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Variable Size Genetic Network Programming

Katagiri Hironobu*, Student Member, Hirasawa Kotaro™, Member, Hu Jinglu*, Member,
Murata Junichi*, Member

Genetic Network Programming (GNP) is a kind of evolutionary methods, which evolves arbitrary directed
graph programs. Previously, the program size of GNP was fixed. In the paper, a new method is proposed,
where the program size is adaptively changed depending on the frequencyrof the use of nodes. To control
and to decide a program size are important and difficult problems in Evolutionary Computation, especially,
a well-known crossover operator tends to cause bloat. We introduce two additional operators, add operator
and delete operator, that can change the number of each kind of nodes based on whether a node function
is important in the environment or not. Simulation results shows that the proposed method brings about

extremely better resulis compared with ordinary fixed size GNP.
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Fig.1. Phenotype and genotype of GNP program.
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Table 3. Simulation 1: Simulation results.

] el o, .
Bl = 0.0m Pael = 0.005 pi  =0.01
Min | Ave | Max | s/f | AvePS || Min | Ave | Max | s/f [AvePS || Min | Ave [ Max | s/f | AvePS
Nt — 1 (Min = 2380, Ave = 3419.6, Max = 5401, &/f = 0/10, Program Size =13 when P2%1 = P2 =0)
Pedd — 001 [[8335 ] 4275.8 | 5486 | 2/8 | 89.9 | 2700 | 3608.5 | 4901 | 0/10| 87.5 || 2142 | 3945.0 | 5596 | 1/9 | 208.8
Podd” 005 || 4056 | 4900.1 | 5500 | 4/6 | 163.8 || 3863 | 4593.7 | 5688 | 1/0 | 93.6 || 3532 | 4476.2 | 5840 | 1/9 | 58.6
Pedd 01 || 4485 | 5011.3 | 5435 | 1/9 | 189.1 || 3579  5035.2 | 5720 | 4/6 | 145.5 || 3282 | 4515.6 | 5368 | 0/10 95.1
N = §  (Min = 3936, Ave = 4380.6, Max = 5264 s/f = 0/10, Program Size =66 when P54 = P = 0)
Pedd 001 || 3476 | 4838.2 | 5679 | 2/8 | 106.3 || 3381 | 4864.1 | 5862 | 1/9 | 355 i 3243 | 4247.1 | 5488 | 1/9 | 439
Fodd 0051 3406 | 4604.8 | 5016 | 2/8 | 195.1 || 3543 | 4537.8 [ 5856 | 0/10 | 112.8 || 2875 | 4210.8.| 5734 | 1/9 | 73.5
Pedd n 1 || 3756 | 4886.7 | 5522 | 0/10 | 225.4 || 3998 | 5011.3 | 5787 | 8/7 | 162.4 || 4151 [ 4742.3 | 5489 | 2/8 | 110.0
N =10 (Min = 3665, Ave = 4646.5, Max = 55692 s/f = 2/8, Program Size =131 when P2 = P¥), = 0)
Podd g o1 [ 3331 | 43837 | 5406 | 0/10 | 135.3 || 3360 | 4361.1 | 5256 |0/10| 757 || 3907 | 4975.7 | 5736 | 2/8 | 62.4
PoAd 005 || 3768 | 4622.0 | 5385 | 1/9 | 224.9 || 2480 | 44509 | 5406 | 1/9 | 126.0 || 2720 | 4330.8 | 5188 | 0/10 | 85.1
Pedd g1 1 2640 | 4577.3 | 5552 | 1/9 | 218.6 || 3386 | 4632.0 | 5466 | 1/9 | 172.9 || 3636 | 4724.5 | 5748 | 1/9 | 123.2
NI Z30  (Min = 3550, Ave = 4664.0, Max = 5303 5/f = 0/10, Program Size =391 when Pote = P34, = 0)
Pdd _ g 01 1] 4327 [49021.2 [ 5671 | 2/8 | 185.0 || 4259 | 5203.8 | 5914 | 4/6 | 93.7 || 3723 | 4003.0 | 5558 | 3/7 | 989
Pedd 005 || 36688 | 4537.1 | 5372 | 1/8 | 237.4 | 4576 | 5141.8 | 5492 | 2/8 | 161.4 || 4388 | 5198.8 | 5732 | 4/6 | 99.0
Pedd 0.1 |1 4383 ] 5087.8 5677 | 3/7 | 256.3 | 3583 | 4898.4 | 5751 | 2/8 | 184.9 || 4184 | 5020.0 | 5628 | 4/6 | 1455
Fitness ; i .
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Fig.5. Simulation 1: The maximum value of the best fitness over ten runs in table 3.
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Table 4. Simulation 2: Simulation results.

pdet = 0.001

mazx

Pl =0.005 Pl =001

Tma:r mGH

Min J Ave | Max I sff |AvePS

Min | Ave | Max | s/f | AvePS

Min | Ave | Max | s/f | AvePS

Nini =1

(Min = 2380, Ave = 3419.6, Max = 5401, s/f = 0/10, Program Size =13 when P2%% = pde! .. )

max

Pait —0.05]| 4163 | 4878.6 [ 5778 | 1/0 | 290.0 [ 3013 | 4688.4 | 5437 | 1/9 | 100.4 || 4445 [ 5043.8 [8494 | 2/8 | 76.4

N\i'n.i =35

(Min = 3936, Ave = 4380.6, Max = 5264 s/f = (1/10, Program Size =66 when P23 — pdel _

maox mair

max

4042 | 4596.5 | 5729 [ 1/9 | 282.4 [ 4325 [ 4903.4 [ 5632 [2/8] 145.2 [[ 3234 | 42825 [5488] 2/8 | 89.3

Pedd .05

R U

(Min = 3665, Ave = 4646.5, Max = 5592 8/f = 2/8, Program Size =131 when P2%% = poel — ()

aD mET

Hhar

Pade —0.05 || 3470 | 4189.4 | 4731 | 0/10 | 320.6 | 3888 [ 4708.9 [ 5757 | 2/8 | 150.0 [[ 2840 [ 4649.6 | 5558 | 0/10| 102.9

N =30 (Min = 3550, Ave = 4664.0, Max = 5303 s/f = 0/10, Program Size =391 when P29% = pde! . )

max max

et

Ppid = 0.05 || 3828 | 4623.6 | 5426 ] 0/10] 344.5 [ 3781 ] 4568.6 | 5789 | 2/8 | 188.1 | 3746 | 4714.9 | 5552 | 1/9 | 127.3
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Fig.6. Simulation 2:" The maximum value of the

best fitness over ten runs in table 4.
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Table 5. Simulation 3: Simulation results.

Piel = 0.001 P = 0.005 . Pl 0.01
Min | Ave | Max | s/f | AvePS || Min | Ave | Max | s/f [AvePS | Min | Ave | Max | s/f | AvePS

N =1 (Min = 2380, Ave = 3418.6, Max =.5401, s/{ = 0/10, Program Size =13 when P33 = P35, =0)

Pail = 0.05 || 3878 | 4637.6 | 5696 | 3/7 | 261.5 || 3646 | 4668.1 {5800 ] 2/8 | »7.6 || 2760 | 4917.0 | 5747] 1/9 | 62.3
NI =5 (Min = 3036, Ave = 4380.6, Max = 5264 s/f = 0/10, Program Size =66 when P24 = P, =0)

peid — .05 || 3440 | 4480.3 [5537[1/9 ] 277.0 4013 [1650.1 | 5268 [0/10 [ 110.7 || 3392 [ 4374.3 | 5657 [0/10| 74.8
N™ 10  (Min = 3665, Ave = 4646.5, Max = 5592 s/f = 2/8, Program Size =131 when PS5 = Pl = 0)

P2ET 5,05 || 3638 | 4756.3 | 5629 | 1/9 | 300.3 | 3941 | 4818.6 | 5830 | 2/8 | 118.6 || 3663 | 4877.2[ 5875 1/9 | 78.1
N =30 (Min = 3550, Ave = 4664.0,-‘]\/7.5;!: = 5303 s/f = 0/10, Program Size =301 when Padd = piel = 0)

P2 — 0 05 || 4256 | 4859.7 [ 5636 [ 2/8 | 320.4 || 3834 | 4606.5 | 5585 | 1/9 | 131.5 || 3700[4927.3 6018 [ 3/7 | 814
Fitness 6000 Ty
4 . - . A% LA

- — st !
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Fig.7. Simulation 3: The maximum value of the

best fitness over ten runs in table 5.
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