
Master's Thesis
Adaptive Genetic AlgorithmswithMultiple SubpopulationsandMultiple Parents

B.A. ThijssenMarch 12, 1997



CONTENTS 2Contents1 Introduction 32 A genetic algorithm 32.1 Crossovers with multiple children : : : : : : : : : : : : : : : : 52.1.1 N-Point Crossover : : : : : : : : : : : : : : : : : : : : : 52.1.2 Diagonal Crossover : : : : : : : : : : : : : : : : : : : : 52.2 Crossovers with only one child : : : : : : : : : : : : : : : : : : 62.2.1 N-Point Crossover : : : : : : : : : : : : : : : : : : : : : 62.2.2 Diagonal Crossover : : : : : : : : : : : : : : : : : : : : 63 Our adaptive genetic algorithm 73.1 Multiple subpopulations : : : : : : : : : : : : : : : : : : : : : 73.2 Migration between the subpopulations : : : : : : : : : : : : : 83.2.1 Mechanism I : : : : : : : : : : : : : : : : : : : : : : : : 83.2.2 Mechanism II : : : : : : : : : : : : : : : : : : : : : : : 113.3 Redivision of the subpopulations : : : : : : : : : : : : : : : : 133.4 Multiple parents : : : : : : : : : : : : : : : : : : : : : : : : : : 143.5 The parameters : : : : : : : : : : : : : : : : : : : : : : : : : : 144 The test problems 154.1 Onemax : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 154.2 Twin Peaks : : : : : : : : : : : : : : : : : : : : : : : : : : : : 154.3 Plateau : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 164.4 Plateau-d : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 164.5 Trap : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 164.6 Trap-d : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 174.7 Royal Road : : : : : : : : : : : : : : : : : : : : : : : : : : : : 174.8 An overview of the maximum �tness-values of the test problems 195 Experimental results 195.1 Setup A: Subpopulations with di�erent generational gap : : : 205.2 Subpopulations with equal generational gap : : : : : : : : : : 265.2.1 Setup B: Crossovers with only one child : : : : : : : : 265.2.2 Setup C: Crossovers with multiple children : : : : : : : 336 Conclusions and future research 40A List of terminology 42References 43



1 Introduction 31 IntroductionIn this master's thesis research on genetic algorithms with multiple subpop-ulations will be handled. In this project each subpopulation has its owncrossover operation. Also multiple parents participated in the crossovers.The idea is that the genetic algorithm will adaptively select the subpopula-tion with the best crossover for the problem it is solving, by increasing itssize. This adjusting of the sizes of the subpopulations is done with migration.The research has three goals:� to examine if multi-parent crossover is better than the standard twoparent crossover� to examine if our adaptive genetic algorithm1 performs better than agenetic algorithm with a �xed crossover operator� to examine if our adaptive genetic algorithm is able to detect goodcrossoversThe genetic algorithm used in this project is the steady-state variant, inwhich the population size will be the same after each iteration. Althoughthe sizes of the di�erent subpopulations can vary, the sum of the sizes of thesubpopulations will remain the same.2 A genetic algorithmA genetic algorithm is an algorithm that searches for a solution of a problem,using crossover, mutation and selection. The algorithm has a population ofindividuals (called chromosomes) which are bitstrings of some �xed length.If a bitstring has length l it will be numbered in the rest of this project from0 to (l � 1). Each individual is a possible solution and has a �tness-valueassigned to it. This �tness-value is to be minimized or maximized. In thisproject the �tness is to be maximized. The �tness-value tells us how closethe individual is to a solution. The higher the �tness of an individual, thecloser it is to a solution. The genetic algorithm has many variants, but thegeneral form of the genetic algorithm is given in Figure 1. Now an explana-tion of the algorithm will be given. The variable t represents the number ofthe generation. In initpopulation P(t) a population is initialized, whereP(t) is the population at generation t. This is done by randomly taking anumber of bitstrings. This number of bitstrings is the size of the populationand is a parameter of the genetic algorithm. Also the length of the bitstring1The genetic algorithm selects the crossover operation it will use at run-time.



2 A genetic algorithm 4PSEUDO CODE FOR GAbegin GAt := 0initpopulation P(t)evaluate P(t)while not done dot := t + 1P' := selectparents P(t)recombine P'mutate P'evaluate P'P(t) := survive P(t), P'odend Figure 1: A Genetic Algorithmis a parameter of the genetic algorithm. In evaluate P(t) the individualsin the population are assigned �tness-values. while not done do ... odchecks if a solution has been found, and if not executes the body (here thedots) after which the test is done again until a solution is found. But if ittakes too long to �nd a solution it is possible that the genetic algorithm willgive up. The tests if a solution has been found or if it takes too long areimplemented in the function done. In the body of the while a number ofthings will be done: t will be increased, because the algorithm will producea next generation. Then parents are selected in selectparents P(t) andthey will be stored in a temporary population P'. The selection mechanismused in this project is tournament selection, since that is the most used selec-tion. The parents will recombine with crossover or will do nothing at all inrecombine P'. This depends on a parameter of the genetic algorithm usuallynamed pc which is the chance that crossover will occur. Then in mutate P'the (un)altered population P' is mutated with a chance pm which is also aparameter of the genetic algorithm. pm is the chance that a bit will swapvalue. All the bits in all the individuals of population P' will be swappedwith that chance pm. After the crossover and mutation, the population isevaluated again. Now the individuals will be selected to go to the new gen-eration in survive P(t), P'. The selection mechanism used for survival inthis project, is the survival of the �ttest mechanism.



2.1 Crossovers with multiple children 5There are of course many variants possible which still are of this struc-ture. One thing which can vary is the crossover operation which will beused for the recombination. The crossovers used in this project were N-PointCrossover and Diagonal Crossover. N-Point Crossover uses two parents, andproduces two children. And Diagonal Crossover uses N parents, and pro-duces N children. In this project we also used a variant of N-Point Crossoverand of Diagonal Crossover which produces only one child. These variantsof the crossovers (with only one child) were used to make a fair comparisonbetween the N-Point Crossover and the Diagonal Crossover.2.1 Crossovers with multiple children2.1.1 N-Point CrossoverThe N-Point Crossover [DS92] uses two parents and creates two children justas the `normal' 1-Point Crossover would do. In fact N-Point Crossover is ageneralization from 1-Point Crossover. N-Point Crossover selects N crossoverpoints. After that the children are build in the following manner: the �rstchild gets the odd segments from the �rst parent, and the even segments fromthe second parent. For the second child the complement holds: it gets theeven segments from the �rst parent, and the odd segments from the secondparent. An example for N = 2 is given in Figure 2.2.1.2 Diagonal CrossoverThe Diagonal Crossover [ERR94] uses N parents and selects (N�1) crossoverpoints in the bitstring. After that N children are created from combining thesegments from the parents. This is done in a diagonal manner. All segmentsfrom the parents will be in the same place in the children as they are in theparents. The i-th child has the �rst segment of the i-th parent, the secondsegment of the (i+1)-th parent, and so on. Each next segment will be takenfrom each next parent wrapping around at the last parent. This is done fori = 1 to i = N . An example for N = 3 is given in Figure 3.


