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Grammatical Evolution

Grammatical Genetic Programming

I Chromosomes:

I Linear;
I Binary/Integer;
I Variable-length.

I Genotype-Phenotype Map;

I Bio-inspired.

ONeill, Ryan. (2003). Grammatical Evolution. Kluwer Academic Press.
Brabazon, ONeill. (2006). Biologically Inspired Algorithms for Financial Modelling. Springer
Dempsey, ONeill, Brabazon. (2009). Foundations of GE in Dynamic Environments. Springer.
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Genotype-Phenotype Map
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Genetic Code
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Genetic Code
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Example Mapping

00101011011101101000101100010001

<seq>::= <vowel>
              | <seq><vowel>
<vowel> ::= a
    | e
    | i
    | o
    | u

A

B 0
1

3 <seq>

1

43%2=1

0

118%2=0

4

144%5=4

2

17%5=2

<seq><vowel>

<vowel><vowel>

u<vowel>

ui

43 118 144 17 
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Symbolic Regression Grammar

S = 
 <expr>

P = 
 <expr> ::= <expr> <op> <expr>


 
    | (<expr> <op> <expr>)


 
    | <pre-op> (<expr>)


 
    | <var>


 <op> ::= + | - | / | *


 <pre-op> ::= sin | cos | tan | log


 <var> ::= x
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Wrapper

<func> ::= <header>

<header> ::= float symbreg(float x) { <body> }

<body> ::= <declarations><code><return>

<declarations> ::= float a;

<code> ::= a = <expr>;

<return> ::= return (a);

<code> ::= <line>;


   | <line>; <code>

<line> ::= …

float symbreg(float x){


 float a;


 a= <expr>;


 return(a);

}
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Example Mapping

110111001100101100110011011110110000001000101101

<expr> ::= <expr> <op> <expr>

         | (<expr> <op> <expr>)

         | <pre-op> (<expr>)

         | <var>

<op> ::= + 

       | - 

       | / 

       | *

<pre-op> ::= sin 

           | cos 

           | tan 

           | log

<var> ::= x

<expr> 220%4=0

203%4=3
0
1

3
2

51%4=3

<expr><op><expr>

<var><op><expr>

x<op><expr>

x*<expr>

220 203 51 123

0
1

3
2

0
1

3
2 2 45

123%4=3
x*<var>

x*x
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Example Mapping

110111001100101100110011

<expr> ::= <expr> <op> <expr>

         | (<expr> <op> <expr>)

         | <pre-op> (<expr>)

         | <var>

<op> ::= + 

       | - 

       | / 

       | *

<pre-op> ::= sin 

           | cos 

           | tan 

           | log

<var> ::= x

<expr> 220%4=0

203%4=3
0
1

3
2

51%4=3

<expr><op><expr>

<var><op><expr>

x<op><expr>

x*<expr>

220 203 51

0
1

3
2

0
1

3
2

220%4=0
x*<expr><op><expr>

x*<var><op><expr> 203%4=3 …

220 203 51
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Grammatical Evolution

Genetic Operators

I Binary/Integer String (variable-length);

I Bit/Codon Mutation;

I 1pt Crossover;

I Duplication;

I Tree-based Operators.
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Grammatical Evolution

Mapping Analysis

I Genotype-Phenotype Map;

I Many-to-one;

I Diversity;

I Validity;

I Language Independence;

I Search & Solution Space.

 

Search 
Algorithm 

 B i n a r y String 

 Integer String 

Grammar 

Program 

Output 
(quality of performance of program) 
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GE Components

Grammar

Search
Engine

Objective
Function

gpm Output Structure

I Many important questions to address. . .

ONeill M., Vanneschi L., Gustafson S., Banzhaf W. (2010). Open Issues in Genetic
Programming. Genetic Programming & Evolvable Machines. 11(3-4):339-363.
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Santa Fe Ant Trail

Definition

I Instructions:

I move();
I left();
I right();
I if food ahead();

I Fitness: pieces of food eaten
within 600 time steps.
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Santa Fe Ant Trail Grammar

<code> ::= <line>

         | <code><line>

<line> ::= <if-statement>


    |<op>

<if-statement> ::= if(food_ahead()){


 
 
 
 <line>


 
 
 }


 
 
 else{


 
 
 
 <line>


 
 
 }

<op> ::= left(); 


 | right(); 


 | move();
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Santa Fe Ant Trail Results
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Symbolic Regression Grammar


 <expr> ::= <expr> <op> <expr>


 
    | (<expr> <op> <expr>)


 
    | <pre-op> (<expr>)


 
    | <var>


 <op> ::= + | - | / | *


 <pre-op> ::= sin | cos | exp | log


 <var> ::= x | 1.0

F (x) = x + x2 + x3 + x4
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Symbolic Regression Results
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Next Classes

I Tuesday 1st October:

I Particle Swarm Optimisation (Mike).


