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Introduction to Genetic Algorithms

* Genes

* Chromosomes

* Individuals / Populations
 Selection, Reproduction, Mutation
* Fithess Functions



Chromosomes / Genes

* Chromosomes are a set of genes
* Each gene represents an input or an output

* There are multiple representations that can be used:
* Binary Strings
* Value
* Trees
* Permutations

[2,3,4]



#Generates the length of the chromosome given needed data values to be represented.
def generate_chromosome_lengths(self, discrete_values):
self.discrete_values = discrete_values
total_bits = 0
for value in discrete_values:
gene = Gene()
total_bits += gene.set(total_bits, len(discrete_values|[valuel))
self.__genes.append(gene)
gene.values = discrete_values[value]
try:
float(self.__genes[0].values[0])
self.is_normalized = False
except ValueError:
self.is_normalized = True

[1]



[1]



Populations

* Populations are a set of individuals
* Tracks all current knowledge / candidates
* Will have many populations over a series of generations

[2]



def generate_next_gen(self):
next_gen = Population()
population self
if self.preserve_fittest == True:
population = Population()
for i in range(@, self.population_max // 2):
fittest = self.pop_fittest_individual()
population.add_member(fittest)
next_gen.add_member(fittest)
next_gen.chromosome = self.chromosome
while next_gen.get_num_members() < self.population_max:
childl, child2 = next_gen.reproduce(population)
next_gen.add_member(childl)

next_gen.add_member(child2)
[1] return next_gen



Fitness

* Tracking how close a solution is to the expected or correct value
(supervised)

* Tracking result as a minimum or maximum, with some exceptions
(Unsupervised)

 Drives selection for reproduction, tracks status of population

[2]



def get SolutionCosts (m\.n‘gatimCocle):

fuel StopCost =15

Ektm{‘wﬂfufatfmc::sﬁ =8

this AlgorithmBecomingSkynetCost = 999999999
waterCrossinglost= H5

GENETIC ALGORITHMS TIP:

Al L/AYS INCLUDE THIS IN YOUR FITNESS FUNCTION

https://xkcd.com/534/



#Calculate the fitness of the individual given the training data.
def calc_fitness(self, test_data, chromosome, header):
max = -1;
for data in test_data:
current = 0
for i in range(@, len(header)):
gene = chromosome.get_gene(1i)
#switch binary to set value
gene_value = int(self.binary_chromosome[gene.start:gene.start+gene.length], 2)
if chromosome.get_normalized(i, data[i]) == gene.values[gene_value]:
current += 1 / (chromosome.get_num_genes())

if current ==
self.fitness = current
return current
#set max if better
else:
max = max if max > current else current
self.fitness = max

return self.fitness
[1]



Reproduction

* Reproduction allows for crossover and mutations
e Uses fitness for selection
* Should drive population closer (in general) to a solution












Considerations

* Normalization
e Prediction Method
* Fitness






def get_prediction(self, header, data):

ans =
best_data_fitness = -1
best_test_fitness = -1
for member in self.__members:

current = 0
for i in range(@, len(header)-1):
gene = self.chromosome.get_gene(i)

gene_value = int(member.binary_chromosome[gene.start:gene.start+gene.length], 2)
if self.chromosome.get_normalized(i, datal[i]l) == gene.values[gene_value]:
current += 1 / (self.chromosome.get_num_genes() -1)

if current > best_data_fitness:
gene = self.chromosome.get_gene(len(header)-1)
gene_value = int(member.binary_chromosome[gene.start:gene.start+gene.length], 2)
ans = gene.values[gene_value]
best_data_fitness = current
best_test_fitness = member.get_fitness()

return ans [1]



Results

Weather

Class

Deer Hunter

Generations: 10
Mutation Rate: .0025 (0.25%)
Population Size: 100



Possible Enhancements

e Customized fitness functions
 Dial in the mutation rate per problem
* Adjust population size and number of generations per problem



Common Sample Applications

* Minimization and maximization problems

* Travelling Salesperson
» Can track order of cities by having each gene be an integer number that is a
city.
e Swapping cities around using crossover or mutation causes extra work to be
necessary

* Knapsack
e Binary chromosome (whether or not something was picked)

* Fitness is evaluated as expected
* Value and weight

[2,4]



Other applications

* Scheduling
* Fraud Detection
* Product creation (processors, etc)

[2]



Conclusion

e Copies a working model from nature
* Main component for decision making is the fitness function
* Well-suited for minimization or maximization problems
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