Running a GA by Hand

The objective of the first workshop is to take a set of random chromosomes, and by performing genetic operations on them, find an optimal solution.  The following is one of the simplest EA problems possible, called the “counting ones” problem.  In this problem, the objective is to maximise the number of ones in a binary string.  The population is given below

Population

	Ind.
	G1
	G2
	G3
	G4
	G5
	G6
	G7
	G8
	G9
	G10
	Fitness

	1
	1
	1
	0
	1
	0
	1
	0
	0
	0
	1
	5

	2
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	6

	3
	1
	0
	0
	0
	1
	1
	0
	0
	1
	0
	4

	4
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	7

	5
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1

	6
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	3

	7
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	4

	8
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1

	9
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	2

	10
	1
	1
	1
	0
	1
	0
	1
	0
	0
	1
	6


These operations should be performed to get new individuals:

Use a different random value from the table below for each random operation in the GA.

1. Binary Tournament Selection (x2) – Randomly select two individuals from the population, whichever has the higher fitness is selected.

2. Single Point Crossover – Randomly choose a single point on the two individuals chosen above, cross them over. You get 2 children.

3. Mutation (apply this to each child in turn) – If the random value is greater than 5, then pick one gene at random and flip it (from 0 to 1, or 1 to 0).

4. Replace the weakest solutions in the population with your new ones (assuming they are fitter).

Repeat the above process to create a new population, note the fitness of the best individual and the total fitness of the population.  Repeat for multiple populations.  

Random Values

	10
	5
	6
	7
	7
	6
	3
	2
	6
	10

	9
	8
	6
	1
	4
	8
	4
	7
	2
	5

	4
	8
	1
	7
	9
	2
	5
	4
	9
	3

	2
	7
	7
	5
	7
	5
	6
	7
	5
	8

	8
	8
	4
	2
	6
	4
	8
	6
	3
	5

	3
	6
	2
	1
	2
	8
	10
	9
	2
	6

	5
	7
	9
	5
	4
	3
	3
	8
	7
	5

	8
	5
	3
	8
	3
	6
	1
	8
	7
	10

	9
	4
	5
	5
	8
	6
	2
	6
	1
	5


 Running GP by Hand

1. Generate a population of trees of maximum depth 4 using random numbers below and these functions and terminals.  Remember you must start with a function, so start from the first random number < 4, then proceed, depth first adding functions and terminals.  If you get to depth 4, select only terminals (e.g. random numbers 4 and above) for the remaining nodes in the tree.

Functions = +,-,* 


Terminals = X,1,2,3

Enumeration:  

	Random Value
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Function/Terminal
	+
	-
	*
	X
	1
	2
	3
	X
	X
	X


Evaluate the trees for these 5 values of X.

	X
	Desired Values

	1
	-1

	2
	3

	3
	9

	4
	17

	5
	27


Compute the fitness as the absolute difference between the desired values and those your tree produces.  Minimise this difference using GP.


	X
	Tree Output
	Desired
	Difference

	1
	5 (2*1+3)
	-1
	6

	2
	7
	3
	4

	3
	9
	9
	0

	4
	11
	17
	6

	5
	13
	27
	14

	
	
	Fitness =   30



e.g. 1,3,6,4,7 =

2. Use selection, crossover and mutation to create a new population of trees

3. Repeat for a few generations, or until you have a fitness of 0.

	10
	5
	6
	7
	7
	6
	3
	2
	6
	10

	9
	8
	6
	1
	4
	8
	4
	7
	2
	5

	4
	8
	1
	7
	9
	2
	5
	4
	9
	3

	2
	7
	7
	5
	7
	5
	6
	7
	5
	8

	8
	8
	4
	2
	6
	4
	8
	6
	3
	5

	3
	6
	2
	1
	2
	8
	10
	9
	2
	6

	5
	7
	9
	5
	4
	3
	3
	8
	7
	5

	8
	5
	3
	8
	3
	6
	1
	8
	7
	10

	9
	4
	5
	5
	8
	6
	2
	6
	1
	5


Multiobjective EAs & Applying EAs

Multiobjective EAs


 





1. Assuming we are minimising both objectives

a. Identify the non-dominated (pareto) front

b. Rank the solutions by how many solutions dominate that solution (Fonseca & Fleming) 

c. Rank the solutions by identifying the pareto-front and then removing it (Goldberg)

2. Repeat assuming we are maximising both objectives.

Applying EAs

Consider a problem that you are interested in solving or simulating and:
–Pick the most suitable evolutionary algorithm (e.g. GA, GP, Evolutionary strategies)

–Identify a representation (will you use direct or indirect encoding, binary or integer variables?)

–Identify the objective function (what problem are you trying to solve/function are you trying to optimise) 

–Outline any new operators you would use
· Could you add any heuristics to make the problem easier to solve for the GA?

· Could you use a multi-objective algorithm?
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