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Genetic Algorithm

• GA combines

– Darwin’s theory of evolution

– Mendels theory of genetics

• Population

– Individuals
• Represent solution
• Have fitness

– Evaluation

– Mutation

– Recombination
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Algorithmic flow



5

Genetic Operators

• Mutation

– Random change

– 1001 → 1000

• Crossover

– 1, 2, k point

• Bitwise operators

– AND, OR, XOR

• Chosen Operators depend on the problem
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Experiments

• The experiment is the task which the GA should solve
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Evolutionary Phase

• Idea: 

– do not solve complex problems directly

– Solve a simple version first

– Then a more complex one

– …
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Evolution Models

• Island’s

– Island fusion

• Cellular

• Hybrid 

– <Island, Cellular>
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PyGMA
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PyGMA

• Pythonic Genetic MPI parallelize’d Algorithm

– Handles the important GA parts

• User interaction

– Class interfaces
• Genetic Operators
• Experiments
• Evolutionary Phases

– Config
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PyGMA
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Usage Example

• Function optimisation

– F = x*2 + y*3 + z

– How to choose x,y,z such that F = 424242   ?

• Steps

– Define experiment

– Define evolutionary phase (optional)

– Define genetic operators (optional)

– Create configuration

– Run PyGMA
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Define Experiment                                                  Define Phase



14

Define Genetic Operators
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Make Configuration

• Instantiation of 

– Genetic Operators

– Experiment

– Evolutionary Phases

• Genetic Operator stack/Num Populations

• Individuals per population

– Genome length

• Initialisation of Genes (predef, random)

• Use MPI ?
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Run Pygma

• mpiexec -n 3 python PyGMA.py

• Evolutionary phase Phase_0

• epoch 0, Pop max fitness [9.925775054145103e-07, 2.12027020723521e-06, 1.6586828731041255e-06]

• epoch 1, Pop max fitness [1.3549254249046132e-06, 1.545657167057718e-06, 1.9955061202172707e-06]

• epoch 2, Pop max fitness [1.3549254249046132e-06, 1.585273443816324e-06, 0.0005668934240362812]

• epoch 3, Pop max fitness [2.2883504654504845e-06, 3.542180282807674e-06, 3.122268015486449e-05]

• …

• epoch 209, Pop max fitness [3.054386404315237e-06, 0.0002605523710265763, 0.0004068348250610252]

• epoch 210, Pop max fitness [3.054386404315237e-06, 0.00011841326228537596, 4.1221814584278e-05]

• epoch 211, Pop max fitness [3.054386404315237e-06, 0.00013356484573260317, 0.0004730368968779565]

• epoch 212, Pop max fitness [3.054386404315237e-06, 9.994003597841295e-05, 1e+17]

• Finished phase Phase_0

• --------------------------------

• stopping mpi workers

• Evolve finished



17

Parallelization
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Parallelization

• Idea

– If there are multiple populations (Islands), compute each on its own node

– Genetic operators are applied in parallel

– But

• Normally one does not want to use to many Islands

• Need to evaluate individual genes anyway and as such distribute them

• Idea

– Applying Genetic operators is fast

– Fitness evaluation takes time

– => Distribute individual genes to workers that will evaluate the fitness
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Parallelization schemata

• None

• Local Processes

– Python’s ProcessPoolExecutor

• Message Passing Interface

– MPI calls (utilizing mpi4py)

– mpi4py MPIPoolExecutor
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MPI implementation
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Future Work

• Stagnation check

• Hardware evolving experiment

– Experiment

– Operators

– Phases

• Runtime analysis (Single process, multi process, MPI)
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Conclusion

• GA Algorithm works (MPI)

• Defining Fitness function for hardware evolving is not simple

• Diagram's help a lot during implementation
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