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It is hard to use GP Frameworks

HeuristicLab

Several good GP implementations are available

Frequently implemented: symbolic regression, artificial ant, Boolean problems, ...

Implementation of new problems is often cumbersome
Implementation of several classes is necessary (e.g. for HeuristicLab or ECJ)
Often a lot of boiler-plate code is necessary

Several questions on our mailing list about the implementation of custom problems

Lawn-Mower problem in HL

Implemented classes:

— Symbols

— TreeNodes

— Grammar

— Interpreter

— Evaluation operator
Effort: two days
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Source Code of the Lawn-Mower-Problem
for HeuristicLab

HeuristicLab

using HeuristicLab.Common;
using HeuristicLab.Encodings.SymbolicExpressionTreeEncoding;

using HeuristicLab.Persistence.Default.CompositeSerializers.Storable;

namespace HeuristicLab.Problems.LawnMower {

[StorableClass]

public class Left : Symbol ({
public override int MinimumArity { get { return 0; } }
public override int MaximumArity { get { return 0; } }

[StorableConstructor]

private Left(bool deserializing) : base(deserializing) { }

private Left(Left original, Cloner cloner)

: base (original, cloner) {
}

public Left()
: base( , ) {

public override IDeepCloneable Clone (Cloner cloner) {

return new Left(this, cloner);
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Source Code of the Lawn-Mower-Problem
for HeuristicLab

HeuristicLab

using HeuristicLab.Common;
using HeuristicLab.Encodings.SymbolicExpressionTreeEncoding;

using HeuristicLab.Persistence.Default.CompositeSerializers.Storable;

namespace HeuristicLab.Problems.LawnMower { Ove r h e a d Of

// final implementation of the left symbol .
// with persistence and cloning patterns programmlng Ianguage
[StorableClass]

public class Left : Symbol ({

public override int MinimumArity { get { return 0; } }
public override int MaximumArity { get { return 0; } }

// storable constructor for persistence
[StorableConstructor]
private Left(bool deserializing) : base(deserializing) { }
// cloning constructor
private Left (Left original, Cloner cloner)
: base (original, cloner) {
// nothing needs to be cloned
}
public Left()

: base("Left", "Turns the lawn mower to the left.") ({
}

// clone method override

Boiler-plate code

public override IDeepCloneable Clone (Cloner cloner) {

return new Left(this, cloner);
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Source Code of the Lawn-Mower-
Problem for HeuristicLab —

HeuristicLab OBERQSTERREICH

using HeuristicLab.Common; using HeuristicLab.Common;
using HeuristicLab.Encodings.SymbolicExpressionTreeEncoding; using HeuristicLab.Encodings.SymbolicExpressionTreeEncoding;
using using
HeuristicLab.Persistence.Default.CompositeSerializers.Storable; HeuristicLab.Persistence.Default.CompositeSerializers.Storable;
namespace HeuristicLab.Problems.LawnMower { namespace HeuristicLab.Problems.LawnMower {

[StorableClass] [StorableClass]

public class Prog : Symbol ({ public class Sum : Symbol {

public override int MinimumArity { get { return 2;
public override int MaximumArity { get { return 2;

public override int MinimumArity { get { return 2;

P} b}
}} public override int MaximumArity { get { return 2; } }

[StorableConstructor] [StorableConstructor]
private Prog(bool deserializing) : base(deserializing) { } private Sum(bool deserializing) : base(deserializing) { }
private Prog(Prog original, Cloner cloner) private Sum(Sum original, Cloner cloner)
: base(original, cloner) { : base (original, cloner) {
} }
public Prog() public Sum()
: base( , : base( , ) {

public override IDeepCloneable Clone (Cloner cloner) {

return new Sum(this, cloner);
public override IDeepCloneable Clone(Cloner cloner) { }

return new Prog(this, cloner); }
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Source Code of the Lawn-Mower-
Problem for HeuristicLab

—

HeuristicLab OBERQSTERREICH
namespace HeuristicLab.Problems.LawnMower {
[StorableClass]
class ConstantTreeNode : SymbolicExpressionTreeTerminalNode {
public ConstantTreeNode ()

private Tuple<int, int> value; : base (new Constant()) {

[Storable] }

public Tuple<int, int> Value ({

get { return value; } public override IDeepCloneable Clone (Cloner cloner) {

private set { this.value = value; } return new ConstantTreeNode (this, cloner);

[StorableConstructor]
private ConstantTreeNode (bool deserializing)

base (deserializing) { }
public override bool HasLocalParameters {

get { return true; }

private ConstantTreeNode (ConstantTreeNode original,
Cloner cloner)

: base (original, cloner) {

this.value =
new Tuple<int, int>(original.value.Iteml,

original.value.Item2) ; public override void ResetLocalParameters (IRandom random) {
} value = new Tuple<int, int>(random.Next(-20, 20),
random.Next (-20, 20));
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Source Code of the Lawn-Mower-Problem [
for HeuristicLab

... 10 more pages!
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Let‘s solve the same problem using a
different GP implementation

We need to implement the whole thing again!
* Different programming language
* Different API
* Different GP-system (e.g. grammatical evolution)

When implementing a new problem it’s hard to know:

* which GP-approach works well,
* which implementation can be used, and
* if the problem can be solved by GP at all
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We need to make it easier!

& Our users are no experts in GP

& Our users have no clue how to set algorithm parameters
& Our users have no clue which framework to use

& Our users don‘t want to learn the API of a GP framework
& Our users don‘t want to write boiler-plate code

& ... but they know how solutions should look like

GPDL — Gabriel Kronberger - GECCO 2013
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What is a GP problem?

HeuristicLab

Traditionally:
Set of function symbols + set of terminal symbols + fitness function

Many modern GP systems use grammars to define valid solutions

* Grammars can be used to defined formal languages
* Some implementations already allow definition of grammars using BNF (e.g. GEVA)

* Actually all GP systems can be considered grammar-guided
(but often the grammar is really simple)

Alternative :
Formal language + objective function

(in this context formal language = set of valid solutions)
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Attributed Grammars with
Semantic Actions

HeuristicLab c,\\\\ Ta

Commonly used in compiler-construction to define
lexical structure + syntax + semantics of programming languages

Compiler-generator translates attributed grammar into an

interpreter or compiler for the language
Prog.

Y

Compiler-

ATG generator

Compiler

Y

Y

Exec?j
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GP Problem = |\

ATG + Semantic Actions + Objective Function = - \\\\ N

We can extend the concept for the definition of GP problems

GP
| | ePDL GP
GPDL- Compiler "l Problem
Grammar + Y
Semantics + _
Objective Function Solution
+ Fitness
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Example: Symbolic Regression Problem —

PROBLEM SymbRegKoza

CODE <<
double[,] inputValues;
double[] targetValues;
string[] variableNames;

double GetValue (double[,] data, string varName, int row)
{/**/ 1}
double RSquared(double[] xs, double[] ys)
{/**/ 1}
void LoadData (string fileName, out double[,] x,
out string[] varName, out double[] target)
{/**/ 1}
>>
INIT <<

LoadData("filename.csv",

out inputValues, out variableNames, out targetValues);
>>

/*************************************************/
NONTERMINALS

Model<<int row, out double val>>.

RPB<<int row, out double val>>.

Add<<int row, out double val>>.

Sub<<int row, out double wval>>.

Mul<<int row, out double val>>.

Div<<int row, out double val>>.

/*************************************************/
TERMINALS
ERC<<out double val>>
CONSTRAINTS
val IN RANGE <<-100>> .. <<100>>

Var<<out string varName>>
CONSTRAINTS
varName IN SET <<variableNames>>
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OBERQSTERREICH

HeuristicLab

/*************************************************/
RULES
Model<<int row, out double val>> =
RPB<<row, out val>>

RPB<<int row, out double val>> = LOCAL << string varName; >>
Add<<row, out wval>>
| Sub<<row, out val>>
| Div<<row, out val>>
| Mul<<row, out val>>
|

Var<<out varName>> SEM << val =
GetValue (inputValues, varName, row) ;
>>
| ERC<<out val>>
Add<<int row, out double val>> = LOCAL << double x1, x2; >>

RPB<<row, out x1>> RPB<<row, out x2>> SEM<< val = xl1 + x2; >>

Sub<<int row, out double val>> = LOCAL << double x1, x2; >>
RPB<<row, out x1>> RPB<<row, out x2>> SEM<< val = xl1 - x2; >>

Div<<int row, out double val>> = LOCAL << double x1, x2; >>
RPB<<row, out x1>> RPB<<row, out x2>> SEM<< val = x1 / x2; >>

Mul<<int row, out double val>> = LOCAL << double x1, x2; >>
RPB<<row, out x1>> RPB<<row, out x2>> SEM<< val = xl1 * x2; >>

/*************************************************/

MAXIMIZE
<<
var rows = Enumerable.Range (0, inputValues.GetLength(0))
var predicted = rows.Select(r => {
double result;
Model (r, out result); /* we can call the root symbol directly */
return result;
b
return RSquared (predicted, targetValues) ;
>>
END SymbRegKoza.

/* could also use the keyword MINIMIZE here */
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Our contribution

HeuristicLab

Definition of a language for the definition of GP problems

e Based on the idea of ATGs with semantic actions
* Extended by a fitness function

Reference implementation using HeuristicLab as the backend

*  Compiler-compiler: Coco-2 (available in many languages)

First step to facilitate discussion in the community

* Contributions are welcome!
* Open development of language specification and reference implementation
* Send us comments and feedback on syntax and semantics
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Syntax of GPDL (excerpt)

COMPILER GPDefSyntaxAnalyzer

KEYWORDS
'PROBLEM'. 'END'. 'EPS'. 'LOCAL'. 'NONTERMINALS'. 'RULES'.
'SEM'. 'MAXIMIZE'. 'MINIMIZE'. 'TERMINALS'. 'CONSTRAINTS'.
'IN'. '"SET'. 'RANGE'.
TOKENS
l:l. l‘l. l.l. l(l. l)l. l[l. l}l. l{l. l}l. l>>l. l..l.
NONTERMINALS
GPDefSyntaxAnalyzer.

SemDecl. SemAction. NonterminalDecl.
RuleDef. SynExpr. SynTerm. SynFact. TerminalDecl.

ConstraintDef. ConstraintRule. SetDefinition.

RULES
GPDefSyntaxAnalyzer =
'"PROBLEM' ident

['"CODE' /* SourceText */]

["INIT' /* SourceText */]
'NONTERMINALS' { NonterminalDecl }
'TERMINALS' { TerminalDecl }

'"RULES' { RuleDef }
("MAXIMIZE' | 'MINIMIZE') /* SourceText */
'"END' ident '.'.

END GPDefSyntaxAnalyzer.
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Reference Implementation for
HeuristicLab: Building the Compiler

GPDL
Coco-2

Y

GPDL

Compiler
ATG
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C#
Compiler

Y

GPDL
Compiler
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Reference Implementation for HeuristicLab: |\

- AL
Building a Solver for a Problem 1 R
HeuristicLab \\
GPDL
Compiler—> Coco-2 - SPDL.I Additional
ATG *_gg‘p' el |*es
C#
Compiler
— ¥
Problem GPDL
Definition > > Problem Additional
Compiler Source itiona
GPDL " cs

<, J

Compiler

Y

Solver for
Problem
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Reference Implementation for
HeuristicLab: Using the Solver

HeuristicLab

GPDL
Compiler—> Coco-2 - SPD'—, Additional
ATG ¢ S;npller * s

NS

New version of the
GPDL specification C#
Compiler
—B [
Problem
o - GPDL Problem i
Definition ~| Compiler | Source Additional
GPDL " cs *.cs
For each new \ /
GP problem C#
Compiler
For each data set / External | Solver for Solution
Experiment Data Problem + Fitness
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Integration into HeuristicLab

HeuristicLab

View [::
Library: GPDL Example Provider - Instance: [ Symbolic Regression (Koza-style) - &
71: RPB<«<int row, out double wval:: = LOCAL << string varMame; >> [E]
72 Addition<<row, out wvals>»

73 | subtractionc<row, out val:»

74 | Divisionccrow, out vals:

75 | multiplication<<row, out valss

76 | var<<out varNames» SEM << val = Getvalue(inputvalues, varMame, row); >

77 | ERC<<out vals»

79

28: Addition<<int row, out double val:> = LOCAL << double x1, x2;

21 RPB<<row, out x1>»> RPB<<row, out x2>x SEM<< wval = X1 + x2; »>

23: Subtraction<<int row, out double val>>» = LOCAL << double x1, x2;

24 RPB<<row, out x1»»> RPB<<row, out x2 SEM<< wval = x1 - x2; »>

85 .

26: Division<<int row, out double val:> = LOCAL << double x1, x2;

27 RPB<<row, out x1>»> RPB<<row, out x2>x SEM<< val = x1 J x2; »>»

23 .

29 Multiplication<<int row, out double wvalz»> = LOCAL << double x1, x2;

98 RPB<<row, out x1>»> RPB<<row, out x2>x SEM<< wval = X1 * x2; »>»

91

92

93 MAXIMIZE /* could also use the keyword MINIMIZE here =/ W
94 g«

95 var rows = system.Ling.Enumerable.Range(e, inputwvalues.GetLength{a));

96 var predicted = rows.Select{r =

97 double result; A
98 Model{r, out result); /* we can call the root symbol directly =/ =
99 return result;

laa ¥

181 return RSquared(predicted, targetvalues);

1a2 I

1282 END SymbRegxoza.

184
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Integration into HeuristicLab

HeuristicLab

delp

Graphical SymbolicExpressionTree View

sProblem } SymbRegKozaProblem

Offspring Selection Genetic Algorithm

Mame: Offspring Selection Genetic Algorthm

| Problem | Palametersl Results | Runs | Operator Graph I

Results
Detd
¥ EvaluatedSolutions: 54700
14 Symbal frequencies: Symbol frequencies Mar

% Symbolic expression tree length: Values
1) Symbolic expression tree lengths: Tree Length
Je Best tree: SymbolicExpression Tree

- - X - - OTTETNIOSS T3 ooy (S AR SRS R Ry

M CurmertBestQuality: 0,73868373322128653 CurrentiverageQuality BestknownQuality
W CumentAverageQuality: 0, 7330079730772041 —— CurrentWorstQuality

@ CumertWorstQuality: 0,78736185702243544

¥ BestQuality: 0,79868579322128653

[58] Qualities: Qualities

¥ SelectionPressure: 11,999999999999789
| Selection Pressure History: Values

¥ Generations: 22

0.4+
& ComparisonFactor: 1
W Cument SuccessRatio: 0,31 0.2+ .-
ol—
0 5 10 15 20
4 | 1 3

b (] (@] (@

Execution Time: 00:01:42 7148750
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GPDL: Genetie- General Programming X\
Problem Definition Language? %

N

HeuristicLab 3\\\‘ . N

GPDL is framework-independent

* The problem definition is fully de-coupled from the GP implementation
*  Programming language of semantic actions is not fixed
— Any language supported by Coco can be used

GPDL is also solver-independent!

SS—— .

Solver

DN
GPDL

.GPDL —— , >l Find sentence
Compiler oroblem

Y

Solution
+ Fitness
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GPDL: Genetie- General Programming
Problem Definition Language?

HeuristicLab c\\\\ &

GP is only one way to find an optimal sentence
Alternatives:
* Enumeration
* Tree-Search

*  Estimation of distribution algorithms

Different types of solvers can be tested easily

Compare modeling languages for MIP-formulations (e.g. GAMS)

Solvers that adapt to the problem instance?

* Explicit definition of syntactical structure and semantics of the problem language
* Information could be used by the solver
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Next Steps

GPDL compiler is included in the next release of HeuristicLab
Not yet because we want to improve syntax/semantic error reporting

Updates of language specification and reference implementation
On our website.

Work on alternative solvers

We need help!

¢ Implement additional problems

¢ Comments on the GPDL syntax / semantics
¢ Implement compilers for other backends

 EC],

* GEVA

*  EpochX
e DEAP
 JGAP
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