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The Effect of Crossover and Mutation to DC in Early Generations
for Multimodal Function Optimization

MAasako HIMENOt and RYUTARO HIMENOf#t

Deterministic Crowding (DC) is suitable for searching for the multiple optimums of mul-
timodal functions. This paper investigates the effect of crossover and mutation in different
generations to DC. Multiple solutions can be found at smaller populations by the adapting
of uniform crossover or high-rate mutation in early generations. It is found that two-point or
one-point crossovers are useful in latter generations which are able to construct the building
blocks.
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Fig.1 F2[n=2] function.
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01 0000000000 300000
Table 1 Effect of crossover (gene length of 30 bits).

Toonono 140000 200000
1X(Pc=1.0) | 0 1(177.0) 4(151.3)
1X(Pc=0.8) 0 1(151.0) 1(142.0)
2X(Pc=1.0) 0 13(224.1) 24(221.3)
2X (Pc=0.8) 0 10(298.5) 24(278.0)
UX(Pc=1.0) | O 0 0
UX(Pc=0.8) | 0 0 0
02 00ooooo
Table 2 Combination of crossover.
Tooono 140000 200000
(0-10)UX+1X * | 0 6(189.7) 16(159.6)
(0-30)UX+1X 1(172.0) 15(175.8) 27(166.3)
(0-100)UX+1X | 4(368.2)  20(245.9)  34(223.4)
(0-10)UX+2X 2(219.0)  13(224.8)  29(196.7)
(0-30)UX+2X 1(291.0)  26(262.5)  36(214.6)
(0-100)UX+2X 3(321.3) 25(279.0) 41(260.7)
(0-30)2X+1X 0 5(124.8) 13(144.5)
(0-30)1X+2X 0 3(192.0) 3(266.7)
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Table 3 Effect of the generations adapting uniform

crossover.

70000 140000 200000
(0-30)UX+1X(470)* | 1(172.0) 15(175.8) 27(166.3)
(31-60)UX+1X(500) | 0 2(319.5)  3(156.0)
(31-60) UX+1X(530) | 0 2(319.5)  3(156.0)
(0-30)UX+2X(470) | 1(291.0) 25(253.3) 35(207.1)
(31-60)UX+2X(500) | 0 15(266.6)  25(240.2)
(31-60) UX+2X(530) | 0 15(266.6)  25(240.2)
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Table 4 Effect of the crossover provability (200
populations).

1X Pc=1.0 1X Pc=0.8 1X Pc=0.6

UX Pc=1.0 | 27(166.3)* 25(173.6)  17(192.4)
UX Pc=0.8 | 24(157.2)  19(186.3)  15(202.9)
UX Pc=0.6 | 23(160.3)  15(163.3)  14(208.4)

2X Pc=1.0 2X Pc=0.8 2X Pc=0.6

UX Pc=1.0 | 36(214.6)  36(252.2)  29(298.5)
UX Pc=0.8 | 34(210.4)  35(260.5)  26(304.9)
UX Pc=0.6 | 31(222.7)  30(286.6)  25(301.6)
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Table 5 Experimental results for gene length of 20 bits

and 40 bits.
20 bits 40000 100000
1X 1(116.0)  18(120.8)
2X 3(216.0)  35(156.5)
UX 1(380.0)  15(268.3)
(0-30)UX+1X | 7(151.2)  42(102.3)
(31-60)UX+1X | 3(120.0)  22(118.8)
(0-30)2X+1X | 4(148.2)  31(114.6)
(0-30)UX+2X | 10(192.7)  41(153.7)
(31-60)UX+2X | 5(213.7)  36(171.9)
(0-30)1X+2X | 1(199.0)  19(138.3)
40 bits 300000 700000
1X 1(180.0)  7(253.0)
2X 3(408.0)  19(322.2)
UX 0 0
(0-30)UX+1X | 4(326.5)  27(209.6)
(31-60)UX+1X | 0 2(198.5)
(0-30)2X+1X | 2(285.7)  21(210.7)
(0-30)UX+2X | 6(404.4)  36(333.1)
(31-60)UX+2X | 3(399.7)  25(346.8)
(0-30)1X+2X | 1(320.0)  6(322.7)
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Fig.2 Difference of phenotype between parents and

replaced offspring in adapting one-point crossover.
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Table 6 Relationship between mutation rate and adapting generations.

ooooo 0.01 0.05 0.1 0.3 0.5
GRS 0 3(447.3) 0 0 0

(0-30)mu +1X* 10(150.3)**  19(164.9) 30(177.7) 28(161.1) 29(153.4)
(0-50)mu 41X 18(234.6) 20(226.9) 41(222.2) 45(212.4)  33(211.5)
(0-30)mu +2X*** | 29(210.1) 33(225.8) 36(220.7) 44(207.9)  40(220.7)
(0-50)mu 42X 27(285.0) 40(257.1)  45(258.0)  49(244.9)  49(257.6)
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Fig.3 Difference of phenotype between parents and re-
placed offspring in adapting uniform crossover at
early 30 generations.
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Fig.4 Difference of phenotype between parents and re-
placed offspring in adapting uniform crossover from
31 generation to 60 generation.
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Table 7 Relationship between mutation rate and
generation size.

70000 140000
(0-30)mu0.01+1X | 0 2(139.0)

(0-30)mu0.3+1X | 1(435.0)  14(193.6)
(31-60)mu0.3+1X | 0 3(146.3)

(0-30)mu0.01+2X | 1(429.0)  20(270.8)
(0-30)mu0.34+2X | 5(243.8)  28(220.1)
(31-60)mu0.3+2X | 1(304.0)  20(271.5)
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Table 8 Experimental results for gene length of 20 bits

and 40 bits.

20 bits 40000 100000
(0-30)mu0.014+1X | 0 22(128.1)
(0-30)mu0.3+1X 19(134.1) 46(96.6)

(31-60)mu0.3+1X | 4(129.0) 39(112.5)
(0-30)mu0.01+2X | 8(248.3) 41(172.3)
(0-30)mu0.3+2X 20(207.2) 47(132.5)
(31-60)mu0.3+2X | 7(202.1) 41(160.8)
40 bits 300000 700 000
(0-30)mu0.014+1X | 3(208.3) 11(280.8)
(0-30)mu0.3+1X 5(258.0) 25(215.3)
(31-60)mu0.3+1X | 0 10(251.6)
(0-30)mu0.014+2X | 3(390.7) 21(380.2)
(0-30)mu0.3+2X 15(385.4) 37(321.6)
(31-60)mu0.3+2X | 3(424.7) 28(373.3)

09 0DO00O0O0OO0O0O0O0DODOOO

Table 9 Effects of operators in latter generations.

000 1.0 0.8 0.6
1X 28(161.5)  30(187.0)  27(212.2)
2X 44(207.9)  38(239.4)  41(304.5)
UX 6(453.5) 0 0
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Fig.5 Number of obtained solutions.
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Table 10 Experimental results for F2 function.

011 F300000

Table 11 Experimental results for F3 function.

F2[n=2] 150000 300000 S ERETIIE
X 2(177.0)  15(158.4) = 5 2603
2X 6(257.7)  22(210.8) 2X 13(440.0)  38(288.3)
UX 0 0 Ux o o
(0-30)UX+1X 7(185.7))  28(148.5) (0.50) UXFIX @6 25T
(31-60)UX+1X 3(191.7)  18(213.7) (5L100)UX+1X 1(700.0)  1(736.0)
(0-30)2X+1X 1(135.0)  20(143.2) (0-50)2X41X 22670)  20(228.8)
(0-30)mu0.3+1X | 6(227.5)  36(178.8) (0-50)mu0 111X S(1230)  23(286.9)
(31-60)mu0.3+1X | 3(183.0)  20(206.7) (51100)mu0.141X | 2(471.0)  15(487.9)
(0-30)UX+2X 12(220.3)  36(180.2) (0-50)UX+2X 21(373.7)  44(254.1)
(31-60)UX+2X 4(208.8)  16(202.7) (51-100)UX+2X 13(428.2)  35(336.2)
(0-30)1X+2X 4(215.0)  14(227.2) (0-50)1X42X s(330.7)  11(395.4)
(0-30)mu0.3+2X | 18(247.2)  45(198.1) (0-50)m0 112X 353185 18(2673)
(31-60)mu0.3+2X | 7(301.4)  22(217.8) (51-100)mu0.14+2X | 19(450.8)  43(334.7)
F2[n=3] 700000 1500 000
X 0 4(174.0)
2X 5(322.0)  22(222.9)
Ux 0 0 012 F400000
(0-30)UX+1X 3(211.0) 13(184.1) Table 12 Experimental results for F4 function.
(31-60) UX+1X 0 4(177.0) 200000 400000
(0-30)2X+1X 2(231.0)  10(177.0) X 0 11(102.0)
(0-30)mu0.1+1X | 6(190.2)  21(170.9) 2X 1(89.0) 29(83.9)
(31-60)mu0.1+1X | 0 9(178.0) UX 0 0
(0-30)UX+2X 8(312.5)  27(260.0) (0-20)UX+1X 1(95.0) 27(80.5)
(31-60) UX+2X 1(324.0)  15(251.8) (21-40)UX+1X 0 10(113.9)
(0-30)1X+2X 1(234.0)  12(244.1) (0-20)2X+1X 1(74.0) 23(74.9)
(0-30)mu0.1+2X | 9(339.6)  42(238.5) (0-20)mu0.3+1X | 5(102.2)  35(81.8)
(31-60)mu0.142X | 3(219.3)  23(255.7) (21-40)mu0.3+1X | 0 10(101.4)
(0-20)UX 42X 6(97.2) 39(89.6)
(21-40)UX+2X 2(116.5)  29(99.4)
000000000000000000000000 (0-20)1X 42X lo5)  26(77.7)
Oo0O0O0000000O0O0O0000Db0OooOoOoOoOa (0-20)mu0.3+2X 14(95.3) 47(77.7)
000000000000000000000000 (21-40)mu0.3+2X | 1(93.0) 37(99.8)
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