((((Sin(47.1824))./((cos(27.4635)) — (y — X)))
+ ((Sin(47.1824))./((41.1919 — 34.4963) —y)))

+ ((tan((sin(-41.2997))./X))./(exp(x))))

+ (sart(sart(((exp(y)) —y)-/(exp(28.1329))))))

+ ((sin(cos(exp(y)))) /(exp(sart(x))))

Table5. Absolute error of remainder term and timesin this paper’s GEP

=5 HEBITRHNABERTINERRE

BT 1st 2nd 3rd 4th

5th 6th 7th 8th 9th

RILLFTHR 2 73.9430

22.9959 9.9490 6.8030

4.2427 3.2437 1.5637 1.0807 0.4946

Table 6. Absolute error of remainder term in other algorithms

% 6. HEEZARTINAENIRE

Bk f£4; GEP /N8 GEPH Y HR[9)GEP W HR[10]GEP
RILEIHR 2 70.2451 45.0483 54.1589 55.9452
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g, (%)= fo (% y)- fi(x y)+ f,(xy)
—f,(xy)+ f(xy)- fs (X y)
+fs(xy)—f,(xy)+ f5(xy)
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