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Assembling Bloat Control Strategies in Genetic Programming
Based on Frequent Tree Structures

Keiko Ono'®  Yosuiko HanapaZ?)

Abstract: In Genetic programming (GP), it is important to control program size for avoiding consume of computa-
tional 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 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 populations. 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:  Setk « 1.

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

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

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

S4:  Set Pr(g) \ pr-

S5:  Set a father tree piy; < p; € Pr(g) at random.

S6: Choose a crossover node n(p}') at random from N(pi(g)).
S7: Extract the maximum subtree s,,,,, whose root node is n(py).

S8: Calculate a size of .
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S9: Select the almost same size subtree s, .4 aS Syum in the father
tree pk+1*'.
S10:  Set a crossover node n(py, ;) whose root node is $4qq-
S11: Generate a new individual pi(g + 1) by crossover between py
and py1, where crossover points are n(p}’) and n(p
S12: Setk « k+ 1.
S12: Return to Step S1.
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PO: Extract frequent trees 7'(g) among elite individuals.

P1: Setk « 1.

P2: Set Py(g) < P(g).

P3: 1If k < I, then perform Steps S2 to S13, otherwise stop.

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

PS5:  Set Pr(g) \ px.

P6: Set a father tree pyy; < p; € Pi(g) at random.

P7:  Choose a crossover node n(p;™) at random from N(pi(g)).

P8: Extract the maximum subtree s,,,, whose root node is

77

n(py).

P9: Calculate a size of s,,.

P10:  Choose a crossover node n(p}, ) of a father tree with proba-
bility proportional to evaluation measure F(n(py’,,)).

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

P12: Setk « k+ 1.

P13: Return to Step P2.
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|1 MSE DOfiR BEFEE M)
Table 1 Results of MSE (Symbolic Regression problems).

Function ‘ Proposed Size
Functionl *122.8 1289
Function2 “62.8 68.4
Function3 79.3 *72.9
Function4 *163.2 175.7
Function5 62.5 “60.3

&2 MSE OfiR (/ A X 10%DEI).
Table 2 Results of MSE (Images with noise 10% ).

Image ‘ Degraded  Proposed Size LMA

D4 4100.8 *252.7 257.6  260.7
D37 1907.8 *126.2 1264 1373
D63 4363.3 *317.2 3223 3017
D83 3121.9 *311.3 312.1  307.6
D103 8174.7 4552  *445.3  462.1

3 MSE OfER (/ 4 X 20%DHR).
Table 3 Results of MSE (Images with noise 20%).

Image ‘ Degraded  Proposed Size LMA

D4 45439 *487.7 4955 518.5
D37 2494.7 *243.5 2489 234.7
D63 4797.0 *576.5 5854 542.0
D83 3549.3 *540.1 5483 532.3
D103 8707.2 *953.9 9763  1001.3

Fz4 MSE OFER (/ 4 X 40%DIHR).
Table 4 Results of MSE (Images with 40%).

Image ‘ Degraded  Proposed Size LMA
D4 5687.7 “1186.8  1190.5  1035.5
D37 37222 *555.0 565.9 497.0
D63 5808.7 *12419  1271.0 11239
D83 4519.2 *1128.1 11424 1030.8
D103 9984.3 *2509.9  2517.7  2331.7
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6 Results of the proposed method in the image D103 with noise 20%.
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