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Abstract: In Genetic programming (GP), it is important to control program size for avoiding consume of
computational power. We address the problem of controlling bloat in this paper. One of the most effective
bloat control models is the Size-fair Model GP. In the Size-fair Model GP, the size of a new individual is
limited to as almost the same as that of parents. This method can limit bloat significantly; however, some
researchers mentioned that introns occur as a defense mechanism against destructive genetic operations. In
order to enhance the size-fair model GP, we propose a novel bloat control method based on tree size and
frequent trees, where the frequent trees mean the relatively-small sub-trees appearing frequently among pop-
ulations. Using some well-known benchmark problems and noise reduction for images, we demonstrate that
the proposed method can achieve bloat control, and performance improvement can be achieved through bloat
control based on tree size and frequent trees.
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S0: Set k «— 1.

S1: Set Py(g) < P(g).

S2: If k < I, then perform Steps S2 to S13, otherwise
stop.

S3: Set the mother tree py «— p; € Pr(g) at random.

S4: Set Pr(g) \ pk-

S5:  Set the father tree pry1 «— p; € Pr(g) at random.

m

S6: Choose a crossover node n(py*) at random from
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PO: Extract frequent trees T'(g) among elite individuals.

P1: Set k1.

P2: Set Py(g) «— P(g).

P3: If k£ < I, then perform Steps S2 to S13, otherwise
stop.

P4: Set the mother tree py < p; € Px(g) at random.

P5: Set Pr(g) \ pk.

P6: Set the father tree pyi1 < p; € Px(g) at random.

P7: Choose a crossover node n(pp*™

N(pr(9))-

P8: Extract the maximum subtree S,,,,, Whose root

) at random from

node is n(pp*m™).

P9: Calculate the size of s,,um-

P10: Choose a crossover node n(py’, ;) of a father tree
with probability proportional to evaluation measure
F(nop))-

P11: Generate a new individual py(g + 1) by crossover
between p, and ppy1, where crossover points are
n(py') and n(pjl ).

P12: Set k— k+1.

P13: Return to Step P2.
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Fig. 1 Layout of terminal nodes in a filter window.
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J A X 10% DT )

Table 1 Results of MSE (Symbolic Regression problems and images with noise 10%).

Symbolic Regression Noise 10%
Function Proposed  Size-fair | Image | Degraded Proposed  Size-fair LMA
Functionl *122.8 128.9 | D4 913.7 *252.7 257.6  260.7
Function2 *62.8 68.4 | D37 734.0 *126.2 126.4 137.3
Function3 79.3 *72.9 | D63 865.7 *317.2 322.3  301.7
Function4 *163.2 175.7 | D83 803.1 *311.3 312.1  307.6
Functionb 62.5 *60.3 | D103 1333.8 455.2 *445.3  462.1

D/ = FH A XFTITEBEZDS, T OMOREIZ B W
TWHREHED 7 — N 4 X1 Size-fair €7V GP & 1) 4>
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ZENghol. INLORRLY, HOKRD S — R A
z g(n(p}?ﬂ), n(pzwm)> mEZ A LZ7u— M IE
HIHROTH Y, REETHCSHU L £ (n ("))
REALZHAEIIBWTYH, 3G 7u—- 2RI S 20
ZENG T

4.7 EBERTAE

4.6 HilZB T, Original #1332 F B L U Size-fair €
TN GP EIERT/ — N A ADFERICREL AT LN
Ghrodz. RIS, TH— NI OB SEREAS R D5 72
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THREZ G 5. $72, 4 27V AMESBRETHMN M
BEAYT 740y OREN G RELTETH S LMA T
EHETENT T AN DR EDILET S,

F1 LR 2ICMSE OfRERT. BEFEEHETIE
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GP B TIZZN 5 OFERITINZ, LMA OfFFRE 7 4 Xk
FRIOMIE L JE % & O MSE OfFRE% ZnEIRd. F
72, TNENORMEIZB VTR b MO E 2 - 724
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BWHARE*TRL, TN5OMIE mini<<; f(pi(g)) D
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% 2 MSE DR (/4 X 20%35 & 1 40% DT {%)
Table 2 Results of MSE (Images with noise 20% and 40%).

Noise 20%
Image | Degraded Proposed Size-fair LMA
D4 1712.3 *487.7 495.5 518.5
D37 1539.8 *243.5 248.9 234.7
D63 1728.1 *576.5 585.4 542.0
D83 1538.0 *540.1 548.3 532.3
D103 2738.8 *953.9 976.3 1001.3

Noise 40%
Image | Degraded Proposed  Size-fair LMA
D4 3639.0 *1186.8 1190.5 1035.5
D37 3144.6 *555.0 565.9 497.0
D63 5804.2 *1241.9 1271.0 1123.9
D83 3142.9 *1128.1 1142.4 1030.8
D103 5804.2 *2509.9 2517.7  2331.7

b7, A% v 7 GPRBEIZBWIRER 74 VY % GP
ZHWCHBINICKOA2FADT 70 —F13 2 OFIEIZH

LTWAZEDRGhb.

JIZ, FREVE L Sizefair ETFIV GP OFER % BT 5.
FBFIEMETIE 5 DO/MEF 32T, 2% v 7 GP HEIC
WTBWTIE/ 1 X 10%? D103 Bifg LAt o R TIIRE
1575 Size-fair 7V GP L W eSS =W £ 0n5h. 2
n%@%%uf@@m)%ﬁ&ﬁ@:a@@%%ﬁbfz
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F&3 /A X20%D D37 OWED LMA OfEH
Table 3 Results of LMA in the D37 image with noise 20%.

I v @) | w v f@) Iz Y f@) | v f@) Iz v f@)
0.1 0.01 3135 | 0.3 0.01 2364 0.5 0.01 241.1 | 0.7 0.01 260.3 0.9 0.01 272.7
0.1 0.02 4442 | 0.3 0.02 259.7 | 0.5 0.02 237.7 | 0.7 0.02 2351 | 0.9 0.02 234.9
0.1 0.03 475.7 | 0.3 0.03 3086 | 0.5 0.03 253.3 | 0.7 0.03 241.2 | 0.9 0.03 235.3
0.1 0.04 483 | 0.3 0.04 384.9 0.5 0.04 274.1 | 0.7 0.04 254.3 0.9 0.04 235.3
0.1 0.05 497.1 | 0.3 0.05 446.8 0.5 0.05 3129 | 0.7 0.05 268.7 0.9 0.05 236.4
0.1 0.06 5025 | 0.3 0.06 473.2 0.5 0.06 347.2 | 0.7 0.06 304.3 | 0.9 0.06 234.7
0.1 0.07 5025 | 0.3 0.07 498.7 0.5 0.07 412.2 | 0.7 0.07 340 | 0.9 0.07 234.7
0.1 0.08 507.1 | 0.3 0.08 498.7 0.5 0.08 480.8 | 0.7 0.08 340 | 0.9 0.08 234.7
0.1 0.09 5102 | 0.3 0.09 4987 | 0.5 0.09 523.8 | 0.7 0.09 340 | 0.9 0.09 234.7
0.1 0.1 510.2 | 0.3 0.1 5194 | 0.5 0.1 570.3 | 0.7 0.1 340 0.9 0.1 240.8
0.2 0.01 2409 | 0.4 0.01 236.8 0.6 0.01 250.4 | 0.8 0.01 265 1.0 0.01 317.4
0.2 0.02 3123 | 0.4 0.02 239.8 0.6 0.02 236.5 | 0.8 0.02 2349 1.0 0.02 308.7
0.2 0.03 4262 | 0.4 0.03 266.9 0.6 0.03 245.2 | 0.8 0.03 235.7 1.0 0.03 316.2
0.2 0.04 462.1 | 04 0.04 311.7 0.6 0.04 269.2 | 0.8 0.04 244 1.0 0.04 301.4
0.2 0.05 4834 | 04 0.05 367 0.6 0.05 294.3 | 0.8 0.05 267.2 1.0 0.05 315.9
0.2 0.06 4834 | 0.4 0.06 4248 | 0.6 0.06 323.1 | 0.8 0.06 267.2 | 1.0 0.06 293.8
0.2 0.07 499.5 | 0.4 0.07 482.3 0.6 0.07 364.3 | 0.8 0.07 289.3 1.0 0.07 314.4
0.2 0.08 499.5 | 0.4 0.08 514.7 0.6 0.08 387.7 | 0.8 0.08 289.3 1.0 0.08 314.4
0.2 0.09 499.5 | 0.4 0.09 514.7 0.6 0.09 415.2 | 0.8 0.09 289.3 1.0 0.09 287.3
0.2 0.1 511.0 | 04 0.1 514.7 0.6 0.1 415.2 | 0.8 0.1 289.3 1.0 0.1 313.9

& 4 Size-fair T7V GP oL (BMEFACHE, /A X 10%OW0%)

Table 4 Results of comparison with the Size-fair Model GP (Symbolic Regression prob-
lems and images with noise 10%).
Symbolic Regression Noise 10%

Proposed Size Proposed Size
Function Time [sec.] N, Time [sec.] Ny | Image | Time [sec.] N, Time [sec.] Ny
Functionl 160.7  26.0 93.8 24.8 | D4 379.6 48.5 349.1 444
Function2 137.1  21.3 81.1 18.3 | D37 416.5 53.2 269.7  29.5
Function3 1249 30.5 89.3 33.2 | D63 408.9 52.8 257.4 27.2
Function4 82.1  34.7 93.4 359 | D83 365.3  46.8 254.2  26.8
Functionb 120.8 18.1 78.3 17.4 | D103 3925 521 257.3 289

EOFHFIER S E . 72, 2 A4 X 10%B LU 20%D 4.9 S

D4 [Hi{g1% / — ¥ 4 ADRRETH Y, FIEREH S I
& Size-fair 7NV GP IZABETH 5. FEHEIT Size-fair
EFN GP IR, 7N TY XL POICBITLEEHEARDH

:0@%VW,7»:UXAPN B DM ERITA
LIy Ty TIZO(T(9)|V) DREENEZ b,
:fV@@%@/~bﬁ%mT.L@L&#%,k%&
I Size-fair €7 )V GP OFMERER & It 5 & 245 LIF I
BoTwh., ZOMBE LT, ##EHIE FREQT % ilE&E
DHIED 721722 &, RN S WER K % x5 &
LCHEIESARZ I L, 22, bRk E 1R
L2 EZONS. TNHORKRIIIRETOH M
AL TV

*> L3 FREQT IZBWTIRAIRTAER SN A POES
ZRY.
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F 5 Sizefair T7) GP L OILEL (/4 X 20% 8 & U 40% D Wif%)
Table 5 Results of comparison with the Size-fair Model GP
(images with noise 20% and 40%).

Noise 20
Proposed Size
Image — —
Time [sec.] Ny  Time [sec.] Ny
D4 416.3  55.1 374.1 485
D37 4472  57.2 276.2  30.2
D63 422.0 54.7 268.0 29.0
D8&3 420.1  56.0 264.1 294
D103 386.2 514 261.8 28.6
Noise 40
Proposed Size
Image — —
Time [sec.] Ny,  Time [sec.] Ny
D4 448.9  59.5 432.9 545
D37 486.5 62.4 467.2 594
D63 480.8  62.7 426.4  54.0
D83 458.7  60.0 418.6  54.0
D103 435.8 574 402.0 53.1
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