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Follow-up Discussion on 8x8 Labyrinth Navigating Robot with Genetic Algorithms

 Introduction


In my write-up for the "Labyrinth Solving via Genetic Algorithms" homework assignment  #2, I asserted that for a labyrinth type problem using mutation without crossover performed better than mutation with crossover. In this follow-up discussion I present statistics that clarify this question.


I prepared a series of labyrinth runs to be performed with and without crossover. Getting statistics was time-consuming. In order to have something to report within some reasonable proximity of the assignment, I set several variables to a constant value: the maze, the maximum number of generations allowed before treating the run as a failure (500), the starting position, the ending position, and the number of genes in the initial chromosomes (3, randomly generated), and the number of runs per case (50). The crossover point was taken from a random position in the shorter length chromosome, which is unchanged from my original program. The one factor that was allowed to change was the average mutation number (1 through 10).
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Results

At their best, both mutation with crossover and mutation without crossover were nearly the same. Both methods yielded 40% success rate at their peak, meaning 20 out of 50 times the robot would reach the exit. The difference between the methods seems to be that mutation without crossover required fewer average number of mutations to reach its peak performance.


Below the results are displayed. Mutation with crossover required 10 mutations on average per generation to reach its minimum final distance to be exit, whereas mutation without crossover required only 7. Mutation with crossover required 8 mutations on average per generation to reach its maximum success rate, whereas mutation without crossover required only 5. 


There is no clear winner in my estimation. I imagine running this type of experiment again would yeild similar results, but one method might randomly appear to perform slightly better given just 50 runs per case. I think that 1000 runs would yield more typical statistics.


In terms of computation cost of the methods, however, mutation with crossover requires much more time than mutation without crossover. While the chromosome length changes over time, I estimate its average length to be at least 20, or costing 20 memory transfers. Mutation costs one memory transfer per mutation. Therefore the computational cost champion is mutation without crossover.
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		203		-5.6568542495		360		-5		270		-5		191		-5		171		-5		177		-5		253		-5		232		-5		274		-5		264		-5
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		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-3.6055512755		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-2.236067977

		500		-5		500		-5		500		-4.1231056256		500		-3.1622776602		500		-3.1622776602		500		-4.1231056256		500		-1.4142135624		500		-2.236067977		500		-2.236067977		500		-2.236067977

		500		-5		500		-5		500		-4.1231056256		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-1.414213562		500		-1.414213562		500		-2.236067977

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-1		500		-1.414213562		500		-2.236067977

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-2.2360679775		500		-3.1622776602		500		-1		500		-1		500		-1.414213562		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-3.1622776602		500		-1		500		-1		500		-1		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-2.2360679775		500		-1		500		-2.2360679775		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1.4142135624		500		0		500		-1.4142135624		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1		500		0		500		-1		500		0		500		0		500		-1		500		-1

		500		-1		500		-4.1231056256		500		-2.2360679775		500		-1		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		-1.4142135624		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-1		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		22154		-176.0046578922		23269		-203.6981732337		21810		-154.1163700034		20787		-141.8112153644		20502		-130.7275108008		21231		-144.4486689325		21671		-121.5912130469		20984		-113.544780172		21711		-109.012174661		21973		-119.578227556

		443.08		3.5200931578		465.38		4.0739634647		436.2		3.0823274001		415.74		2.8362243073		410.04		2.614550216		424.62		2.8889733787		433.42		2.4318242609		419.68		2.2708956034		434.22		2.1802434932		439.46		2.3915645511

												3.5200931578		4.0739634647		3.0823274001		2.8362243073		2.614550216		2.8889733787		2.4318242609		2.2708956034		2.1802434932		2.3915645511
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		10		7		15		16		19		17		18		20		17		17												-5		128		-5		129		-5

		1		2		3		4		5		6		7		8		9		10		11		12		13		-5		141		-5		130		-5		204		-5

		3.5200931578		4.0739634647		3.0823274001		2.8362243073		2.614550216		2.8889733787		2.4318242609		2.2708956034		2.1802434932		2.3915645511				-5		124		-5		147		-5		200		-5		221		-5

		20.00%		14.00%		30.00%		32.00%		38.00%		34.00%		36.00%		40.00%		34.00%		34.00%				-5		204		-5		173		-5		219		-5		222		-5

																								-5		226		-5		218		-5		269		-5		258		-5

		203		-5.6568542495		360		-5		270		-5		191		-5		171		-5		177		-5		253		-5		232		-5		274		-5		264		-5

		256		-5.3851648071		466		-5		271		-5		204		-5		176		-5		200		-5		285		-5		241		-5		287		-5		306		-5

		295		-5		500		-5		295		-5		209		-5		239		-5		208		-5		321		-5		246		-5		296		-5		313		-5

		334		-5		500		-5		297		-5		228		-5		243		-5		253		-5		342		-5		265		-5		303		-5		339		-5

		410		-5		500		-5		314		-5		262		-5		251		-5		324		-5		342		-5		281		-5		328		-5		340		-5

		500		-5		500		-5		360		-5		276		-5		278		-5		342		-5		345		-5		289		-5		335		-4.123105626		354		-5

		500		-5		500		-5		360		-5		290		-5		281		-5		360		-5		349		-5		324		-5		348		-4.123105626		362		-5

		500		-5		500		-5		382		-5		300		-5		308		-5		368		-5		374		-5		350		-5		369		-4.123105626		402		-4.123105626

		500		-5		500		-5		426		-5		349		-5		336		-5		392		-5		416		-5		379		-4.123105626		372		-4.123105626		404		-4.123105626

		500		-5		500		-5		478		-5		436		-5		352		-5		432		-5		449		-5		383		-4.123105626		395		-4.123105626		443		-4.123105626

		500		-5		500		-5		500		-5		492		-5		356		-5		447		-5		471		-4.1231056256		401		-4.123105626		476		-3.16227766		451		-4.123105626

		500		-5		500		-5		500		-5		500		-5		379		-4.1231056256		494		-5		484		-4.1231056256		438		-4.123105626		482		-3.16227766		461		-4.123105626

		500		-5		500		-5		500		-5		500		-5		386		-4.1231056256		500		-5		492		-4.1231056256		442		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		461		-4.1231056256		500		-5		500		-4.1231056256		449		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		473		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		500		-3.16227766		500		-3.16227766		500		-3.16227766

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		500		-3.16227766		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-3.6055512755		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-2.236067977

		500		-5		500		-5		500		-4.1231056256		500		-3.1622776602		500		-3.1622776602		500		-4.1231056256		500		-1.4142135624		500		-2.236067977		500		-2.236067977		500		-2.236067977

		500		-5		500		-5		500		-4.1231056256		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-1.414213562		500		-1.414213562		500		-2.236067977

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-1		500		-1.414213562		500		-2.236067977

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-2.2360679775		500		-3.1622776602		500		-1		500		-1		500		-1.414213562		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-3.1622776602		500		-1		500		-1		500		-1		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-2.2360679775		500		-1		500		-2.2360679775		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1.4142135624		500		0		500		-1.4142135624		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1		500		0		500		-1		500		0		500		0		500		-1		500		-1

		500		-1		500		-4.1231056256		500		-2.2360679775		500		-1		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		-1.4142135624		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-1		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0





mut

		500		-9.219544457		86		-6.32455532		86		-4.123105626		60		-5.099019514		87		0		124		0		124		-5.656854249		124		-5.656854249		204		-5		204		-5

		500		-8.485281374		94		-5.656854249		100		-6.403124237		81		-5		94		0		144		0		144		-5		144		-5		218		-5		218		-5

		500		-8.485281374		183		-5.656854249		160		-5		87		-5		100		0		166		0		166		-5		166		-5		224		-5		224		-5

		500		-8.485281374		196		-5.656854249		163		-5		167		-5		107		0		171		0		171		-5		171		-5		238		-5		238		-5

		500		-8.062257748		210		-5.099019514		205		-5		178		-5		116		0		171		0		171		-5		171		-5		238		-5		238		-5

		500		-8.062257748		213		-5		209		-4.123105626		189		-5		122		0		181		0		181		-5		181		-5		252		-5		252		-5

		500		-8.062257748		242		-5		220		-5		195		-5		126		0		184		0		184		-5		184		-5		310		-5		310		-5

		500		-7.810249676		264		-5		255		-5		239		-5		153		0		193		0		193		-5		193		-5		327		-5		327		-5

		500		-7.211102551		265		-5		264		0		254		-5		164		0		206		0		206		-5		206		-5		342		-5		342		-5

		500		-6.708203932		267		-5		282		-5		290		-5		233		0		233		0		233		-5		233		-5		460		-5		460		-5

		500		-6.32455532		276		-5		300		-5		308		-5		251		0		238		0		238		-5		238		-5		481		-5		481		-5

		500		-5.830951895		376		-5		380		-5		377		-5		261		0		250		0		250		-5		250		-5		485		-5		485		-5

		500		-5.656854249		500		-5		500		-5		399		-5		272		0		250		0		250		-5		250		-5		487		-5		487		-5

		500		-5.656854249		500		-5		500		0		500		-5		338		0		294		0		294		-5		294		-5		500		-5		500		-5

		500		-5.656854249		500		-5		500		-3.16227766		500		-5		359		0		304		0		304		-5		304		-5		500		-5		500		-5

		500		-5.656854249		500		-5		500		0		500		-5		367		0		366		0		366		-5		366		-5		500		-5		500		-5

		500		-5.656854249		500		-5		500		0		500		-5		369		0		406		0		406		-4.123105626		406		-4.123105626		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		0		500		-5		403		0		432		0		432		-4.123105626		432		-4.123105626		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		-6.403124237		500		-5		428		0		464		0		464		-4.123105626		464		-4.123105626		500		-4.123105626		500		-4.123105626
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		101		-8.602325267		96		-6.4031242374		77		-5		79		-5.8309518948		141		-5		115		-5.6568542495		94		-5		112		-5		128		-5		129		-5

		130		-8.0622577483		113		-5.6568542495		161		-5		90		-5.6568542495		157		-5		137		-5		100		-5		141		-5		130		-5		204		-5

		132		-7.8102496759		173		-5.6568542495		164		-5		112		-5		158		-5		151		-5		124		-5		147		-5		200		-5		221		-5

		135		-5.8309518948		259		-5.6568542495		200		-5		122		-5		163		-5		165		-5		204		-5		173		-5		219		-5		222		-5

		158		-5.6568542495		302		-5.0990195136		255		-5		147		-5		166		-5		166		-5		226		-5		218		-5		269		-5		258		-5

		203		-5.6568542495		360		-5		270		-5		191		-5		171		-5		177		-5		253		-5		232		-5		274		-5		264		-5

		256		-5.3851648071		466		-5		271		-5		204		-5		176		-5		200		-5		285		-5		241		-5		287		-5		306		-5

		295		-5		500		-5		295		-5		209		-5		239		-5		208		-5		321		-5		246		-5		296		-5		313		-5

		334		-5		500		-5		297		-5		228		-5		243		-5		253		-5		342		-5		265		-5		303		-5		339		-5

		410		-5		500		-5		314		-5		262		-5		251		-5		324		-5		342		-5		281		-5		328		-5		340		-5

		500		-5		500		-5		360		-5		276		-5		278		-5		342		-5		345		-5		289		-5		335		-4.123105626		354		-5

		500		-5		500		-5		360		-5		290		-5		281		-5		360		-5		349		-5		324		-5		348		-4.123105626		362		-5

		500		-5		500		-5		382		-5		300		-5		308		-5		368		-5		374		-5		350		-5		369		-4.123105626		402		-4.123105626

		500		-5		500		-5		426		-5		349		-5		336		-5		392		-5		416		-5		379		-4.123105626		372		-4.123105626		404		-4.123105626

		500		-5		500		-5		478		-5		436		-5		352		-5		432		-5		449		-5		383		-4.123105626		395		-4.123105626		443		-4.123105626

		500		-5		500		-5		500		-5		492		-5		356		-5		447		-5		471		-4.1231056256		401		-4.123105626		476		-3.16227766		451		-4.123105626

		500		-5		500		-5		500		-5		500		-5		379		-4.1231056256		494		-5		484		-4.1231056256		438		-4.123105626		482		-3.16227766		461		-4.123105626

		500		-5		500		-5		500		-5		500		-5		386		-4.1231056256		500		-5		492		-4.1231056256		442		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		461		-4.1231056256		500		-5		500		-4.1231056256		449		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		473		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		500		-3.16227766		500		-3.16227766		500		-3.16227766

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		500		-3.16227766		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-3.16227766
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		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-1		500		-1.414213562		500		-2.236067977

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-2.2360679775		500		-3.1622776602		500		-1		500		-1		500		-1.414213562		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-3.1622776602		500		-1		500		-1		500		-1		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-2.2360679775		500		-1		500		-2.2360679775		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1.4142135624		500		0		500		-1.4142135624		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1		500		0		500		-1		500		0		500		0		500		-1		500		-1

		500		-1		500		-4.1231056256		500		-2.2360679775		500		-1		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		-1.4142135624		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-1		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0
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		10		7		15		16		19		17		18		20		17		17												-5		128		-5		129		-5

		1		2		3		4		5		6		7		8		9		10		11		12		13		-5		141		-5		130		-5		204		-5
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		20.00%		14.00%		30.00%		32.00%		38.00%		34.00%		36.00%		40.00%		34.00%		34.00%				-5		204		-5		173		-5		219		-5		222		-5

																								-5		226		-5		218		-5		269		-5		258		-5

		203		-5.6568542495		360		-5		270		-5		191		-5		171		-5		177		-5		253		-5		232		-5		274		-5		264		-5

		256		-5.3851648071		466		-5		271		-5		204		-5		176		-5		200		-5		285		-5		241		-5		287		-5		306		-5

		295		-5		500		-5		295		-5		209		-5		239		-5		208		-5		321		-5		246		-5		296		-5		313		-5

		334		-5		500		-5		297		-5		228		-5		243		-5		253		-5		342		-5		265		-5		303		-5		339		-5

		410		-5		500		-5		314		-5		262		-5		251		-5		324		-5		342		-5		281		-5		328		-5		340		-5

		500		-5		500		-5		360		-5		276		-5		278		-5		342		-5		345		-5		289		-5		335		-4.123105626		354		-5

		500		-5		500		-5		360		-5		290		-5		281		-5		360		-5		349		-5		324		-5		348		-4.123105626		362		-5

		500		-5		500		-5		382		-5		300		-5		308		-5		368		-5		374		-5		350		-5		369		-4.123105626		402		-4.123105626

		500		-5		500		-5		426		-5		349		-5		336		-5		392		-5		416		-5		379		-4.123105626		372		-4.123105626		404		-4.123105626

		500		-5		500		-5		478		-5		436		-5		352		-5		432		-5		449		-5		383		-4.123105626		395		-4.123105626		443		-4.123105626

		500		-5		500		-5		500		-5		492		-5		356		-5		447		-5		471		-4.1231056256		401		-4.123105626		476		-3.16227766		451		-4.123105626

		500		-5		500		-5		500		-5		500		-5		379		-4.1231056256		494		-5		484		-4.1231056256		438		-4.123105626		482		-3.16227766		461		-4.123105626

		500		-5		500		-5		500		-5		500		-5		386		-4.1231056256		500		-5		492		-4.1231056256		442		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		461		-4.1231056256		500		-5		500		-4.1231056256		449		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		473		-4.123105626		500		-3.16227766		500		-4.123105626

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		500		-3.16227766		500		-3.16227766		500		-3.16227766

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-5		500		-4.1231056256		500		-3.16227766		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-3.16227766

		500		-5		500		-5		500		-4.1231056256		500		-4.1231056256		500		-3.6055512755		500		-4.1231056256		500		-3.1622776602		500		-2.236067977		500		-2.236067977		500		-2.236067977

		500		-5		500		-5		500		-4.1231056256		500		-3.1622776602		500		-3.1622776602		500		-4.1231056256		500		-1.4142135624		500		-2.236067977		500		-2.236067977		500		-2.236067977

		500		-5		500		-5		500		-4.1231056256		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-1.414213562		500		-1.414213562		500		-2.236067977

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-1		500		-1.414213562		500		-2.236067977

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-2.2360679775		500		-3.1622776602		500		-1		500		-1		500		-1.414213562		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-3.1622776602		500		-1.4142135624		500		-3.1622776602		500		-1		500		-1		500		-1		500		-1

		500		-5		500		-5		500		-3.1622776602		500		-2.2360679775		500		-1		500		-2.2360679775		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1.4142135624		500		0		500		-1.4142135624		500		-1		500		0		500		-1		500		-1

		500		-1		500		-5		500		-3.1622776602		500		-1		500		0		500		-1		500		0		500		0		500		-1		500		-1

		500		-1		500		-4.1231056256		500		-2.2360679775		500		-1		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		-1.4142135624		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-4.1231056256		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		-1		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-3.1622776602		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		-1		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0

		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0		500		0





mut

		500		-9.219544457		86		-6.32455532		86		-4.123105626		60		-5.099019514		87		0		124		0		124		-5.656854249		124		-5.656854249		204		-5		204		-5

		500		-8.485281374		94		-5.656854249		100		-6.403124237		81		-5		94		0		144		0		144		-5		144		-5		218		-5		218		-5

		500		-8.485281374		183		-5.656854249		160		-5		87		-5		100		0		166		0		166		-5		166		-5		224		-5		224		-5

		500		-8.485281374		196		-5.656854249		163		-5		167		-5		107		0		171		0		171		-5		171		-5		238		-5		238		-5

		500		-8.062257748		210		-5.099019514		205		-5		178		-5		116		0		171		0		171		-5		171		-5		238		-5		238		-5

		500		-8.062257748		213		-5		209		-4.123105626		189		-5		122		0		181		0		181		-5		181		-5		252		-5		252		-5

		500		-8.062257748		242		-5		220		-5		195		-5		126		0		184		0		184		-5		184		-5		310		-5		310		-5

		500		-7.810249676		264		-5		255		-5		239		-5		153		0		193		0		193		-5		193		-5		327		-5		327		-5

		500		-7.211102551		265		-5		264		0		254		-5		164		0		206		0		206		-5		206		-5		342		-5		342		-5

		500		-6.708203932		267		-5		282		-5		290		-5		233		0		233		0		233		-5		233		-5		460		-5		460		-5

		500		-6.32455532		276		-5		300		-5		308		-5		251		0		238		0		238		-5		238		-5		481		-5		481		-5

		500		-5.830951895		376		-5		380		-5		377		-5		261		0		250		0		250		-5		250		-5		485		-5		485		-5

		500		-5.656854249		500		-5		500		-5		399		-5		272		0		250		0		250		-5		250		-5		487		-5		487		-5

		500		-5.656854249		500		-5		500		0		500		-5		338		0		294		0		294		-5		294		-5		500		-5		500		-5

		500		-5.656854249		500		-5		500		-3.16227766		500		-5		359		0		304		0		304		-5		304		-5		500		-5		500		-5

		500		-5.656854249		500		-5		500		0		500		-5		367		0		366		0		366		-5		366		-5		500		-5		500		-5

		500		-5.656854249		500		-5		500		0		500		-5		369		0		406		0		406		-4.123105626		406		-4.123105626		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		0		500		-5		403		0		432		0		432		-4.123105626		432		-4.123105626		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		-6.403124237		500		-5		428		0		464		0		464		-4.123105626		464		-4.123105626		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		-4.123105626		500		-5		428		0		500		-5.656854249		500		-4.123105626		500		-4.123105626		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		-3.16227766		500		-5		500		-5.6568542495		500		-5		500		-3.16227766		500		-3.16227766		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		-5		500		-5		500		-5		500		-5		500		-3.16227766		500		-3.16227766		500		-4.123105626		500		-4.123105626

		500		-5.385164807		500		-5		500		-5		500		-4.123105626		500		-5		500		-5		500		-3.16227766		500		-3.16227766		500		-3.16227766		500		-3.16227766

		500		-5.385164807		500		-5		500		-4.123105626		500		-4.123105626		500		-5		500		-5		500		-2.236067977		500		-2.236067977		500		-3.16227766		500		-3.16227766

		500		-5.385164807		500		-5		500		-5		500		-4.123105626		500		-5		500		-5		500		-2.236067977		500		-2.236067977		500		-3.16227766		500		-3.16227766

		500		-5.385164807		500		-5		500		-5		500		-4.123105626		500		-5		500		-5		500		-2.236067977		500		-2.236067977		500		-3.16227766		500		-3.16227766

		500		-5.099019514		500		-5		500		-5		500		-4.123105626		500		-5		500		-5		500		-1.414213562		500		-1.414213562		500		-3.16227766		500		-3.16227766

		500		-5.099019514		500		-5		500		-5		500		-4.123105626		500		-5		500		-5		500		-1.414213562		500		-1.414213562		500		-2.236067977		500		-2.236067977

		500		-5		500		-4.123105626		500		-5		500		-4.123105626		500		-5		500		-5		500		-1		500		-1		500		-2		500		-2

		500		-5		500		-4.123105626		500		-4.123105626		500		-3.16227766		500		-5		500		-5		500		-1		500		-1		500		-1.414213562		500		-1.414213562

		500		-5		500		-4.123105626		500		-5		500		-3.16227766		500		-5		500		-5		500		-1		500		-1		500		-1.414213562		500		-1.414213562

		500		-5		500		-4.123105626		500		0		500		-3.16227766		500		-5		500		-5		500		0		500		0		500		-1		500		-1

		500		-5		500		-4.123105626		500		-5		500		-3.16227766		500		-5		500		-5		500		0		500		0		500		-1		500		-1

		500		-5		500		-4.123105626		500		0		500		-3.16227766		500		-5		500		-5		500		0		500		0		500		-1		500		-1

		500		-5		500		-3.16227766		500		-5		500		-2.236067977		500		-5		500		-5		500		0		500		0		500		-1		500		-1

		500		-5		500		-3.16227766		500		-5		500		-1		500		-5		500		-4.123105626		500		0		500		0		500		-1		500		-1

		500		-5		500		-2.236067977		500		-1		500		-1		500		-5		500		-4.123105626		500		0		500		0		500		0		500		0

		500		-5		500		-2.236067977		500		-5		500		0		500		-4.1231056256		500		-4.123105626		500		0		500		0		500		0		500		0

		500		-5		500		0		500		0		500		0		500		-4.1231056256		500		-4.123105626		500		0		500		0		500		0		500		0

		500		-5		500		0		500		0		500		0		500		-4.1231056256		500		-3.16227766		500		0		500		0		500		0		500		0

		500		-5		500		0		500		0		500		0		500		-4.1231056256		500		-3.16227766		500		0		500		0		500		0		500		0

		500		-5		500		0		500		0		500		0		500		-4.1231056256		500		-3.16227766		500		0		500		0		500		0		500		0

		500		-5		500		0		500		0		500		0		500		-3.1622776602		500		-2.236067977		500		0		500		0		500		0		500		0

		500		-5		500		0		500		-5		500		0		500		-3.1622776602		500		-2.236067977		500		0		500		0		500		0		500		0

		500		-5		500		0		500		-1		500		0		500		-3.1622776602		500		-2.236067977		500		0		500		0		500		0		500		0

		500		-5		500		0		500		-3.16227766		500		0		500		-2		500		-1.414213562		500		0		500		0		500		0		500		0

		500		-5		500		0		500		-3.16227766		500		0		500		-2		500		-1.414213562		500		0		500		0		500		0		500		0

		500		-5		500		0		500		-5		500		0		500		-1.4142135624		500		-1		500		0		500		0		500		0		500		0

		500		-1		500		0		500		-5		500		0		500		-1.4142135624		500		-1		500		0		500		0		500		0		500		0

		500		-1		500		0		500		-2.236067977		500		0		500		-1		500		-1		500		0		500		0		500		0		500		0

		24500		-272.476474276		21586		-172.604907291		21538		-166.183849595		21264		-153.909195659		19691		-123.5876424828		20153		-119.172740788		20153		-113.515886539		20153		-113.515886539		22562		-127.614517157		22562		-127.614517157

		490		5.4495294855		431.72		3.4520981458		430.76		3.3236769919		425.28		3.0781839132		393.82		2.4717528497		403.06		2.3834548158		403.06		2.2703177308		403.06		2.2703177308		451.24		2.5522903431		451.24		2.5522903431

												5.4495294855		3.4520981458		3.3236769919		3.0781839132		2.4717528497		2.3834548158		2.2703177308		2.2703177308		2.5522903431		v
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		0		12		12		13		20		19		19		19		13		13

		1		2		3		4		5		6		7		8		9		10

		5.4495294855		3.4520981458		3.3236769919		3.0781839132		2.4717528497		2.3834548158		2.2703177308		2.2703177308		2.5522903431		2.5522903431

		0.00%		24.00%		24.00%		26.00%		40.00%		38.00%		38.00%		38.00%		26.00%		26.00%

		1		2		3		4		5		6		7		8		9		10

		3.5200931578		4.0739634647		3.0823274001		2.8362243073		2.614550216		2.8889733787		2.4318242609		2.2708956034		2.1802434932		2.3915645511

		20.00%		14.00%		30.00%		32.00%		38.00%		34.00%		36.00%		40.00%		34.00%		34.00%

										Mutation and Crossover
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		Average # of Mutations		1		2		3		4		5		6		7		8		9		10

		With Crossover		3.52		4.07		3.08		2.84		2.61		2.89		2.43		2.27		2.18		2.39

		Without Crossover		5.45		3.45		3.32		3.08		2.47		2.38		2.27		2.27		2.55		2.55

		Average # of Mutations		1		2		3		4		5		6		7		8		9		10

		With Crossover		20.00%		14.00%		30.00%		32.00%		38.00%		34.00%		36.00%		40.00%		34.00%		34.00%

		Without Crossover		0.00%		24.00%		24.00%		26.00%		40.00%		38.00%		38.00%		38.00%		26.00%		26.00%
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Without Crossover

Average # of Mutations

Chance of Success in 500 Generations
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