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Summary

This paper is motivated by an experimental result that better performing genetic programming runs
tend to have higher phenotypic diversity. To maintain phenotypic diversity, we apply implicit fitness sharing
and its variant, called unfitness multiplying. To apply these methods to problems in which individuals have
infinite kinds of possible behaviours, we classify posible behaviours into 50 achievement levels, and assign a
reward or a penalty to each level. In implicit fitness sharing a reward is shared out among individuals with
the same achievement level, and in unfitness multiplying a penalty is multiplied by the number of individuals
with the same level and is distributed to related individuals. Five benchmark problems (11-multiplexer,
sextic polynomial, four-sine, intertwined spiral, and artificial ant problems) are used to illustrate the effect
of the methods. The results show that our methods clearly promote diversity and lead population to a
smooth frequency distribution of achievement levels, and that our methods usually perform better than the
original implicit fitness sharing on success rate and the best (raw) fitness. We also observe that the unfitness
multiplying makes a quite different ranking over individuals than the one by the implicit fitness sharing.
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shr2-mul2 |—0.0132| 0.0464 shr2-mul2 | 0.4564|—0.0085
raw-shr2 0.8902| 0.7955 raw-shr2 |0.9886| 0.6492
mul2| raw-mul2 |—0.0129(—0.3738 mul2| raw-mul2 | 0.3962(—0.1138
shr2-mul2 0.0289|—0.2981 shr2-mul2 | 0.4098| 0.0635
05 Spearman 0000 (6000) 0 6 Spearman 0 O0OO (4sin) 07 Spearman 0000 (DOD0OO)
og ooooo 0 100 oo ooooad 0 100 oo ooooad 0 500
oo oo ooo ooo oo oo ooo ooo oo oo ooo ooog
raw-shr2 0.2170{—0.0110 raw-shr2 0.0691|—0.0630 raw-shr2 0.4458| 0.4910
raw-shr50 | 0.0204| 0.1173 raw-shr50 |—0.0072|—0.0273 raw-shr50 | 0.1839|—0.2588
raw-mul2 | 0.1317| 0.7309 raw-mul2 0.1752( 0.2116 raw-mul2 |—0.0111|—-0.1597
raw-mul50 | 0.2848| 0.7340 raw-mul50| 0.2880| 0.1935 raw-mul50 [—0.0456|—0.4445
raw | shr2-shr50 |0.8247| 0.7380 raw | shr2-shr50 | 0.9843| 0.9101 raw | shr2-shr50 | 0.7300| 0.3528
shr2-mul2 | 0.4077| 0.0684 shr2-mul2 0.0963| 0.0172 shr2-mul2 0.0370{ 0.1118
shr2-mul50| 0.2032| 0.0104 shr2-mul50| 0.0713[—0.0435 shr2-mul50| 0.0362(—0.2159
shr50-mul2 | 0.0824| 0.1679 shr50-mul2 0.0156| 0.0511 shr50-mul2 0.0153| 0.2589
shr50-mul50| 0.0216] 0.1220 shr50-mul50|—0.0051{—0.0170 shr50-mul50| 0.0368| 0.0683
mul2-mul50| 0.1458| 0.6935 mul2-mul50| 0.1557| 0.1169 mul2-mul50| 0.0536| 0.2484

raw-shr2 | 0.2317|—0.1037 raw-shr2 0.1082|—0.0289 raw-shr2 0.4540| 0.9501
raw-shr50 | 0.0376|—0.0601 raw-shr50 | 0.0349|—0.0244 raw-shr50 | 0.1912| 0.5596
raw-mul2 | 0.1396| 0.3470 raw-mul2 0.1659| 0.1950 raw-mul2 |—0.0212|—0.0879
raw-mul50 | 0.3506| 0.3307 raw-mul50| 0.2831| 0.1026 raw-mul50 |—0.0273|—0.1303

shr50 | shr2-shr50 |{0.8274| 0.8932 shr50| shr2-shr50 | 0.9843| 0.9673| |shr50| shr2-shr50 | 0.7299| 0.6720
shr2-mul2 | 0.3809|—0.0826 shr2-mul2 0.1172{—0.0449 shr2-mul2 0.0413{—0.0450
shr2-mul50| 0.2065(—0.1993 shr2-mul50| 0.1128(—0.0135 shr2-mul50| 0.0702(—0.0949
shr50-mul2 | 0.0503|—0.0456 shr50-mul2 0.0381|—0.0380 shr50-mul2 0.0183|—0.0122

shr50-mul50| 0.0247|—0.1625 shr50-mul50| 0.0400|—0.0086 shr50-mul50| 0.0848|—0.0555

mul2-mul50| 0.1533| 0.1667 mul2-mul50| 0.1598| 0.0297 mul2-mul50| 0.0723| 0.6216
raw-shr2 0.2190| 0.0145 raw-shr2 0.0884]—0.0198 raw-shr2 0.4535| 0.9588
raw-shr50 | 0.0163| 0.0228 raw-shr50 | 0.0119(/-0.0214 raw-shr50 | 0.1894| 0.2614
raw-mul2 | 0.1229| 0.3491 raw-mul2 0.1934| 0.1608 raw-mul2 |—0.0359|—0.1367
raw-mul50 | 0.3476| 0.4098 raw-mul50| 0.2704| 0.1139 raw-mul50 |—0.0464|—0.0645

mul50| shr2-shr50 [0.8248| 0.9489| |mul50| shr2-shr50 | 0.9844| 0.9821| |mul50| shr2-shr50 | 0.7312| 0.3642
shr2-mul2 | 0.3475| 0.1143 shr2-mul2 0.1098(—0.0111 shr2-mul2 0.0150{—0.0810
shr2-mul50| 0.2040[ 0.0157 shr2-mul50| 0.1003|—0.0322 shr2-mul50| 0.0087—0.0255

shr50-mul2 | 0.0082| 0.1168 shr50-mul2 0.0315{—0.0112 shr50-mul2 0.0101| 0.0216

shr50-mul50| 0.0246| 0.0327 shr50-mul50| 0.0258{—0.0313 shr50-mul50 [—0.0018| 0.0289

mul2-mul50| 0.1325| 0.2389 mul2-mul50| 0.1542| 0.1661 mul2-mul50| 0.0591| 0.3082
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ogooooo odooooooooooog g
Oog Ood OO0 tsize g=1 8=2 B=4 B=06 8=38
faneso2ys()  (tsize=4) | 78.3% | 82.3% | 76.7% | 68.3% | 76%
Faneso(s)/5()  (tsize—4) 90% | 84.3% 84% | 78.7% | 80.7%
600000 Jsnrso10)/8()  (tsize=4) 88.3% 87% | 83.7% 82% 82%
00 (30000) | umwso)s()  (tsize=4) 95% | 89.3% | 81.3% 9% | 78.7%
Unniz0(0.01),5() (tsize=4) | 88.3% | 86.3% | 88.7% | 79.3% | 8L.1%
Umuis0(0.1)/8()  (tsize=4) 57.7% 1% 85% | 73.7% 79.7%
faneso2y()  (tsize=7) 37% | 123% | 14.0% | 9.7% | 12.0%
Jsesos)/p()  (tsize=T7) 26.7% | 16.7% 8.0% | 11.0% | 10.0%
4sin 0O fasoi0y/5()  (tsize=T7) | 18.7% | 8.3% | 9.3% | 127% | 8.0%
(30000) Unato(0)/()  (tsize=6) | 14.7% | 9.3% | 4.0% | 6.0% | 2.3%
Umut50(0.01)/8()  (tsize=0) 12.3% | 10.7% 5.3% 7.7% 3.0%
Umutz00.1)/5()  (tsize=6) 11.7% 8.7% 4.3% 5.3% 5.7%
fshr50(2)/6() (tsize=7) 0% 0% 0% 0% 0%
(7.4) (11.1) (15.9) (14.7) (12.5)
fshrs0(5)/8 () (tsize=T) 13% 18% 22% 22% 33%
oooooo Jsnrso(10)/8()  (tsize=7) 57% 60% 45% 55% 51%
(10000) Unniso(0)/8()  (tsize=5) 00% | 00% | 00% | 1.0%]| 0.0%
(470.8) | (462.1) | (510.0) | (478.5) | (442.8)
Umut50(0.5)/5()  (tsize=b) 77% 62% 72% 65% 65%
Unnatso(1)/5()  (tsize=5) 92% | 85% | 80% | 70% | 69%
Umuiso2)/s()  (tsize=5) 86% 84% 5% 61% 64%
Unnso(a)/5()  (tsize=5) 87% | 80% | 69% | 58% | 61%
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