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* Planned Features
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* Bibliography
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Objectives of the Tutorial

HeuristicLab

Introduce general motivation and design principles of HeuristicLab
* Show where to get HeuristicLab

* Explain basic GUI usability concepts

* Introduce Metaheuristics and Evolutionary Algorithms

* Demonstrate basic features

* Demonstrate editing and analysis of optimization experiments
 Demonstrate custom algorithms and graphical algorithm designer

e Qutline some additional features



Introduction to HeuristicLab

Motivation and Goals

graphical user interface

paradigm independence

multiple algorithms and problems

large scale experiments and analyses
parallelization

extensibility, flexibility and reusability

visual and interactive algorithm development
multiple layers of abstraction

Facts

development of HeuristicLab started in 2002

based on Microsoft .NET and C#

used in research and education

second place at the Microsoft Innovation Award 2009
open source (GNU General Public License)

version 3.3.0 released on May 18th, 2010

latest version 3.3.5 released on July 9th, 2011
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Where to get HeuristicLab?

HeuristicLab
 Download binaries
— deployed as ZIP archives
— latest stable version 3.3.5
 released on July 9th, 2011 HeuristicLab _ | ;
— daily trunk build M i e
— http://dev.heuristiclab.com/download e e e e ey s

* Check out sources
— SVN repository
— HeuristicLab 3.3.5 tag
* http://dev.heuristiclab.com/svn/hl/core/tags/3.3.5
— current development trunk
e http://dev.heuristiclab.com/svn/hl/core/trunk e e o e 5 i e e e

Dewmicisd in ather formats:

* License
— GNU General Public License (Version 3)

* System requirements
— Microsoft .NET Framework 4.0 Full Version
— enough RAM and CPU power ;-)
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Plugin Infrastructure

e HeuristicLab consists of many assemblies

95 plugins in HeuristicLab 3.3.5

plugins can be loaded or unloaded at runtime
plugins can be updated via internet
application plugins provide GUI frontends

* Extensibility

developing and deploying new plugins is easy

dependencies are explicitly defined,
automatically checked and resolved

automatic discovery of interface
implementations (service locator pattern)

* Plugin Manager

GUI to check, install, update or delete plugins
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Heuristiclab 3.3.3.5446

== x )

Applications

Heu

risticLab Plugin Manager 3.3.3.5446

Optio

Update Plugins

ns

QII‘IS Awailable Plugins | Log

Nam

e Version
42 HeunsticLab ALGLIB 3105445
42 HeuristicLab Algorithms DataAnalysis 3335448
42 HeuristicLab Algorithms DataAnalysis Views 3335448
42 HeuristicLab Algorithms Evolution Strategy 3335448
42 HeunisticLab Algorithms Genetic Algorithm 3335448
42 HeuristicLab Algorithms LocalSearch 3335448 |
42 HeuristicLab Algorithms NSGAZ 3335448
4= HeunsticLab.Algorithms Offspring SelectionGenetic Algorithm 3335446
4= HeunsticLab.Algorthms. Simulated Annealing 3335446
42 HeunsticLab. Alaorithms TabuSearch 3.3.3.5446
1 3

| 43 Refresh List | [ i@ Update Selected

Delete Selected




Graphical User Interface

HeuristicLab

* HeuristicLab GUI is made up of views
— views are visual representations of content objects
— views are composed in the same way as their content
— views and content objects are loosely coupled
— multiple different views may exist for the same content

* Drag & Drop
— views support drag & drop operations
— content objects can be copied or moved (shift key)
— enabled for collection items and content objects



Graphical User Interface HL

HeuristicLab
( HeuristicLab Optimizer 3.3.3.5448 [Unsaved] |
| Eile Edit View Help
‘ Start Page - X
| [ame Genetic Algorthm - TS
|
|
[
|

View Double Value View
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Graphical User Interface

HeuristicLab

* ViewHost
— control which hosts views
— right-click on windows icon to switch views
— double-click on windows icon to open another view
— drag & drop windows icon to copy contents

 ~ cdr=i =~ alircaDararsata ' & A
v LonstrainedValuerarameter View

ConstrainedValueParameter Configuration View

ValueParameter View
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Metaheuristics

HeuristicLab

 There are problems which can‘t be exactly solved in
feasible time (e.g. NP-hard)

— High complexity

— Large search space

— Curse of dimensionality/Combinatorial explosion
— But: Solution evaluation is cheap

- Try to generate a solution
* Check if you can generate a better solution

Metaheuristics don‘t (always) find the best solution,
but a good solution



Evolutionary Algorithms

HeuristicLab

— Ildea:
* Simulation of natural evolution
* Adaptation of species considered as an optimization process
* Population-based optimization

Mechanisms of optimization: Mechanisms of evolution:
e Evaluation on the basis of fitness e Selection

function e Variation
e Selection on the basis of fithess e Replication

e Solution manipulation
e Acceptence or rejection



Flowchart of an EA

HeuristicLab
* |nitial population of individuals is Initialization
generated randomly or heuristically. I
* Individuals are evaluated and are Fitness evaluation
assigned a certain fitness value. )
. . . .. . =4 Selection
 While termination condition is not met
* Fitter individuals are selected for ,
reproduction and children are Variation
produced by applying crossover
and mutation on the parents. I
Fitness evaluation
* The new individuals are evaluated.
| Salaction/
* New population |sc§enerated from Replacement
the new and /or old individuals. T
End while. iy




Genetic Algorithms

HeuristicLab
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Crossover

e Simple but effective:
—Single-Point Crossover

 Generalizations:
—Two-Point Crossover
—n-Point Crossover

* Crossover points are set
randomly

HeuristicLab
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Mutation

HeuristicLab

* Bit-Flip with little probability

SN 1 SN RN N | o [N ER KN
Jd
SN N KN A | - (RN RN

« Generally one bit is changed in mutant (in case of
very long chromosomes sometimes even more bits)
« Mutation rate defines probability of being mutated
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Available Algorithms & Problems

HeuristicLab

Algorithms Problems
*  Genetic Algorithm e Single-Objective Test Function
* Island Genetic Algorithm * Traveling Salesman Problem
*  Offspring Selection Genetic Algorithm *  Quadratic Assignment Problem
Island Offspring Selection Genetic Algorithm Vehicle Routing Problem
SASEGASA Scheduling
Evolution Strategy Knapsack
NSGA-II OneMax
Particle Swarm Optimization Data Analysis
Local Search Regression

Simulated Annealing

Tabu Search

Variable Neighborhood Search
Linear Regression

Linear Discriminant Analysis
Support Vector Machine
k-Means

User-defined Algorithm

Symbolic Regression
Classification

Symbolic Classification
Clustering

Artificial Ant

External Evaluation Problem
User-defined Problem
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Demonstration Part I:
Working with HeuristicLab

Create, Parameterize and Execute Algorithms
* Save and Load Items

* Create Batch Runs and Experiments

* Multi-core CPUs and Parallelization

* Analyze Runs

* Analyzers

* Building User-Defined Algorithms

HeuristicLab



HeuristicLab Optimizer

=L Heuristiclab Cptimizer 3.3.3.3448 L | ——— | —— —

File Edit View Help
NeE d

Start Page - X

HeuristicLab

HeuristicLab Optimizer 3.3.3.5448

Follow these steps to star working with HeuristicLab Optimizer: ~

pieoqdiy =

1. Open an algorithm
. clickilj (Mew ltem) in the toolbar and select an algorithm or clickﬁ {Open File) in the toolbar and load an
| algaorithm from a file

m

| 2. Open a problem in the algorithm )
| « inthe Problem tab of the algorithm click ilj (Mew Problem) and select a problem or click 5 (Open
Problem) and load a problem from a file |
|

3. Set parameters
| » setproblem parameters in the Problem tab of the algorithm
« setalgorithm parameters in the Parameters tab of the algorithm
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Create Algorithm

HeuristicLab

=
New lter [
HL HeuristicLab Optimizer 3.3.3.5837 Name Version Description i~
File | Edit View Services Help Algorithms
|{l_J New... Ctrl+N l. 4, Evolution Strategy 3335809 An evolution strategy.
F A Genetic Algorithm 3335809 A genetic algorthm.
EZF Open.. Ctrl+0 : . : : .
| <, lsland Genetic Agorithm 3335809 Anisland genetic algoritt
| | Save Ctrl+5 <%, Island Offspring Selection Genetic Algorithm 3335809 Anisland offspring selec
Save As...  Ctrl+Shift+S %, Local Search 3335809 Alocal search algorthm.
Close Ctrl+W %5 NSGAAI 3335809 The Nondominated Sorti
i T %, Offspring Selection Genetic Algorithm 3335809 An offspring selection ge
<+, Particle Swarm Optimization 3.3.3.5935 A particle swam optimiz:
Exit ¥ oACCTACR e T T T = s T o N T S Y E
1| ] | 3
0K [ Concel
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Create or Load Problem

IMMM 2011

1L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [E=EE
Eile Edit VMiew Services Help
NEd
Hi |~ Genetic Algorithm x
o
2
=l

v]
=]
=
[&]

Execution Time:  00:00:00
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Import or Parameterize Problem Data HL

IMMM 2011

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [E=REE
Eile  Edit View Services Help
NS d

11| Genetic Algorithm x

=

Z| MName:  Genetic Algorithm @ B8

(=]

=

Problem | Parameters | Results | Runs | Operstor Graph | Engine |

BE)

Import from TSPLIB

() B &) (%) &

Details

] BestKnownQuality: 6110 -
%% BestKnownSolution: [0:40:38:116:111:114:27;|  Name: Boiies
ﬁt Coordinates: [[334,5509245845;161, 78

Data Type: DoubleMatrix

0[3 DistanceMatrix val
* Evaluator: TSPRoundedEuclideanPathEvalua) aue

“ SolutionCreator: RandomPemmutationCreator Show in Run:

¥ UseDistanceMatrix: True

Rowis: 130

Columns: 2

Column 1 Column 2
el N 161,780931...
357 644663... | 262,816533...
503.874182... | 172.874115...
444 047540,

219 £99F14

Execution Time:  00:00:00
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Parameterize Algorithm

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = | = g

Eile Edit Miew Services Help

HeuristicLab

D= -
|||~ Genetic Algorithm x
o

= Name: Genetic Algorithm (i ..g
(=]

&

=4 Problem | Farameters | Results | Runs | Operator Graph | Engine

Parameters

-LF;«'

“ Analyzer: MuttiAnatyzer
-4 Crossover: OrderCrossover? Name: MaximumGenerations
¥ Elites: 1

’
& MutationProbabilty: 5 % Value

4 Mutator: Inversion Manipulator Show in Run:
# PopulationSize: 100
@ Seed: 0 Value: 1000
“% Selector: Proportional Selector
¥ SetSeedRandomly: True

Details

Data Type:  IntValue

n (=] (@) Execution Time: 00:00:00
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Start, Pause, Resume, Stop and Reset HL

IMMM 2011

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

P

Eile

Edit  Miew Services Help

DS A

[ preoqdip |

 Genetic Algorithm

Name: Genetic Algorithm

Problem | Parameters | Results [ Runs | Operator Graph | Engine |

® 3

Parameters

(] &0 &Y ) @& [+

=@ Analyzer: MultiAnalyzer

=@ Crossover: OrderCrossover?
¥ Elites: 1

[ ManimumiGenerations: 1000
% MutationProbability: 5 %

=4 Mutator: Inversion Manipulator
# PopulationSize: 100

# Seed: 0

=@ Selector: Proportional Selector
¥ SetSeedRandomly: True

Details

Hame: MaximumGenerations

Data Type:  IntValue

Value

Show in Run:

Walue: 1000

Execution Time: 00:00:00
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Inspect Results

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Name: Genetic Algorithm

Eile Edit Miew Services Help
DE -
-~ Genetic Algorithm X
® =&

Problem | Parameters | Results | FRuns

Results

-LF;«'

# EvaluatedSolutions: 26236

¥ Generations: 264

28] Best TSP Solution: Path TSP Tour

@ CumentBestQuality: 24652

@ CumentAverageQuality: 27311

@ CumentWorstQuality: 30528

# BestQuality: 24652

# BestKnownQuality: 6110

# Pbsolute DifferenceBestknown ToBest: 18542
¥ RelativeDifferenceBest Known ToBest: 303,469
0 Qualities: Qualities

[ preoqdip |

Operator Graph | Engine

Details

Hame: Qualities

Qualities

—— CurrentBestQuality — CurrentWorstQuality —— BestQuality BestKnownQuality

CurrentfverageQuality

50000 7

WA
A
%mﬁw

L%»M*v_ﬁ."'w\'v STy
BTV

Execution Time: 00:00:01.6910967
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Compare Runs

* Arun is created each time when the algorithm is stopped
runs contain all results and parameter settings
previous results are not forgotten and can be compared

IMMM 2011

r
HL Heu

risticLab Optimizer 3.3.3.5837 [Unsaved]

L

File Edit View Services Help

NEHd

[ ||~ Genetic Algorithm x
=]

S| Mame: Genetic Algorithm ® =
s

]

= Problem | Parameters | Results | Runs | Operstor Graph | Engine

Runs

Analyze Runs... ~

0[3 Genetic Algorithm Run 1
aﬁ Genetic Algorithm Run 2
6%3 Genetic Algorithm Run 3
0[3 Genetic Algorithm Run 4
aﬁ Genetic Algorithm Run 5
6%3 Genetic Algorithm Run 6
OEX Genetic Algorithm Run 7
i Geretic Algortm Run 8
0@ Genetic Algorthm Run 9
OEX Genetic Algorithm Run 10
<>[8 Genetic Algorithm Run 11
0@ Genetic Algorthm Run 12

Details
Name: Genetic Algorthm Run 8

o W[

Farameters & Results

Name |~
Results L
@ MbsoluteDifferenceBest Known To|

|2 Best TSP Solution
@ BestkKnownGQuality
@ BestQuality
@ CumertAverageQuality
@ CurmrentBestQuality
& CumrertWorstQuality
@ EvaluatedSolutions
Q} Execution Time:
@ Generations
A Qualties
@ RelativeDifferenceBestknownTo -

<= b

Details
Quality
Value: E747

Misualization | Value

Show Algorithm

Execution Time:  00:00:00 5160236
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Save and Load

HeuristicLab

e Save to and load from disk

— HeuristicLab items (i.e., algorithms, problems, experiments, ...)
can be saved to and loaded from a file

— algorithms can be paused, saved, loaded and resumed

— data format is custom compressed XML

— saving and loading files might take several minutes

— saving and loading large experiments requires some memory

7

HeuristicLab Optimizer 3.3.3.5837 [Un:

| File 1 Edit View Services Help

) New.. Ctrl+N
] Open.. Ctrl+0
i Save CtrsS |
| SaveAs.. Ctr+Shiftss
| Close Ctrl+W lR“9
Close All  Ctrl+Shift+W
Exit

; ¥ EvaluatedSolutions: 26236 7
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Create Batch Runs and Experiments

HeuristicLab

Batch runs

— execute the same optimizer (e.g. algorithm, batch run, experiment)
several times

Experiments
— execute different optimizers
— suitable for large scale algorithm comparison and analysis

Experiments and batch runs can be nested

Generated runs can be compared afterwards

- i _ ™
HeuristicLab Optimizer 3.3.3.5837 [Unsaved] Create Experiment Lﬂ—hJ
File | Edit | View Services Help Create Batch Run: |
N G Copy To Clipboard $ Bepetitions: 10 =
] Convert into User-Defined Algorithm . oK ] | Cancel
Al Create Experiment
112 L NemeGenstic Maoihm
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Create Batch Runs and Experiments

IMMM 2011

=
HL HeuristicLab Optimizer 3.3.5.6558 [Unsaved]

File

Edit  View  Services Help

hHEd

[ preondip ]

" Experiment

Optirmizers

20066

(= &, Experiment InversionManipulator
(£} 4, Batch Run (5)
= GA, TSP ch130, 5% Mutation Rate, Inve
% ch130 TSP jmported from TSPLIB)
0[3 Parameters
= Results
=), Batch Run (5)
- %, GA, TSP ch130, 10% Mutation Rate., Inv
L8 ch130 TSP (mported from TSPLIE)

(- &, Experiment TranslocationManipulator

drag & drop here

to add additional
algorithms,
batch runs,

experiments, etc.

Details

Mame:

GA, TSP ch130, 5% Mutation Rate, InversionManipulator

Problem | Parameters | Results | Runs | Operator Graph | Engine|

Parameters

+ 0 X &

‘@ Analyzer: MultiAnalyzer

‘@ Crossover: OrderCrossover2
@ Hites: 1

# MaximumGenerations: 10000
# Mutation Probability: 5 %

4 Mutator: InversionManipulator
@ PopulationSize: 100

@ Seed: 0

‘@ Selector: Proportional Selector
@ SetSeedRandomly: True

Details

Name: Mutation Probability (i n_ﬂ
Data Type: PercentValue

Value

/| Showin Run:

Walue: 5% ._%

Execution Time:  00:00:00

Execution Time:  00:00:00
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Clipboard

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

Clipboard

() [21) (24 [x] ]

% ch130 TSP (mported from TSPLIB)
, Experiment
4, Genetic Mgorithm
%Geﬂeﬁc Algorthm Run 1
% kroA200 TSP {mported from TSPLIB)

drag & drop
here to add
algorithms,
problems,

batch runs,
experiments,
etc.

Genetic Algorithm

Name: Genetic Algorithm|

Problem |F‘a|an'|etars I R&wﬂsl Runs IOpelatorGlaph | Engine|

Name: ch130 TSP {imported from TSPLIB)

[

Impart from TSPLIB

Parameters | \isualization

Parameters

(] &) &J) (%) @&

@ BestKnownQuality: 6110
¢ BestKnownSolution: [0:40:38;116:111:114:27;
%% Coordinates: [[334.5909245845,161.7809319
% DistanceMatrix

=4 Evaluator: TSPRoundedEuclidean PathEvalua
¥ Maximization: False
“@ SolutionCreator: RandomPemmutationCreator
@ UseDistanceMatrix: True

Execution Time: 00:01:02.2315595

IMMM 2011
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Clipboard

Store items

HeuristicLab

click on the buttons to add or remove items

— drag & drop items on the clipboard
— use the menu to add a copy of a shown item to the clipboard

7

Show items

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File | Edit 1 View Services Help

) g

Copy To Clipboard
Convert into User-Defined Algorithm

Create Experiment

Name: Genetic Alaorthm

— double-click on an item in the clipboard to show its view

Save and restore clipboard content

— click on the save button to write the clipboard content to disk
— clipboard is automatically restored when HeuristicLab is started the next time

IMMM 2011
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Start, Pause,

IMMM 2011

Resume,

=
HL HeuristicLab Optimizer 3.3.5.6558 [Unsaved]

Stop, Reset HL

HeuristicLab

(= &, Experiment InversionManipulator
-4, Batch Run (5)

[ % GA, TSP ch130, 5% Mutation Rate, Inve|
%% ch130 TSP (mported from TSPLIB)

e Parameters

=), Batch Run (5)
£ %, GA, TSP ch130, 10% Mutation Rate, Inv
3% ch130 TSP (mported from TSPLIB)
Parameters

[ §, Bxperiment TranslocationManipulator
(- Batch Run (5)
Bl % GA, TSP ch130, 5% Mutation Rate, Trar

& #, Batch Run (5)
- % GA. TSP ch130, 10% Mutation Rate, Tre

Dietails
Parameters

+/ 0900 ) 3

4 Analyzer: Mutti Analyzer

‘4 Crossover: OrderCrossover2
@ Eltes: 1

@ MaximumGenerations: 10000
@ MutationProbability: 5 %

‘@ Mutator: InversionManipulator
@ PopulationSize: 100

¥ Seed: 0

4 Selector: Propertional Selector
¥ SetSeedRandemby: True

File Edit View Services Help
D d
E " Experiment - X
=
= Name: Experiment
o
i Cptimizers | Runs
— Optirmizers
4 |1 | #] |X

Details

Mame: MutationProbability (i .g
Data Type: PercertValue

Value

2| Show in Run:

Walue: 5% =

Execution Time:  00:00:00

http://dev.heuristiclab.com
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Compare Runs

IMMM 2011

o
HL HeuristicLab Optimizer 3.3.5.6558 [C:\Users\p21298\Documents\Demo Experiment (Results).hl]

File

Edit  View Services Help

DEd

[ preoqdiy E |

-~ Demo Experiment

Name:

Demo Experment

Runs
. Analyze Runs...

“t£ GA, TSP ch130, 0% Mutation Rate
“t¢ GA. TSP ch130, 0% Mutation Rate

4

L {GA. TSP ch130, 5% Mutation Rate,
<2 GA, TSP ch130, 5% Mutation Rate,
<t GA, TSP ch130, 0% Mutation Rate,
<t GA, TSP ch130. 5% Mutation Rate,
<t GA, TSP ch130, 0% Mutation Rate,
<2 GA, TSP ch130, 5% Mutation Rate,
<% GA, TSP ch130, 0% Mutation Rate,
“t¢ GA. TSP ch130, 5% Mutation Rate,
2 GA, TSP ch130, 0% Mutation Rate,
<2 GA, TSP ch130, 5% Mutation Rate,
<t GA, TSP ch130, 0% Mutation Rate,
<t GA, TSP ch130. 5% Mutation Rate,
<t GA, TSP ch130, 5% Mutation Rate,
<2 GA, TSP ch130. 0% Mutation Rate,
<% GA, TSP ch130, 0% Mutation Rate,
“t¢ GA. TSP ch130, 5% Mutation Rate,
2 GA, TSP ch130, 0% Mutation Rate,
<2 GA, TSP ch130, 5% Mutation Rate,
<t GA, TSP ch130, 5% Mutation Rate,
<t GA, TSP ch130, 0% Mutation Rate,
<t GA, TSP ch130, 0% Mutation Rate,

Transh
Inversi) _
Swap:
Swap:
Imversi
Transh
Transh
Inversi
Swap:
Swap:
Imversi
Transh
Imversi
Transh
Swap:
Swap:
Inversi
Transh
Transh
Inversi ~
»

Details

Name:

M (Crange. ]

Parameters & Results

Color:

MName

Results

¥ AbsoluteDifferenceBestK
28] Best TSP Solution

@ BestKnownQualty

@ BestQuality

@ CurentAverageQuality
@ CumentBestQuality

@ CumentWorstQuality
¥ EvaluatedSolutions
Q) Execution Time

¥ Generations
A Qualities

< [

GA, TSP ch130, 5% Mutation Rate, InversionManipulator Run 1

Details

Name:  Qualties

@ RelativeDiferenceBestki

Qualities

—— CurrentBestQuality
CurrentfverageGQuality
—— CurrentiwlorstQuality

— BestQuality
BestknownQuality

60000

40000

Al

2000 4000 6000 2000 10000

Show Algorithm

Execution Time:  03:55:16.2570011
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HeuristicLab

35



Analyze Runs

HeuristicLab

HeuristicLab provides interactive views to analyze and compare all runs of
a run collection

— textual analysis
* RunCollection Tabular View
— graphical analysis
* RunCollection BubbleChart
* RunCollection BoxPlots

* Filtering is automatically applied to all open run collection views

Optimizers | Runs

Runs Fitering | |
Runs
Clear Analyze Runs... ~
[ %4 Genetic Aigorithm ‘ RunCollection BoxPlots
“$ Genetic Algorithm | RunCollection BubbleChart c
“$ Genetic Algorithm RunCollection Tabular View F-;
/; gzz::z :222:: RunCollection Variablelmpacts ;
> | - . L
%4 Genetic Algorithm | RunCollection View

| 4¢ Genetic Alnorithm (Mitation Rate 1%) Run ! Il ]

IMMM 2011 http://dev.heuristiclab.com 36



RunCollection Tabular View HL

HeuristicLab

/1. HeuristicLab Optimizer 3335837 [Unsaved] ‘ e )
File Edit View Services Help
DE - |
1|~ Genetic Algorithm }"RunCollection Tabular View | X
éi Rows: 30| =
E Columns: 48
BestKnownQuality BestKnownSolution BestQuality Coordinates Crossover CurentAverageQualty = |
! »  Genetic Algorithm (Mutation Rate 13:) Run 13 5110 [0:40;38,116;111;114;.. | 16405 [[334,5509245... |CrderCrosso... | 1654313
I Genetic Algerithm (Mutation Rate 1%) Fun 14 5110 [0:40:28.116,111;114,.. | 14783 [[334,5909245... | OrderCrosso... | 15029.02
Genetic Algorithm {Mutation Rate 1%) Run 15 5110 [0:40:38;116;111;114;.. | 14252 [[334,53059245... | OrderCrosso... | 14282 85
Genetic Algorithm {(Mutation Rate 1%) Run 16 5110 [0:40:38,116;111;114;.. | 13243 [[334,5305245... | OrderCrosso... | 1324535
Genetic Algorithm (Mutation Rate 1%) Run 17 5110 [0:40:38:116;111;114;... | 13703 [[334,5909245... | OrderCrosso... | 1374938
Genetic Algorithm {Mutation Rate 1%) Run 18 5110 [0:40:38:116;111;114;... | 13564 [[334,5505245... | OrderCrosso... | 1395105
Genetic Algorithm {Mutation Rate 1%) Run 19 5110 [0:40:38;116;111;114;... | 15421 [[334,5305245... | OrderCrosso... | 1543174
Genetic Algorithm {(Mutation Rate 1%) Run 20 5110 [0:40:38;116;111;114;... | 14403 [[334,5505245... |OrderCrosso... | 15147 = I
Genetic Algorithm (Mutation Rate 1%) Run 21 5110 [0:40:38: 116111114, (13771 [[334,5909245... |OrderCrosso... | 1395456
Genetic Algorithm {Mutation Rate 1%) Run 22 5110 [0:40:38:116:111;114;... | 14525 [[334,5305245... |OrderCrosso... | 145323 I
Genetic Algorithm {Mutation Rate 5%) Run 13 5110 [0:40:38;116;111;114;... | 13095 [[334,5309245... |OrderCrosso... | 136427
Genetic Algorthm (Mutation Rate 5%) Run 14 5110 [0:40:38;116;111;114;.. | 12403 [[334,5305245... | OrderCrosso... | 12818.09 I
Genetic Algorithm {(Mutation Rate 5%) Bun 15 5110 [0:40:38,116:111;114;.. | 14031 [[334,53059245... | OrderCrosso... | 1465338 N
Genetic Algorithm {Mutation Rate 5%) Run 16 5110 [0:40;28;116;111;114;... | 12555 [[334,5505245... | OrderCrosso... | 1325795 I
Genetic Algorithm {Mutation Rate 5%) Run 17 5110 [0:40:38:116:111;114;.. | 12792 [[334,5305245... |OrderCrosso... | 1326438 I
Genetic Algorthm (Mutation Rate 5%) Run 18 5110 [0:40:38;116:111;114;.. | 12711 [[334,5305245... | OrderCrosso... | 1315119 N I
Genetic Algorithm {(Mutation Rate 5%) Run 19 5110 [0:40:38,116:111;114;.. | 12326 [[334,53059245... | OrderCrosso... | 12625.78
Genetic Algorithm {Mutation Rate 5%) Run 20 5110 [0:40:38,116; 111,114, | 13346 [[334,5505245... | OrderCrosso... | 1377785
Genetic Algorithm {Mutation Rate 5%) Run 21 5110 [0:40:38:116:111;114;.. | 12807 [[334,53059245... |OrderCrosso... | 1328481 I
Genetic Algorthm {(Mutation Rate 5%) Run 22 5110 [0:40:38,116:111;114;.. | 12741 [[334,5305245... | OrderCrosso... | 1311318
Genetic Algorithm (Mutation Rate 10%) Run 13 5110 [0:40:38,116:111;114;.. | 15521 [[334,53059245... | OrderCrosso... | 1808404
Genetic Algorithm (Mutation Rate 10%) Run 14 5110 [0:40:28:116:111:114,... [16384 [[334,5909245... |CrderCrosso... | 19609.36 i
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RunCollection Tabular View

HeuristicLab

Sort columns
— click on column header to sort column
— Ctrl-click on column header to sort multiple columns

Show or hide columns
— right-click on table to open dialog to show or hide columns

Compute statistical values

— select multiple numerical values to see count, sum, minimum,
maximum, average and standard deviation

Select, copy and paste into other applications



RunCollection BubbleChart HL

HeuristicLab
11 HeuristicLab Optimizer 3.3.3.5837 [Unsaved] “_,‘ (=T
Eile Edit Miew Services Help
NE A
1|~ Genetic Algorithm } RunCollection BubbleChart | X
o
E’ ¥y [BestQuaI'rty v] @ Jitter: D Bubble Size: | Constant v] D ‘-ﬁ
=
20000
[ ] \J
° -
150001+ s
L ] L o ® P
o® o
[ 3 .
& 4
2—, I
£
g 10000+
2 |
[un]
|
|
5000+ |
N
i
D + + +
-0.03 0.02 0.07 0.12
MutationProbability u
N
— N
© Zoom (O Select Il Color 3 | Mutation Probability v] @ Jitter: - D i
N
H
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RunCollection BubbleChart

HeuristicLab

*  Choose values to plot
— choose which values to show on the x-axis, the y-axis and as bubble size
— possible values are all parameter settings and results

* Addjitter
— add jitter to separate overlapping bubbles

e Zoom in and out
— click on Zoom and click and drag in the chart area to zoom in
— double click on the chart area background or on the circle buttons beside the scroll bars to zoom out

*  Color bubbles

— click on Select, choose a color and click and drag in the chart area to select and color bubbles
— apply coloring automatically by clicking on the axis coloring buttons

* Show runs
— double click on a bubble to open its run

* Exportimage
— right-click to open context menu to copy or save image
— save image as pixel (BMP, JPG, PNG, GIF, TIF) or vector graphics (EMF)

*  Show box plots
— right-click to open context menu to show box plots view



RunCollection BoxPlots

i Heutclab Optimiaer 333367 Lnsmed) e elbi=
Eile Edit Miew Services Help
="
11|~ Genetic Algorithm } RunCollection BoxPlots | X
o
2| [ oty 3
2
— 20000 1
.
-
. .
= _———
: |
& 10000+
ke |
Jin]
1 5000+
|
0
0.01 0.05 0.1
MutationProbability
| &
Statistics
MutationProbability: 1 % MutationProbability: 5 % MutationProbability: 10 %
b Count 10 (1]
Minimum 13243 12326 13188
Maimum 16405 14091 16521
Average 14408 12890.7 15325.7
Median 143305 127665 15722
I Stan_da_rd 952,548354804403 516,976477006232 1046,33009581448
| LT ONTIR AAAAAAAAA | 967964 GTTTTITIE 10GASNE ETTITTTR
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RunCollection BoxPlots

HeuristicLab

Choose values to plot
— choose which values to show on the x-axis and y-axis
— possible values are all parameter settings and results

e Zoom in and out
— click on Zoom and click and drag in the chart area to zoom in

— double click on the chart area background or on the circle buttons
beside the scroll bars to zoom out

Show or hide statistical values
— click on the lower left button to show or hide statistical values

Export image
— right-click to open context menu to copy or save image
— save image as pixel (BMP, JPG, PNG, GIF, TIF) or vector graphics (EMF)



Filter Runs

=
HL HeuristicLab Optimizer 3.3.5.6558 [C:\Users\p21298\Documents\Demo Experiment (Results).hl]

File  Edit View Services Help

Name: Demo Experment

[ preondip ]

Runs | Fitering

RunCaollection Constrairts

FMNXE

0[3 Mutator Is type compatible to HeuristicLab. Encodings. PermutationEncoding. TranslocationManipulator

L+ BestQuality Less than or equal 10000

Details

Constrained Member:
Constraint Operation:

Constraint Data:

| BestQuality

| Less than or equal

10000
Active

Execution Time: 03:55:16.2570011

D d
" Demo Experiment x
ORE=

HeuristicLab

IMMM 2011

http://dev.heuristiclab.com

43



Multi-core CPUs and Parallelization

HeuristicLab

* Parallel execution of optimizers in experiments

optimizers in an experiment are executed sequentially from top to bottom per
default

experiments support parallel execution of their optimizers

select a not yet executed optimizer and start it manually to utilize another
core

execution of one of the next optimizers is started automatically after an
optimizer is finished

* Parallel execution of algorithms

HeuristicLab provides special operators for parallelization
engines decide how to execute parallel operations

sequential engine executes everything sequentially

parallel engine executes parallel operations on multiple cores

Hive engine (under development) executes parallel operations on multiple
computers

all implemented algorithms support parallel solution evaluation



Parallel Execution of Experiments HL

o
HL HeuristicLab Optimizer 3.3.5.6558 [C:\Users\p21298\Documents\Demo Experiment (Results).hl]

a0

Eile Edit Miew Services Help

e H
I -~ Dema Experiment x
o

= Name: Demo Experment (i Lﬁ
(=]

i Optimizers | Buns.

Optimizers

T4

=1 % Experiment InversionManipulator

-4, Batch Run (5)
- %, GA, TSP ch130, 0% Mutation Rate, Inve
@5 ch130 TSP (mported from TSPLIB)
<% Parameters
=] Results
= Run (5)
B4 Mutation Rate, Inve
- #% ch130 TSP {imported from TSPLIB)
----- 0[3 Parameters
-] Resutts
&, Batch Run (5)
B;{a GA, TSP ch130, 10% Mutation Rate, Inv]
2 ch130 TSP fmported from TSPLIE)

----- <% Parameters

E-#% B
- %, GA, TSP ch130, 20% Mutation Rate, Inv
485 ch130 TSP fmpotted from TSPLIE)
----- <% Parameters
-] Resutts

Details

MName: GA, TSP ch130, 5% Mutation Rate, InversionManipulator

Problem | Parameters | Results | Runs | Operator Graph | Engine|

® =

O =
MName: ch130 TSP {mported from TSPLIB)

Import frem TSPLIE

Parameters | Visualization

Parameters

+ 21 &) (%) &

W BestKnownQuality: 6110
0[3 BestKnownSolution: [0;40,38;116;111;114:27;
“t4 Coordinates: [[334.5909245845;161.7809319'
% DistanceMatrix
‘9 Evaluator: TSP RoundedEuclideanPathEvalua
‘4 SolutionCreator; RandomPemutationCreator
# UseDistanceMatric: True

n | b

v|[u][a][a] 1. start experiment

v/ (] (@] (@] 2. start other optiarizesr Sedfssszom

Execution Time:  01:19:30.0586110

IMMM 2011

http://dev.heuristiclab.com
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Parallel Execution of Algorithms

HL.

HeuristicLab

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

IMMM 2011

Eile Edit Miew Services Help
NEd
1|~ Genetic Algorithm x
o
= Name: Genetic Algorithm (i I_%
(=]
=
Engine: | Parallel Engine
Execution Time:  00:00:06.0343451
|
05.04 2011 01:42:25 Engine prepared "
I 05.04.2011 01:42:25 Engine started
i 05.04 2011 01:42:31 Engine stopped
i
i
|
il
i
|
H
|
il
|
|
L
I
4 k
P [(u] [(m] (@) Execution Time: 00:00:06 0343451

http://dev.heuristiclab.com
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Analyzers

HeuristicLab

* Special operators for analysis purposes
— are executed after each iteration
— serve as general purpose extension points of algorithms
— can be selected and parameterized in the algorithm
— perform algorithm-specific and/or problem-specific tasks
— some analyzers are quite costly regarding runtime and memory
— implementing and adding custom analyzers is easy

 Examples
— TSPAlleleFrequencyAnalyzer
— TSPPopulationDiversityAnalyzer
— SuccessfulOffspringAnalyzer
— SymbolicDataAnalysisVariableFrequencyAnalyzer
— SymbolicRegressionSingleObjectiveTrainingBestSolutionAnalyzer



Analyzers

o HeutclabOptmizer 333V Wnseved]
| Ele Edit View Services Help
NEd
1|~ Genetic Algorithm
o
i = Name: Genetic Algorithm
(=]
Z [ Problem | Paremeters | Resuts | Runs | Opertor Graph | Engine |
Parameters
+ 0@ X E
Details
= =r: Multi Anatyzer )
=@ Crossover: OrderCrossover? Hame: Analyzer D =7
 Bites: 1 Data Type:  MuttiAnalyzer
@ MaximumGenerations: 1000
& MutationProbabilty: 5 % Value
=4 Mutator: InversionManipulator Show in Run:
# PopulationSize: 100 - i
@ Seed D MName: MuttiAnalyzer o ==
I =@ Selector: Proportional Selector Breakpoint:
¥ SetSeedRandomly: True m
I
4 Best TSP SolutionAnalyzer
- TSPAlleleFrequencyAnalyzer
=4 TSPPopulation Diversity Analyzer

&% BestAverageWorstQualityAnalyz

Execution Time: 00:00:00
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TSPAlleleFrequencyAnalyzer

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

[ preoqdin ]

File  Edit

DS A

View  Services Help

-~ Genetic Algorithm

Name: Genetic Algorithm

| Problem I F‘alamatars| Results |Hun5 |Opalator Graph | Engine|

Results

+) &f) &Y [x

# EvaluatedSolutions: 93100

W Generations: 1000

28] Best TSP Solution: Path TSP Tour
TSP AleFrequency e el g
% TSP PopulationDiversity Anahyzer Results:
# CumentBestQuality: 11753

o CumentAverageQuality: 12056,36

o CumentWorstQuality; 14489

o BestQuality: 11753

W BestKnownQuality: 6110

@ AbsoluteDifferenceBestknown ToBest: 5€
# RelativeDifferenceBest Known ToBest: 92
A Qualiies: Qualities

Resutts

2 E 8 X &

itlls Allele Frequencies: AlleleFrequencyCollection
L Alleles: Alleles

# Fixed Alleles of Best Known Solution: 17

# Fixed Alleles: 63

@ Lost Alleles of Best Known Solution: 93

@ Unique Allsles of Best Known Solution: 37

@ Unique Allsles: 325

Relative Frequency

o 2 o 2
e L

[=]

B Aleles of Best Known Solution
Other Alleles

Average Solution Qualities
Average Impact

.

Allele Frequencies

Auent uoiinjog abelasy

50 100
Allele Index

Execution Time: 00:01:02.2315595
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TSPPopulationDiversityAnalyzer

IMMM 2011

HL

HeuristicLab

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile

Edit  Miew Services Help

DS A

[ preoqdin ]

 Genetic Algorithm

Name: Genetic Algorithm

| Problem | Parameters | Results | Runs | Operater Graph | Engine |

Results

(#] ]

# EvaluatedSolutions: 4159

¥ Generations: 41

28] Best TSP Solution: Path TSP Tour

¢ TSP AlleleFrequencyAnalyzer Results: Re
% T5P PopulationDiversityAnatyzer Results:
@ CumentBestQuality: 24603

& CumentAverageQuality: 38146.03

& CumertWorstQuality: 41356

@ BestQuality: 34603

@ BestKnownQuality: 6110

@ Pbsolute Dference Bestknown ToBest: 2§
@ RelativeDifferenceBest Known ToBest: 45
A Qualiies: Qualities

Resutts

[+ 1) &) [x) &

Details

@ Pverage Average Solution Similarty: 0,236725

80

Row [ndes

# Pverage Maximum Solution Similarity: 0,59569; - PR g

@ Average Minimum Solution Similarity: 0,111307 Solution Similanties
|4 Average Minimum/Average,/Maximum Solution| 100
|4 Minimum./ &verage/Maximum Solution Similaritie
Soll.rtion Similarties: Solution Similarties

1}
Grayscale

Execution Time: 00:00:09.9455691
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Building User-Defined Algorithms

HeuristicLab

*  Operator graphs
— algorithms are represented as operator graphs
— operator graphs of user-defined algorithms can be changed
— algorithms can be defined in the graphical algorithm designer
— use the menu to convert a standard algorithm into a user-defined algorithm

7

7

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] HeuristicLab Optimizer 3.3.3.5837 [Up
File | Edit View Services Help ) File Edit | View 1 Services  Help
N @ Copy To Clipboard NE d | StairtPageii
[y Convert into User-Defined Algorithm ’ "(Fef v | Clipboard
Al Create Experiment [1 I Operators i
=l Name—Genefic Algorthm

adipH

Name:  Genelic Algorthm
*  Operators sidebar

— drag & drop operators into an operator graph

*  Programmable operators

— add programmable operators in order to implement custom logic in an algorithm
— no additional development environment needed

*  Debug algorithms
— use the debug engine to obtain detailed information during algorithm execution
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Building User-Defined Algorithms HL

IMMM 2011

HeuristicLab

»
HL HeuristicLab Optimizer 3.3.3.5837

Eile

pieogdiy &

|

Edit  Miew Services Help

NEd

Available Operators

Q,
r)-{} HeuristicLab Problems. TestFunctions 3.3
{} HeursticLab Problems. TravelingSalesman 3.3
{} HeunsticLab Froblems.VehicleRouting 3.3
#--{} HeunsticLab Random 3.3

=-{} HeuristicLab. Selection 3.3

----- 4 BestSelector

4 Conditional Selector

4 Crowded Toumament Selector

452 GenderSpeciicSelection

----- 4@ LeftReducer

----- 4 LeftSelector

i LinearRank Selector

----- ‘@ MergingReducer

----- ‘¢ NoSameMatesSelector

¢ OffspringSelector

----- g FroportionalSelector

5% RandomReplacer

----- 4 Random Selector

ég Replacer

i RightChildReducer

----- ‘¢ RightReducer

----- ‘@ RightSelector

----- i Toumament Selector

ég WorstReplacer

----- 4 WorstSelector

4 m

m

4

L guality proportional selection
operator which considers a single
double guality walue for selection.

=

o= AW

. Genetic Algorithm - %
Mame:  Genetic Algorithm @ =
| Problem | P | R&whsl Runs | Operator Graph |Global Scope | Engine|

5

GeneticAlgorithmMainLo gr """"

Execution Time: 00:00:03.5182012

http://dev.heuristiclab.com

52



Building User-Defined Algorithms HL

HeuristicLab
rHL HeuristicLab Cptimizer 3.3.3.5837 l == u

Eile Edit Miew Services Help

="
I GeneticAIgotilhm)/GeneticAIgoﬁthmMainLoop - X
L]
% Name: GeneticAlgorithmMainLoop (i %
i Breakpoint:
— Cperator Graph
HL
2 =
fgC it IBranch :} Lo I 5\‘_ O & s IntCounter
i L J L y,
I ) g
[l B e ®
¢l /
M v
\ - 4 '3
\ v SubScopesProcessor = o ‘s BestSalactor 3 v RightReducer
£ ) (e
(
\ Oalﬁmpeilm__ﬂ__.,‘nﬁnm 1 %‘umm
— . \ { v UniformSubScopesP ro
i S50
e
+¢ Chiil Creator E} ;{59:::5 opesProces |y /.
; 3 v Crossover
F i D
Details
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Programmable Operators

=
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] l = | = g

Eile Edit Miew Services Help

HeuristicLab

DE -
I Genetic Algerithm }/GeneticAIgori‘thmMainLoop/J/ProgrammableSingleSuccessor_ - X
L]
‘é. Name: Programmable Single SuccessorOperator @ Lﬂ
i Breakpoint: [~
— Parameters | Code
HL ]
1(33 :}’ Not compiled - public class ProgrammableSingleSuccessorOperator {
o 12
% Pssemblies 13 public static IOperation Execuote (ProgrammableSingleSuccessorOperator op,
= - ka¥ HeuristicLab ALGLIB . 14
[ HeunsticLab.Ngomhms.Data.FE 15 //{ implement custom operatorl
[ 143 HeuristicLab Algorithms. Datas 16
| -] ]43 HeuristicLab Algorithms. Evalus 17 return op.S3uccessor == null ? null : context.CreateOperation(cp.Succes
[ 143 HeuristicLab Algorthms.Genel . } L
i {43 HeuristicLab Algorithms. Local. . '

[ 143 HeuristicLab Algorithms. NSG£
{143 HeuristicLab Algorithms.Offspr
{143 HeuristicLab Algorithms. Partic
{143 HeuristicLab Algorithms. Simul:
{143 HeuristicLab Algorithms. Tabu!
[ 143 HeuristicLab Algorithms. Variat il

[Tl U iwictind =k Am=hmin
4 L} 3

Mamespaces
{} Commen

m

BD {} Win32 L
L} SafeHandles s
=-1{} System ‘| m 3
5.J714Y Cadaliam S
< L] | » Ready powered by #develop . U
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Debugging Algorithms

IMMM 2011

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

lsmj,e.lado = J I paeaqdiy & ‘

File Edit View

DS A

Services

Help

-~ Genetic Algorithm

Name: Genetic Algorithm

-ip ConditionalBranch

4 n

‘g BestAverageWorstQualityAng

(] 1 skip Stack

‘¥ TSPPopulationDiversity Analyzer
Execution Context

‘i Successor = null

4% Madmization = False
4% Solution (TSPTour) = e
% Quality (TSP TourLength

@ StoreHistory = Falze

@ Updatelnterval =1

0[3 UpdateCounter (Popula
=-{} GeneticAlgorithmMainLy
----- “i Successor =null

----- 0[3 Random = Mersenr
----- 0[3 Maximization = Fals
44 Quality (TSP Tourle
@ Selector = Proportic
----- -4 Crossover = OrderC
----- ¢ MutationProbability
----- S Mutator = Inversion

----- 0[3 MapdmumGeneration
..... %% Resutts = Type misr ™

| F

=-{} TSPPopulationDiversityAna

4% Results = ResultCollecti =

ERH] Giobal Scope (16+100)

@ Results = ResultCollection

Random = Mersenne Twister
EvaluatedSolutions = 2179
Generations = 21
MuttiAnalyzerlUpdateCounter = 0
BestSolution = Path TSP Tour
AlleleFrequencyAnalyzerlpdateCon
Population Diversity AnalyzerUpdate
BestQuality = 36215
CurmertBestQualty = 36215
CumentAverageCuality = 4081274
CumertWorstQuality = 45147
Qualties = Qualties

Absolute Difference BestKnown ToB
RelativeDifference BestKnown ToBe
Teminate = False

| »

m

Enabled

4 Selector

% SubScopesProcessor

% SubScopesProcessor

% Merging Reducer

9 IntCounter

“ Comparator

i Analyzer

‘4 CondttionalBranch

4 Selector

% SubScopesProcessor

% SubScopesProcessor

¢ Merging Reducer

W IntCourter

‘i Comparator

i Analyzer

“ CondtionalBranch

4 Selector

% SubScopesProcessor

% SubScopesProcessor

¢ Merging Reducer

W IntCourter =
4 1 3

‘4 CondttionalBranch =

(] [w] (@) @)

Execution Time: 00:00:03.5182012
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Agenda

HeuristicLab

* Objectives of the Tutorial

* Introduction

Where to get HeuristicLab?

e Plugin Infrastructure

e Graphical User Interface

* Auvailable Algorithms & Problems

 Demonstration Part I: Working with HeuristicLab
 Demonstration Part Il: Data-based Modeling

 Some Additional Features
* Planned Features

* Team

e Suggested Readings

e Bibliography

* Questions & Answers



Demonstration Part |I:
Data'based MOde“ng HeuristicLab

* |Introduction

* Regression with HeuristicLab

* Model simplification and export
e Variable relevance analysis

* Classification with HeuristicLab
* Validation techniques



Introduction to Data-based Modeling

IMMM 2011

Training

Test

y=flx,w)+ e

x1 X2 x3 x4 x5 X6 y
52.0085 58497.7 26.9956 24.0391 12.9005 66.2633 4.027
52.9874 59181.1 27.0061 23.7483 12.7239 66.8367 4.154
54.0505 58879.2 26.8679 23.5869 12.5877 67.6773 4.047
55.3182 58982.3 27.1852 23.7869 12.6229 67.7128 4.118
46.5388 59270.3 26.4421 24.2601 12.5892 65.7425 4.743
56.0167 58234.5 26.1072 23.4412 12.4224 67.9462 4.042
57.0168 58021.7 26.2513 23.3085 12.3036 69.4392 3.721
57.0139 59228.5 26.2285 23.4041 12.3685 68.3322 3.593
62.5214 | 49855.7 26.3076 22.7812 12.0711 70.3331 3.785
69.9885 53534.4 25.5916 21.3448 11.0299 73.7138 3.028
70.0156 55058.2 25.5759 21.4617 11.0915 72.9846 3.137
70.0446 56099.4 26.059 21.4652 11.0684 73.2351 ?
70.0335 55891.6 26.1834 21.3318 10.6288 74.8925 ?
70.0164 56841.1 26.1791 21.2119 10.0354 74.8419 ?
70.0147 58254.6 26.7381 21.3367 10.9244 73.2341 ?
70.0061 544449 26.5786 21.2395 10.6505 74.9187 ?
70.0325 48858.2 26.3799 21.4135 10.8558 74.0993 ?

http://dev.heuristiclab.com
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Introduction to Data-based Modeling

HeuristicLab

* Dataset: Matrix (X;;) i-1 n, i= 1.«
— N observations of K input variables
— X;; = i-th observation of j-th variable
— Additionally: Vector of labels (y;...yy)"

* Goal: learn association of input variable values to labels

e Common tasks
— Regression (real-valued labels)
— Classification (discrete labels)
— Clustering (no labels, group similar observations)



Data-based Modeling Algorithms in
H eu ”SthLa b HeuristicLab

* Symbolic regression and classification based
on genetic programming

e External Libraries:
— Support Vector Machines for Regression and Classification
— Linear Regression
— Linear Discriminate Analysis
— K-Means clustering
— Random Forests for Regression and Classification
— Neural Networks



Case Studies

HeuristicLab
* Demonstration 2 :
— problem configuration 1‘[ \' | } |
* data import DH.! ,'\L ||Uf..“l :,,u’lhHJL,;M',{N,}HL ﬂ:j
ity il il | I
* target variable _1 | -\ﬂﬁ.mﬁ*{ﬂ“nlf l|‘”\”ﬂ|1m*1‘
* input variables ) :
* data partitions (training and test) : - 20
— analysis of results oo et
* accuracy metrics 3165
* visualization of model output el

IMMM 2011 http://dev.heuristiclab.com 61



Case Study: Regression

HeuristicLab

* Poly-10 benchmark problem dataset
— 10 input variables x; ... X,

— non-linear modeling approach necessary
— frequently used in GP literature

— download
http://dev.heuristiclab.com/AdditionalMaterial#IMMM2011



http://dev.heuristiclab.com/AdditionalMaterial

Linear Regression

* Create new algorithm

IMMM 2011

4, Evolution Strategy - Gri
4, Genetic Algorithm - TS
4, Genetic Algorithm - VI
4, Genetic Programming
4, Genetic Programming -
%, Genetic P

4 1

4, leland Genetic Algorithm - TSP
4, Local Search - Knapsack

ing - Symbolic R ion A standard genetic programming algorithm to solve a symbolic regression problem fower dataset)
Anisland genetic algorithm which solves the "ch130" traveling salesman problem (imported from TSPLIB)
Alocal search algorithm that solves a randomly generated Knapsack problem

-
HL HeuristicLab Optimizer 3.3.3.5837 [=][=] =
File Edit View Services Help
ml
4| .~ Start Page - X
9
=] - -
2| HeuristicLab 37
1 g
| =] Follow these steps to sff "= ft=m -
i @ anéllgo ] Name: Version Description
o click IJ[Neu _—— e ]
#, Smulated Annealing 3335805 A simulated annealing algorithm.
2. Open a problem %, Tabu Search 3335809 Atabu search algorithm.
* inthe Problei #, User-Defined Algorithm 3335899 An algorithm which can be defined by the user. afile
3. Setparameters %, Variable Neighborhood Search 3335830 A vanable neighborhood search algorithm. |
« setproblem Data Analysis =
» setalgorithm #, Cross Validation 3.4.05914 Cross Validation wrapper for data analysis algorithms.
4. Run the algorith % k-Means. . . 3405914 The k-ru'!ear?s.dusteﬁng a!gorithn'f. . .
o dlickp (Star/q 4, Linear Discriminant Analysis 34055914 Linear discriminant analysis classification algarithm. still have to be set)
« waltforthe al [ A Linear Regression 3405914 Linear regression data analysis algaorithm.
, Support Vector Classification 34055914 Support vector machine classification data analysis alg
5. Check results 4, Support Vector Regression 3405914 Support vector machine regression data analysis algori L4
+ checkthe res Problems
e clicklk (Startl | |
e Artificial Ant Problem 3405869 Represents the Arificial Art problem.
Looking for predefined 2 Classffication Problem 3405914 A general classification problem.
e checkoutthe sal Clustering Problem 34.0.5914 A general clustering problem. x
Samples Extemnal Evaluation Problem 3335805 A problem that is evaluated in a different process.
N Knapsack Problem 3335809 Represents a Knapsack problem.
ame OneMax Problem 3335809 Represerts a OneMax Problem.

m

Show Start Page on Startup
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Import Data from CSV-File

HL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

4| [41] [3)] %] [ (s

NEd
I Start Page)/Linear Regression ] - X
(]
= Name: Linear Regression ON-==]
(=]
é Problem | Parameters | Resuls | Runs |
Name: Regression Problem i '—ﬁ
[ Import from CSV file ]
Farameters

0[3 ProblemData: RegressionProblemData

(p] (] (=] @]

Execution Time:  00:00:00

IMMM 2011

http://dev.heuristiclab.com 64



Inspect and Configure Dataset HL

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = |= g

File Edit View Services Help

DE -

I Start Page)/Linear Regression ] - X
L]

= Name: Linear Regression @ =
(=]

i Problem |F‘a|arnetars|ﬂamlts|ﬂ1.ns |

Name: Regression Problem (i -ﬁ
[ Import from CSV file |

Parameters

+ 1 ) X &

Detail
ﬁ: ProblemData: Data imported from muttivariate g =
Name: ProblemData ON=_
Data Type:  |RegressionProblemData (RegressionProblemData)
Value
Show in Fun:
MName: Data imported from multivariate poly-10.cav 0] Lﬂ
Parameters
+) 00 60 ) @
Details
@4 Datasst -
%2 InputVariables: ReadOnlyCheckedhembist<Gtr| ~ 12Me: Dataset ® =5
@ TargetVariable: x1 Data Type: Dataset
<, TestPartition: Start: 250, End: 500 Vi
Q)TminingF‘artition: Start: 0. End: 250 alue
#| | A ShowinRun:
Rows: 500 ._%

Execution Time:  00:00:00
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Inspect Imported Data

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837

Eile Edit View Services Help

NE -

Name: ProblemCiata

[ preoqdip E |

Value

Show in Run:

Parameters

Details

Start Page ]/Lineal Reglmion/VProblemData] - X
® =&
Data Type: |RegressionProblemData (RegressionFProblemData)
Name: Data imported from multivaniate poly-10.cav (D ..ﬂ

B¥bles: ReadOnlyCheckedhemList<Str| i MName: Datasst

] TargetVariable: fix) Data Type: Dataset

4%, TestPartition: Start: 250, End: 500
4, TrainingPartition: Start; 0, End: 250 e

/5| Showin Run:

x1 x2 x3
0.26... .

0441053

0.04...

0.83...

0.89.. |034.

0.00... |050..

nR7

IMMM 2011
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Set Target Variable

”
HL HeuristicLab Cptimizer 3.3.3.5837 == lg

Eile Edit View Services Help

HeuristicLab

="
I Start Page ]/Lineal Reglmion/VProblemData] - X
o
‘;. Name: ProblemData 0] ,_g
(=]
E Data Type:  |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

MName: Data imported from multivaniate poly-10.cav (D n.ﬁ

Parameters

(+) (&) [&d) (%) &

O[g Dataset
P _

@ TargetVariable: fix)

— P, End: 500
4, TrainingPartition: Start; 0, End: 250

OrlyCheckedhemlist<Str| ~ MName: TargetVariable ON=!

StringWValue

E

x7

x8

x93

x10
fip)+N(0.0.05)
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Select Input Variables

”
HL HeuristicLab Cptimizer 3.3.3.5837 == lg

File Edit View Services Help

HeuristicLab

="
I Start Page ]/Lineal Reglmion/VProblemData] - X
o
‘;. Name: ProblemData 0] ,_g
(=]

E Data Type:  |RegressionProblemData (RegressionProblemData)

Value
Show in Run:
MName: Data imported from multivaniate poly-10.cav (D n.ﬁ
Parameters
+) 6 @
Details
O[g Dataset -
L% InputVariables: ReadOnlyCheckeditemList<St Name: InputVariables @ =
%E:S‘ﬁﬁabl?ﬁ}m - Dsta Type:  ReadOnlyCheckedhemList<StringValue>
L= armon: otar: . B
4, TrainingPartition: Start; 0, End: 250 \aEue -
|£| |£| Show in Run:

ltems -35

Details

¥ @«
¥ w2
¥ @3
V] @ x4
¥ @x5
¥ @x6
M @x7
OxB
¥ @«

@ x10
O @ ke
O @ FxpN(D.0.05)
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Configure Training and Test Partitions HL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837

Eile Edit View Services Help

e H
Start Page ]/Lineal Reglmion/VProblemData] - X

Name: ProblemData

Data Type: |RegressionProblemData (RegressionFProblemData)

[ preoqdip E |

Value

Show in Run:
® =

MName: Data imported from multivaniate poly-10.cav

Parameters
+ 6 @) % &
Details
O[g Dataset — —
%% InputVariables: ReadOnlyCheckedhemList<Sty  MName: TrainingParittion @® ==
@ TargetVariable: fx) Data Type:  IntRange

4%, TestPartition: Start: 250, End: 500 Vi

alue

A TrainingPartition: Start: 0, End: 250

69

http://dev.heuristiclab.com

IMMM 2011



Run Linear Regression

”
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = |= u

Eile Edit View Services Help

HeuristicLab

N d
I Start Page)/Linear Regression ] - X
(]
= Name: Linear Regression ON-==]
(=]

Z|| [ Problem |Paremeters | Resuks | Runs |

Name: Regression Problem @® ‘%
[ Import from CSV file |

Parameters
(] (21] 2] %]

ﬁ: ProblemData: Data imported from muttivariate ¢

Details

Name: ProblemData ON=_

Data Type:  |RegressionProblemData (RegressionProblemData)

Value

Showsin Run:

MName: Data imported from multivariate poly-10.cav Q) .ﬂ
Parameters

(#] b3

4 Datasst

Otg InputWVariables: ReadOnlyCheckedtemList<Str
@ TargetVariable: fix)

Q)TestF‘arti‘tion: Start: 250, End: 500
Q)TminingF‘artition: Start: 0. End: 250

Execution Time: |[EEKEIREY
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Inspect Results

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

IMMM 2011

Je Linear regression solution: SymbolicRegressior
# Root mean square emor: 0.632214738638338)
i Estimated root mean square emor {cross-validal

Regression Solution

.'u“-‘;«; —

# Pverage relative emor ftest): 2519.5707855105 %

@ Pverage relative emor fraining): 1632 67737047602 %
@ Mean squared emor ftest): 0.36478928016430895

@ Mean squared emor ftraining): 0.3996354 7581476439
< Model: SymbolicRegressionMode!

# ModelDepth: 4

# ModelLength: 14

# Pearson’s R2 ftest): 0.0088302487307643576

# Pearson’s R2 firaining): 0.0529955738364517
0[3 ProblemData: Data imported from muttivarate poly-10.cev
ﬁ RegressionSolution ScatterPlot

@ RegressionSolution LineChart

@ RegressionSolution EstimatedValues

Eile Edit View Services Help
DE -
I Start Page)/Linear Regression ] - X
L]
=
o
(=]
o
o

Execution Time:  00:00:00.0570033
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Inspect Scatterplot of Predicted and Target HL
Va I Ues HeuristicLab

”
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
Eile Edit View Services Help
DE -
I Start Page)/Linear Regression ] - X
o
= Name: Linear Regression @ =
(=]
o
= | [ Problem | Parameters | Results |Runs |
Results
Dl kal=
e ion solution: SymboicRegressiorl] -
near regression solution: Sym mc c re551 Regression Solution =
i Estimated root mean square emor {cross-validal ar A
Details
@ Pverage relative emor ftest): 2519.5707855105
] Awverage relative emor fraining): 1632 67737047 PATI
» Al samples + Test samples
@ Mean squared emor ftest): 0.3647839280164308 Training samples
@ Mean squared emor firaining): 0.399695475814
Je Model: SymbolicRegressionModel 3.165
# ModelDepth: 4
# ModelLength: 14
# Pearson’s R® fest): 0.0088302487307643576 2.1452
# Pearson’s R2 firaining): 0.0529955738364517 " 1
0[3 ProblemData: Data imported from muttivariate po z 11254 . ;,
"'l RegressionSolution ScatterPlot g ’
@HegressionSolution LineChart =
@RegressicnSolution EstimatedValues g 0.1056
l_
-
-0.9142
Qg¢
p
-1.834
-1.934 0.1056 2.1452
08142 1.1254 3.165
Estimated Values
Il m 3
R T — r
P [(u] [(m] (@) Execution Time: 00:0000.0570033
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Inspect Linechart

IMMM 2011

”
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

DE -
I Start Page)/Linear Regression ] - X
]
= Name: Linear Regression @ =
(=]

i |Problem|Parameters|Pt95U“5|HLns|

Results

BRI

i Estimated root mean square emor {cross-validal

Details
Regression Solution

+) ) ) ) B

@ Pverage relative emor ftest): 2519.5707855105
@ Pverage relative emor fraining): 1632 67737047
@ Mean squared emor ftest): 0.3647839280164308
@ Mean squared emor firaining): 0.399695475814
Jfe Mode!: SymbolicRegressionModel
# ModelDepth: 4
# ModelLength: 14
# Pearson’s R2 ftest): 0.0088302487307643576
# Pearson’s R2 firaining): 0.0529955738364517
0[3 ProblemData: Data imported from muttivariate po
[ﬁ RegressionSolution ScatterPlot
II'| RegressionSolution LineChart
@ RegressionSolution EstimatedValues

4 LI L

Details

— flx)

[=]

" —
-

 —

SymboelicRegressionSolution

=0
g
=

T est

200 400

Execution Time:  00:00:00.0570033
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Inspect Graphical Representation of Model HL

HeuristicLab
-
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsave d] == g
File Edit View Services Help
NE -
I Start Page }/Line,al Reglﬁsion)/Model ] - X
=
S| meme R ® =
(=
E Data Type:  SymbolicRegressionModel

Value
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Nonlinear Regression Methods

HeuristicLab

* Random Forests Regression

— Learns multiple models on different sample
subsets

* Support Vector Regression
— Maps data to higher dimensional space
— Calculates linear model
— Transfers the data back to the input space



Symbolic Regression with HeuristicLab

HeuristicLab

* Linear regression produced an inaccurate model.
* Nonlinear methods produces overfit models

* Next: produce a nonlinear symbolic regression model using genetic
programming

* Genetic programming
— evolve variable-length models
— model representation: symbolic expression tree
— structure and model parameters are evolved side-by-side
— white-box models ‘



Genetic Programming Life Cycle

HeuristicLab

Population of
Models

New generation

Child
selection

.': Calculation of @ @ ° 9

' correlation

| o @
| ‘ '
I
i
\
/
7/

\ Optional . Generation of
\ @ omPle selection o o new models i
,,,,,,,,,,,,,, "‘*—-—‘____ﬁ__kﬁ___i__(___—-—-—"’/”/
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Generating new Models

5.0

X, (t-1)

Xo(t-2)

X;(t-2)

Xo(t-2)

X, (1)

X3(t2) || Xo(t-2)

HeuristicLab



Mutating models

X (t-1)

X (t-1)

X, (t-2)

N

X, (t-2)

X (t-1)

X, (t-2)

HeuristicLab



Symbolic Regression with
H eu riSthLa b HeuristicLab

* Demonstration
— problem configuration
— function set and terminal set
— model size constraints
— evaluation

e Algorithm configuration
— Selection
— mutation

e Analysis of results
— model accuracy
— model structure and parameters




Create New Genetic

IMMM 2011

HL HeuristicLab Optimizer 3.3.3.5837 | = | = 8|
File Edit VMiew Services Help
1
ra |
- Start Page - X

HeuristicLab

Follow these stepsto s

[ preoqdip &

Mew Item

1. Open an algori

2. Open a problem
« inthe Problen

3. Setparameters
& setproblemp
» setalgorithm

4, Run the algorith
. clickb[stami
& wait for the al

5. Check results
e checkthere
. clickb[stan;I

Looking for predefined 2
& check outthe san

Samples

Name

4, Evolution Strategy - Gri

Name

Algorithms

(] gormthm

4, leland Offepring Selection Genetic Algorithm 3335809

#, Local Search 3335809 Alocal search algorithm.

& NSGA 3.3.3.5809 The Nondominated Sorting Genetic Algorithm 1| was int
. Dffspring Selection Genetic Algorithm 3335809 An offspring selection genetic algorithm (Affenzeller, M.—
%%, Particle Swarm Optimization 3335541 Apaticle swarm optimization algorthm based on the de

Version

#, Genetic Mgorithm 3.3.3.5809 A genetic algorithm.

oL

&, SASEGASA 3335805 The self-adaptive segregative genetic algorithm with sir
#, Simulated Annealing 3335809 Asimulated annealing algorithm.
, Tabu Search 3335809 Atabu search algorithm.
4, User-Defined Algorithm 3335859 An algorthm which can be defined by the user.
4, Variable Neighborhood Search 3335830 Avanable neighborhood search algorithm.

Data Analysis
4, Cross Validation 3405914 Cross Validation wrapper for data analysis algorithms.
4, k-Means 34055914 The k-Means clustering algorithm.
4, Linear Discriminant Analysis 3405514  Linear discriminant analysis classification algorithm.
FAline SOression 020 = ~
4 1 b

Description

m

1sland Qeneuc algonthim.
An island offspring selection genetic algorithm.

afile

still have to be set)

m

4%, Genetic Algorithm - TS
4%, Genetic Algorithm - VR
4, Genetic Programming -

4, Genetic Programming -

4, Genetic Programming - Symbolic Regression
#, lsland Genetic Algorithm - TSP
4, Local Search - Knapsack

A standard genetic programming algorithm to solve a symbolic regression problem fower dataset)
An island genetic algorithm which solves the "ch130" traveling salesman problem {mported from TSPLIB)
A local search algorithm that solves a randomly generated Knapsack problem

m

Show Start Page on Startup
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Create New Symbolic Regression Problem HL

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

(=[=] = ]

Eile  Edit View Services Help
0 d |
1| Start Page )} Genetic Algorithm | - X
fa]
'g Name: Genetic Algorthm < .|-ct Broblem 1 =2
i Problem | Parameters
— Available Problems

Q,
{3} HeuristicLab Optimization 3.3
- {} HeuristicLab Problems ArificialAnt 3.4

n P=TRTate: ot Problomo [oio Ao mic i

¥ HeuristicLab. Problems. Datafnalysis. Symbolic. Regression 3.4
ymbolic Regression Problem (single objective)

i-{} HeuristicLab.Problems Knapsack 3.3

#-{} HeuristicLab.Problems OneMax 3.3

-4} HeuristicLab Problems QuadraticAssignment 3.3
-£} HeuristicLab Problems TestFunctions 3.3

-4} HeuristicLab. Problems. TravelingSalesman 3.3
1§} HeuristicLab Problems VehicleRouting 3.2

IMMM 2011
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Import Data

”
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = |= u

Eile Edit View Services Help

HeuristicLab

NE A
11|~ StartPage ) Genetic Algorithm | - X
]
% Name: Genetic Algorithm @ %
| 2] | Problem |Perameters | Resus | Runs | Operator Graph | Engine |

Imiport fram CSV file

Ers

(] ]
# BestKnownQuality: 0

“ Evaluator: Pearson R2 Evaluator

Q) FitnessCalculationPartition: Start: 0, End: 250
# MaximumSymbolicExpression TreeDepth: 8

@ MaximumSymbolicExpression TreeLength: 25
6}[3 ProblemData: Data imported from multivanate ¢
@ RelativeNumberOf EvaluatedSamples: 100 %
O@ Symbolic Expression TreeGrammar: TypeCohere
Q)ValidationPartiticn: Start: 0. End: 0

Details

Execution Time:  00:00:00
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Inspect Data and Con

IMMM 2011

figure Dataset

o
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

BE

Eile Edit VMiew Services Help

NEH
1| Start Page )} Genetic Algorithm | - X
L]
'E.' Name: Genetic Algorithm ="
i Pmb|em|F'a|ameters|RM5|H1ms IDpelatorGlaphlEngmel

[

MName: Symbolic Regression Problem (single objective) (i ..%
Import from CSV file |
Parameters
S
Details
# BestKnownQuality: 0
‘@ Evaluator: Pearson R2 Evaluator Name: ProblemData @® =
@, FitnessCalculation Parttion: Start: 0, End: 250 Data Typs:  |RegressionProblemData (RegressionProblemData)
@ Maimum SymbolicExpression TreeDepth: 8 val
alue

@ Maimum SymbolicExpression TreeLength: 25
ﬁ‘ ProblemData: Data imported from muttivaniate g
@ RelativeNumberOf Evaluated Samples: 100 %
&[3 SymbolicExpression TreeGrammar: TypeCoherg

Q}‘u’alidaﬂonParﬁtion: Start: 0, End: 0

MName:

Parameters

_-L;

Data imported from multivanate poly-10.cav

8@

0[3 Dataset
0[3 InputVai

@ TargetVariable: x1
<, TestPartition: Start: 250, End: 500
4, TrainingPartition: Start: 0, End: 250

riables: ReadOnlyCheckedttemList<Str

Execution Time:  00:00:00

http://dev.heuristiclab.com
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Set Target and Input Varia

bles HL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837

File Edit

NE d

View  Services Help

Start Page ]/Genetichlgori'thm}’ProblemData ]

Name: ProblemDiata

[ preoqdip E |

Data Type: |RegressionProblemData (RegressionFProblemData)

Value

Show in Run:

Name: Data imported from multivaniate poly-10.cav

Parameters

+ 1) &4 (%] @&

O[g Dataset

A6 InputViariables: ReadOnlyCheckedktemlist<St
@ TargetVariable: fi)

Q)Testpartition: Start: 250, End: 500

4, TrainingPartition: Start; 0, End: 250

Details

MName: InputVariables

Data Type: ReadOnlyCheckedhtemList<StingValues>
Value

Ve

7. | Showin Run:

@ x10
O @ ke
O @ FxpN(D.0.05)

® =

® =

IMMM 2011 http://dev.heuristiclab.com
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Configure Maximal Model Depth and HL
Le n gt h HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

="
I Start Page)/GeneﬁcAIgorilhm l - X
o
T Name: Genetic Algorithm ® =
(=]
=
= PFOb|em|Pa|arneters|Reaults|HLm |Dpe|atorG|aph|Eng|ne|
ok Symbolic Regression Problem (single objective) k!) ‘-ﬂ
[ Import from CSV file |
Parameters
+) 0 0 ) &
Details
# BestKnownQuality: 0 - - - ;
‘& Evaluator: Pearson R? Evaluator Name: Mavdmum Symbolic Expression TreeLength o %
< Fiasss i it * Data Type:  IntValue

Value

# Maximum SymbolicExpression TreeDepth: 10
@ MaximumSymbolicExpression TreeLength: 100

# RelativeNumberCfEvaluatedSamples: 100 %
0[3 Symbolic Bxpression TreeGrammar: TypeCohere
Q)'u’alidationpartiticn: Start: 0, End: 0

Execution Time:  00:00:00
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Configure Function Set (Grammar) HL

HeuristicLab

=
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = |= g

Eile Edit View Services Help

NS H
11|~ StartPage ) Genetic Algorithm | - X
]
% Name: Genetic Algorithm (i ..%
| 2 | Problem |Parameters | Resuits | uns | Operator Graph | Engine |

MName: Symbolic Regression Problem (single objective) (i ._%

[ Impert from CSV file |

Parameters

STEL
# BestKnownQuality: 0 - - .
‘& Evaluator: Pearson R Evaluator Name: Symbolic Expression TreeGrammar ® B

%, FitnessCalculationParttion: Start: 0. End: 250 Data Type:  1Symbolic DatafnalysisGrammar (TypeCoherert ExpressionGrammar)

# MaximumSymbolicExpression Tree Depth: 10

# MaximumSymbolicExpression TreeLength: 100
¢ ProblemData: Data imported from muttivariate ¢ Show in Run:
@ RelativeNumberOf EvaluatedSamples: 100 % -
‘I:S Symbolic Expression TreeGrammar: TypeCoherg MName: TypeCoherent ExpressionGrammar

Q)Validation Partition: Start: 0, End: 0

Details

Value

ttems

+| (] 8] X =

0[3 Addition

0[3 Subtraction
O[% Multiplication
O[S Division

] <>[3 Average

[l 6}[3 Sine

] 0[3 Cosine

n (=] (@) Execution Time: 00.00:00
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Configure Function Set (Grammar) HL

-

HL HeuristicLab Cptimizer 3.3.3.5837

Eile Edit View Services Help

NE d

[ preoqdip E |

Value

Show in Run:

Name: TypeCoherent ExpressionGrammar

7 Aditon |
0[3 Subtraction
Cﬁ Muttiplication
0[3 Division

D <}[3 Average
O <>[3 Sine

O O[g Cosine

O 0[3 Tangert
[ 0[3 Logarithm
O <>E$ Power

[T Root

O <}[3 Exponential
] <>[3 fThenBlse
O O[g (GreaterThan
O <}[3 LezsThan
O And
CO4or

[T 44 Not

O 0[3 Timelag
O <}[3 Integral

O O[g Derivative
“t4 Constant

Start Page ]/ Genetic Algorithm /J/Sym bolicExpressionTreeGram... ]

Name: SymbolicExpression TreeGrammar
Data Type:  |SymbolicDataAnalysisGrammar (TypeCoherent ExpressionGrammar)

Name: Addition

Initial frequency: 1

IMMM 2011
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Configure Algorithm Parameters HL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

“ Anatyzer: MuttiAnalyzer

“4 Crossover: SubtreeCrossover
¥ Eites: 1

@ MaimumGenerations: 1000
[ 4 MutationProbability: 15 %

4 Mutator: null

@ PopulationSize: 1000

# Seed: 1128385197

“4 Selector: Proportional Selector
¥ SetSeedRandomly: True

Details

Hame: Mutation Probability

OE=]

Data Type: PercentValue

Value
Show in Run:
Walue: 15%

NS H
11|~ StartPage ) Genetic Algorithm | - X
]
=
o
5
=

Execution Time:  00:00:00

IMMM 2011
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Configure Mutation Operator HL

HeuristicLab

=
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = |= g

Eile Edit View Services Help

NS H
11|~ StartPage ) Genetic Algorithm | - X
]
= Name: Genetic Algorithm @ =
(=]
é [ Problem | Paremeters | Resuts | Runs | Opertor Graph | Engine |
Parameters

Details
“ Analyzer: MuttiAnatyzer )
“@ Crossover: SubtreeCrossover Name: LiEE D=
Elites: 1 Data Type:  IManipulator
. " oo

% MutationProbability: 15 %
=& Mutator: null

how in Fun:
# Seed: 1128385197 ﬁgﬂmmgggg
“4 Selector: Proportional Selector ArgumentDuplicater

¥ SetSeedRandomly: True ChangeMNode Type Manipulation

Full Tree Shaker

MultiSymbolic Expression Tree Architecture Manipulator
Multi Symbaolic Expression TreeManipulat or

OnePoint Shaker

Replace BranchManipulation

SubroutineCreater

Subroutine Deleter

Subroutine Duplicater

n (=] (@) Execution Time: 00.00:00

IMMM 2011 http://dev.heuristiclab.com 90



Configure Selection Operator

IMMM 2011

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Parameters

“ Analyzer: MuttiAnatyzer

“@ Crossover: SubtreeCrossover
¥ Eites: 1

@ MaimumGenerations: 1000
% MutationProbability: 15 %

4 Mutator: null

# PopulationSize: 1000
2y . o

Eile Edit View Services Help

NEd
11|~ StartPage ) Genetic Algorithm | - X
[l
% Name: Genetic Algorithm (i ..%
Z|| [Problem| Parameters | Resuts | Runs | Operstor Graph | Engine

Details
Name: Selector ON=!
Data Type:  |Selector (Proportional Selector)

Selector bhow in Run:
BestSelector P
GenderSpecificSelection @ ‘-ﬁ

LinearRank Selector
NoSameMatesSelector

Proportional Selector
Random Selector

Toumament Selector

WaorstSelector

% Maximization
@ MNumberOfSelectedSubScopes: 1998
@ Windowing: True

Execution Time:  00:00:00

http://dev.heuristiclab.com
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Configure Tournament Group Size HL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

NE
11|~ StartPage ) Genetic Algorithm | - X
[a}
= Name: Genetic Algorithm ON-==]
(=]
2| [ Problem | Parmeters |Resuts | Runs | Operstor Graph | Engine |
Parameters
ST
Details
“ Analyzer: MuttiAnatyzer .
“@ Crossover: SubtreeCrossover Name: Seec ® =3
@ Eltes: 1 Data Type:  |Selector (Toumament Selector)

@ MaimumGenerations: 1000
% MutationProbability: 15 %
i Mutator: MuttiSymbolic Expression Tree Manipul:
2 g:zi?g?;:ﬁ?m Name: Toumament Selector
=@ Selector: ToumamentSelector Breakpoint: []

¥ SetSeedRandomly: True Parameters

SE
# CopySelected: True ———
‘ MName: Group Size (i) ._%
¢ Madmization Actusl Mame:  GroupSize

@ MNumberOfSelectedSubScopes: 1998

:

Details

IntValue

-

< | 11 3

Execution Time:  00:00:00
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Start Algorithm an

IMMM 2011

d Inspect Results

-
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Results

+ & &) (%) =

File Edit View Services Help

N d
/| StartPage " Genetic Algorithm | v X
o
= Name: Genetic Algorthm (i ..ﬁ
(=]

a Problem | Parameters | Results Operator Graph | Engir1e|

¥ EvaluatedSolutions: 2398

¥ Generations: 2

| Symbal frequencies: Symbol frequencies
|| Variable frequencies: Variable frequencies
%Variable impacts: [[0.111346658657386][0.11(
|~ Symbolic expression tree length: Values
Je Best training solution: SymbolicRegressionSalu

# Best training solution quality: 0.439120064457)
@ CumentBestQuality: 0.43912006445703716
@ CumentAverageQuality: 0.0401372471497722
@ CumentWorstQuality: 0

¥ BestQuality: 0.43912006445703716
¥ BestKnownQuality: 0

@ AbsoluteDifferenceBestKnown ToBest: 0.43971]
¥ Relative DifferenceBestKnown ToBest: NaN
A Qualities: Qualities

Execution Time: 00:00:11.8136757
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Inspect Quality Chart

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit

NE -

View  Services Help

Start Page )" Genetic Algorithm |

Name: Genetic Algorithm

| Problem | Parameters | Results | Runs | Operator Graph | Engine |

[ preoqdip E |

Results

'LF;\_

# EvaluatedSolutions: 12988

Details

¥ Generations: 12 Mame:

Qualities

OE=]

|+ Symbal frequencies: Symbaol frequencies
|+ Variable frequencies: Variable frequencies
% Wariable impacts: [[0.165007866176351][0.15
|| Symbolic expression tree length: Values
Je Best training solution: SymbolicRegressionSolu
# Best training solution quality: 0.643049236747|
¥ CurentBestQuality: 0.64304923674723369
¥ CumentAverageQuality: 0.3218417543298288)
@ CumentWorstQuality: 0
¥ BestQuality: D.64304923674723369
¥ BestKnownQuality: 0
@ AbsoluteDifferenceBestKnown ToBest: 0.6430
# RelativeDifferenceBest Known ToBest: NaN

[ Qualities: Qualities

087

061

04+

0.2+

Qualities

CurrentBestQuality BestKnownQuality

CurrentfverageQuality

— CurrentWorstQuality —— BestQuality

mnmon 12013

Execution Time: 00:00:34 4145684
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Inspect Best Model on Training Partition

=
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (e
Eile Edit View Services Help
e H
11|~ StartPage ) Genetic Algorithm | - X
o
= Name: Genetic Algorithm (i |_El|__§|
(=]
&
=4 | Problem I F‘alamatars| Results |Hun5 |Opelator Graph | Engine|

Results

+) &f) &Y [x

# EvaluatedSolutions: 28972

¥ Generations: 28
|+ Symbal frequencies: Symbaol frequencies
|+ Variable frequencies: Variable frequencies
% Wariable impacts: [[0.190574222614558][0.17

= L.

i Best training solution: SymbolicRegressionSolu

o CumentAverageQuality: 0.3973517188219498
@ CumrentWorstQuality: 0

 BestQuality: 0.6649232393808952

¢ BestKnownQuality: 0

# AbsoluteDifferenceBestKnown ToBest: 0.6649]
# RelativeDifferenceBest Known ToBest: NaN
4] Qualities: Qualities

Regression Solution

@ Bverage relative smor ftest): 354.48934152378¢
# Average relative emor fraining): 336.30611600¢
# Mean squared emor ftest): 0.164930313235415)
# Mean squared emor fraining): 0141423207746
< Model: SymbolicRegressionMode!
# ModelDepth: 13
# ModelLength: 71
@ Pearson’s B2 ftest): 0.50093645005906758
@ Pearson’s R ftraining): 0.66492389330895156
0[3 ProblemData: Data imported from muttivariate po
[ﬁ RegressionSolution ScatterPlot
@ RegressionSolution LineChart
@ RegressionSolution EstimatedValues

Details

Target Values

» Al samples .
Training samples

3.165

2.1452

1.1254

0.1056

-0.9142

-1.934

Test samples

-1.4834

0.1058 2.1452
08142 1.1254

Estimated Values

3.165

Execution Time: 00:01:17 4564302
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Inspect Linechart of Best Model on Training HL
Partition

Heurlstchab

IMMM 2011 http://dev.heuristiclab.com 96



Inspect Structure of Best Model on Training HL
Pa rt|t|0 N HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help
NE -
Start Page ]/Genetichlgori‘thm}’Modell - X

Name: Model
Data Type: SymbolicRegressionModel

[ preoqdip E |

Value

IMMM 2011 http://dev.heuristiclab.com 97



Model Simplification and Export

HeuristicLab

e Demonstration
— automatic simplification

— visualization of node impacts

— manual simplification
* online update of results

— model export
* MATLAB
. LaTeX ; 4 z3(t) - e7 + 1 ! 10 z4(t) - 23(t) - <"1-N"”" +c15z5(t) + m_:ﬂ[{) 13 19 1

IMMM 2011 http://dev.heuristiclab.com 98



Detailed Model Analysis and

Simplification

IMMM 2011

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Results

¢ ) &Y (X

# EvaluatedSolutions: 23971

¥ Generations: 29
|+] Symboal frequencies: Symbol frequencies
] Variable frequencies: Variable frequencies

|+ Symbolic expression tree length: Values

Jfe Best training solution: SymbolicRegressionSolu
 Best training solution quality: 0.663242537514
# CumentBestQuality: 0.6632425375144686

W CumentAverageQuality: 0.3397092569770033
@ CumentWorstQuality: 0

@ BestQuality: 0.6632425375144636

@ BestKnownQuality: 0

¥ AbscluteDifferenceBestKnownToBest: 0.6632|
# RelativeDifferenceBest Known ToBest: NaN
A Qualiies: Qualities

Details
Regression Solution

¢ ) &) ) (&

¢ Bverage relative emor ftest): 425.61832263187
@ Bverage relative smor ftraining): 274.102484382
# Mean squared emor test): 0.168023134875681
# Mean squared emor fraining): 0.142132845933
Jfee Mode!: SymbolicRegressionModel
# ModelDepth: 11
# ModelLength: 49
¢ Pearson’s B2 {test): 0.45039842084720731
@ Pearson’s R ftraining): 0.663242537514465971
0[3 ProblemData: Data imported from muttivariate po
ﬁ RearessionSolution ScatterPlot
ﬁ RegressionSolution LineChart
@ RegressionSolution EstimatedValues

4 L} 2

Details

Target Values

Eile Edit View Services Help

NEH
1|~ Start Page ) Genetic Algorithm | - X
[
E Name: Genetic Algorithm (i |_=l\__§|
(=]

Eci_ | Problem | F‘alametars| Results |Hun5 |Opelator Graph | Engine|

= Al samples .
Training samples

3.165

2.1452

1.1254

0.1056

-0.9142

-1.934

-1.4834

0.1058 2.1452
08142 1.1254

Estimated Values

3.165

Execution Time:  00:01:00.4074551
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ymbolic Simplification and Node

Impacts

HeuristicLab

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

hDEd

Start Page ]/ Genetic Algorithm /J/Interactive Regression Solutio...

Simplify

pleagdin

Subtraction

Addition

Addition ubtrac) Subtract!

tion ion

| |67 74| (19] 17
43 3IE||0E||3E

E- S | EXOR]

MIultipli
cation

Tultipli’
cation

7| [38
7E

4

5]
60
ZE
I

-

Addition
Node impact: -0.00166473209841678
Replacement value: 26.3974611821139

[ Simplify

Details
Regression Solution

¥ Average relative emor ftest): 473 618715910248 %
@ Average relative emor fraining): 245 090731502651 °
@ Mean squared emor ftest): 0.163506091453717

¥ Mean squared emor ftraining): 0.1415659313306665
S Model: SymbolicRegressionModel

# ModelDepth: 12

# ModelLength: 53

W Pearson’s R?ftest): 0.50347666984730766

W Pearson’s R?ftraining): 0.66453559454272514
<}[3 ProblemData: Data imparted from multivariate pohy-10
@ RegressionSolution ScatterPlot
@ RegressionSolution LineChart

ﬂ RegressionSolution EstimatedValues

IMMM 2011
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Manual Simplification

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile  Edit

DEd

View Services Help

Start Page ]/ Genetic Algorithm /J/Interactive Regression Solutio...

Simplify

[ preoqdin E |

Jultiplicati (Alultiplicati
on on

6

Jultiplicati

n

Details
Regression Solution |_=-Ié

¢) @ 60 ) &

W Average relative emor ftest): 497 347029771583 % -
@ Average relative emor fraining): 210.827113981827 ¢
]

¥ Mean squared emor ftest): 0.16222671796286908

¥ Mean squared emor ftraining): 0.1407763050506841°
S Model: SymbolicRegressionModel

# ModelDepth: 11

# ModelLength: 41

# Pearson’s R? test): 0.50720401737421239

W Pearson’s R? ftraining): 0.66645660997240819
<}[3 ProblemData: Data imparted from multivariate pohy-10
H RegressionSolution ScatterPlot
@ RegressionSolution LineChart
@ RegressionSolution EstimatedValues

=]

double4click nodes

[ Simplify

] 4 mn k

IMMM 2011
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HeuristicLab

101



Automatic Symbolic Simplification HL

IMMM 2011

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help
HE -
I Start Page ]/ Genetic Algorithm /J/Interactive Regression Solutio... - X
% Simplify Details
gd- Regression Solution ‘—Ej

Multiplication) |Multiplication,
1 5.6 5.6([27
H )
E+ EQ EQ||E

n

[F-
1.70[|38E
GIE(| -
=00 ][003

¥ Average relative emor ftest): 497 347029771588 % -
@ Average relative emor fraining): 210.827113981827 ¢
¥ Mean squared emor ftest): 0.16222671796286908
¥ Mean squared emor ftraining): 0.1407763050506841°
S Model: SymbolicRegressionModel
# ModelDepth: 10
# ModelLength: 34
# Pearson’s R? test): 0.50720401737421206
W Pearson’s R?ftraining): 0.66645660997240852
<}[3 ProblemData: Data imparted from multivariate pohy-10
H RegressionSolution ScatterPlot
@ RegressionSolution LineChart
@ RegressionSolution EstimatedValues

http://dev.heuristiclab.com

HeuristicLab

102



Textual Representations Are Also
Ava i | a b I e HeuristicLab

e Use ViewHost to switch to textual representation view.
f HeuristicLab Optimizer 3.3.3.5837 [Unsaved] == &1

File Edit View Services Help
DEH
Start Page ]/Linear Regression/]/ModeI]

2| Mame: [odel]
o
= Data Type: SymbolicRegressionModel

Value

Namedltem View

I SymbolicDataAnalysisModel TextualRepresentation

SymbolicDataAnalysisModel GraphicalRepresentation

IMMM 2011 http://dev.heuristiclab.com 103



Default Textual Representation for
MOdEl Export HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (=] B i)

File Edit View Services Help

HE -
— Start Page ]/LinearRegression/VModell - X
[

_g Name: 0] '—é
(=]

i Data Type: SymbolicRegressionModel

Value

Formatter: [Default String Formatter

{Program Root Symbol
(Start Symbol
(Addition

(8.1337E-002x1)
(1.9906E-001 2)
(-2.9881E-002x3)
(7.B892E-002 x4)
(-1.0307E-002 x5)
(3.1685E-002 x6)
(-4.7071E-0027)
(-2.9194E-002 8)
(1.5768E-003 x5)
(1.0525E-001 x10)
(2.0099E-002)
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Textual Representation for Export
to LaTeX

HL

F
Hl HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (e
Eile Edit View Services Help
NEH
I Start Page ]/Lineal Reglmion/VModel ] - X
=
‘;_ Name: Model 0] ‘-%
(=]
E Data Type:  SymbolicRegressionModel
Value
Formatter: | LaTeX String Fomatter - E
% needs ‘usepackage{amsmath} ~
“begin{align}
Result & = \eft{c_{0}x14) +c {1}x2f[}+c _ {2 x34) + o_{3) x4t) + c_{4} x54) + c_{5} x6t) + c_{B6} x7i) + c_{7) xB4t) + c_{8} ) + c_{9} x108) + c_{10} “right) \\
c_{0} & = 0.0813371220642195\\
c_{1} &=0.199055016563887"
c_{2} & =-0.0293811744629839\\
c_{3} & =0.073391233541302\\
c_{4} & =-0.0103065273366223"\
c_{5} & = 0.0316345536356095"\
c_{6} & =-0.0470707585925129"\
c_{7} & =-0.0291939124032144\\,
z—gﬁ:g-%mf“ Result = (coz1(t) + c122(t) + c2z3(t) + cazd(t) + cazb(t) + csz6(t) + cexT(t) + c7z8(t) + csz(t) + cox10(t) + c10)
C:{'ID} & = 0.0200987846253256 (1)
“end{align} - :
co = 0.0813371220642195 (2)
cy = 0.199055016563887 (3)
c2 = —0.0298811744629839 (4)
cy = 0.078891883541302 (5)
cy = —0.0103065273366223 (6)
cs = 0.0316849536396099 (7)
ce = —0.0470707585925129 (8)
cr = —0.0291939124032144 (9)
cs = 0.00157679665070775 (10)
co = 0.105250443686677 (11)
cra = 0.0200987846293256 (12)
IMMM 2011 http://dev.heuristiclab.com 105



LaTeX Export

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [E=NEE
File Edit View Services Help
MEd
E Start Page ]/Genetic Algorithm ]/lntelactive Regression Selution S.../J/Mudel ] - X
[
‘;_ Name: Model @ ‘fg
o
E Data Type: SymbolicRegressionModel
Value
Formatter: [LaTeXSihg Fomatter '] &
% needs ‘wsepackage {amsmath} -
“begin{align}
Result & = \left( c_{0} x4ft) ‘cdot c_{1}x3t) ‘cdot Meft{ c_{2} x6f) \cdot c_{3} x5f) \cdot c_{4} +c_{5}x44) \cdot c_{6} x3k) “edot c_{7} +c_{B} x4f) \cdot c_{3} x34) \cdot
c_{10} + “cfracc_{113x1¢) H \cfrac{ c_{12} x4f) “edot c_{13}x3¢) ‘cdot Neft{ c_{14} x4t} + c_{15}x54) + ‘cfrac{c_{16} H ‘cfrac{c_{17}x24)} {1} } ‘right) “cdot c_{18}
P03 ¥ +e_019) ‘rght) ‘\edot c_{20} +c_{21} “rght) \\
c_{4) & =-1.57302367616477%\
c_{7} & =-0.867137925013337\
c_{10} & = -0.867137925013337\\
c_{11} & = 1.27519978915975\\
c_{14} & = -0.017064576517855\ Result =x4(t) - 3(t) - egq (13)
c_{15} & = 0.00314376988 160885\
c_{17} & = -3.00832012161288\\ ey121(2)
iy ]ggg:gﬁg?-umgumgﬂm{\\ | 260t - 25(8) - eq + 2a(t) - @B(E) - o + @d(t) - @3(t) - e1g + = +e19 | + 21
c_{20} & = -0.204498330755843\ z4(t) - x3(t) - (cnﬂtt) + e15@5(t) + 72“)) ce1s
c_{21} & = -0.0465333907207764 U
“end{align}
| cq = —1.57302367616477 15)
cp = —0.867137925013337 (16)
c1g = —0.867137925013337 (17)
11 = 1.27519978915975 (18)
c14 = —0.017064976517855 (19)
15 = 0.00314376988160885 (20)
c17 = —3.00832012161288 (21)
c1g = 0.867137925013337 (22)
c19 = —5.45190909899249 (23)
cog = —0.204498330755849 (24)
cgq = —0.0465339907207764 (25)

IMMM 2011 http://dev.heuristiclab.com 106



Variable Relevance Analysis

HeuristicLab

 Which variables are important to predict classes correctly?

* Demonstration
— Variable frequency analyzer
— symbol frequency analyzer
— variable impacts

Variable frequencies Relative varable relevance
— 5 @ —xT —x8 K0 — x4 B —x —x —xB xd 0.302803869106054
047 P— <A 0.241170172985569
. /”’_’ —— X1 0.179112369714678
s 03] -
g // €10 |0.0589664719249172
% 024 S/ x2 0.0544635184742382
5 4 — 6 0.0446774403657897
2 TN
F e - x3 |00436011597048278
~_ ﬁ:_-_-ﬁ..g{___ S X7 0.0331173502574243
0 —
0 5 10 15 20 X3 0.0226252246461621
Generation =5 0.01946242278034
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Inspect Variable Frequency Chart HL

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = | = g

Eile  Edit VMiew Services Help
NEH
Start Page/VGenetic Algorithm ]

Name: Genetic Algorithm 1 =3

[ pieagdip |

| Problem | F'ammeters| Results |Runs |OpelatorGlaph | Engine|
Resutts

<) 0 01 <) @

# EvaluatedSolutions: 20980
@ Generations: 20 Mame:  Vanable frequencies (i ._ﬂ
|| Symbol frequencies: Symbal frequencies
Variable frequencies
%"u’ariable impacts: [[0.243445561275645][0.18(
|+ Symbolic expression tree length: Values — x5 2 —xF —x8 x10 —xd x3 —xb — 1
J Best training solution: SymbalicRegressionSolu
# Best training solution quality: 0.475447314181) 04+
# CumentBestQualty: 0.47544731418103925
@ Cument AverageQuality: 0.2394059057291435
@ CumentWaorstQuality: 0
@ BestQuality: 0.47544731418103925
¥ BestKnownQuality: 0
# Absolute DifferenceBestKnown ToBest: 0.4754
# RelativeDifference BestKnown ToBest: NaN
| Qualities: Qualities

Details

— x8

[ wd X =18, ¥ = 0.375301495417

0.34

0.24

0.1+

Relative Variable Frequency

Generation

Execution Time: 00:00:43.3314734
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Inspect Variable Impacts

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

HeuristicLab

Eile  Edit VMiew Services Help

Nz
||~ Start Page } Genetic Algorithm | - X
[}
= | MName:  Genetic Algorithm o =
| 2] [Problem | Parameters | Restits | Runs | Operator Graph | Engine|

Results

FHEE X @

Details
# EvaluatedSolutions: 43957
¥ Generations: 43 Rows: 10 =
|#7] Symbol frequencies: Symbol frequencies Columns: 1

Varable frequencies

4] Vaniable frequenci
b4 Variable imp ]

|+ Symbolic expression tree length: Values

J Best training solution: SymbalicRegressionSolu
# Best training solution quality: 0.500629316831
# CurentBestQualty: 0.50062931683180834 x1 0.179112365714678
@ Cument AverageQuality: 0. 287502782 1157774| «10 0.0589664719249172
@ CumentWaorstQuality: 0

0.241170172385563

x2 0.0544635184742382
@ BestQuality: 0.50062931683180834
# BestKnownQuality: 0 x6 0.0446774403657897
@ Absolute DifferenceBestKnown ToBest: 0.5006 o) 0.0436011557048278
# RelativeDifference BestKnown ToBest: NaN 7 0.0331173502574243
4] Qualities: Qualties
x5 0.0226252246461621

0.01346242273034

Execution Time:  00:01:30.9862041
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Inspect Symbol Frequencies HL

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = |= g

Eile Edit View Services Help

DNEH
11|~ StartPage ) Genetic Algorithm | - X
]
E Name: Genetic Algorithm (i I_%
(=]
i | Problem I F‘alamatars| Results |Hun5 |Opelator Graph | Engine|
Results
+ X
- Details
W EvaluatedSolutions: 44356
% Generations: 44 MName:  Symbol frequencies fH] ._%
|+ Variable frequencies: Variable frequencies Symbnl frequencies
% Wariable impacts: [[0.303671571064476][0.24:
|| Symbolic expression tree length: Values —— ProgramBootSymbol  —— Multiplication Addition Constant —— Subtraction
Je Best training solution: SymbolicRegressionSolu StartSymbol = Variable — Division
i Best training solution quality: 0501374825356/
# CurentBestQualty: 0.501374825356543 0357
# CumentAverageQuality: 0.3003025078371567,
W CumentWorstQuality: 0 03+
@ BestQualiy: 0.501374825356543 & [ Constant X = 21, ¥ = 0.3126176270372 |
¥ BestKnownQuality: 0 E 025+
# PbsoluteDifferenceBestknown ToBest: 0.5013 3
# RelativeDifferenceBestKnown ToBest: NaN L gz
4] Qualities: Qualities .E
& 0157
2
® 0141
e
0.05 4
0
0 10 20 30 40
« [Lm b

| (@] (@] Execution Time: 00:01:33.5963534
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Classification with HeuristicLab

HeuristicLab

* Symbolic classification
— evolve discriminating function using GP

— find thresholds to assign classes o mme o

* Demonstration
— real world medical application 1 e

— model accuracy

— visualization of model output
* discriminating function output
hd ROC-C urve Actual Class 0 Actual Class 1
* confusion matrix Prodcted Cass 0 =

Predicted Class 1 64 150




Case Study: Classification

HeuristicLab

* Real world medical dataset (Mammographic Mass) from
UCI Machine Learning Repository
— data from non-invasive mammography screening
— variables:
* patient age
 visual features of inspected mass lesions: shape, margin, density
— target variable: severity (malignant, benign)

— download
http://dev.heuristiclab.com/AdditionalMaterial#IMMM2011



http://dev.heuristiclab.com/AdditionalMaterial

Open Sample

HL HeuristicLab Cptimizer 3.3.3.5837

1. Open an algorithm
. clicki{_‘l (New Item) in the toolbar and select an algorithm or clickﬁ (Open File) in the toolbar and load an algorithm from a file

2. Open a problem in the algorithm _
& inthe Problem tab of the algorithm click 11L'l (Mew Problem) and select a problem or clickﬁ {Open Problem) and load a problem from a file

3. Setparameters
= setproblem parameters inthe Problem tab of the algorithm
e setalgorithm parameters in the Parameters tab of the algorithm

4. Run the algorithm
s clickk (Start’Resume Algorithm) to execute the algorithm (if the button is grayed out some parameters of the algorithm or the problem still have to be set)

= wait for the algorithm to terminate or click Il (Pause Algorithm) to interrupt its execution or click @ (Stop Algorithm) to stop its execution

5. Check results
» checkthe results on the Results tab of the algorithm
e clickh (Start’Resume Algorithm) to continue the algorithm or click & (Reset Algorithm) to prepare a new run

Looking for predefined algorithms which can be executed immediately?
» check outthe sample algorithms below

File  Edit View Services Help
hed
| StartPage | - X
o
Z| HeuristicLab Optimizer 3.3.3.5837
i Follow these steps to start working with HeuristicLab Optimizer: -

m

Samples

MName Description ol
4, Evalution Strategy - Griewanlk An evolution strategy which solves the 10-dimensional Griewank test function

4, Genetic Algorithm - TSP A genetic algorithm which solves the "ch130" traveling salesman problem {mported from TSPLIE)

4, Genetic Algorithm - VRP A genetic algorthm which solves the "C101" vehicle routing problem (imported from Sclomon) £
4, Genetic Programming - Artificial Ant A standard genetic programming algorithm to solve the artificial ant problem (Santa-Fe trail)

F A Genetic Programming - Symbalic Classfication A standard genetic programming algarithm to solve a classification problem (Mammographic+Mass dataset)
4, Genetic Programming - Symbolic Rearession A standard genetic programming algorithm to solve a symbolic regression problem tower datasst)

4%, Island Genetic Algorithm - TSP An island genetic algorithm which solves the "ch130" traveling salesman problem (mported from TSPLIB)
4%, Local Search - Knapsack Alocal search algorthm that solves a randomly genersted Knapsack problem

Show Start Page on Startup

IMMM 2011
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Configure and Run Algorithm HL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

NS H
11|~ StartPage ) Genetic Algorithm | - X
]

% Name: Genetic Algorithm @ %
| 2 | Problem |Parameters | Resuits | uns | Operator Graph | Engine |

Name: Symbolic Classffication Problem (single objective) (i ._%
[ Import from CSV file |

Parameters

+/ 00 6 <) @

# BestKnownQuality: 0

4 Evaluator: Mean squared emor Evaluator

Q} FitnessCalculationPartition: Start: 0, End: 480
# MaximumSymbolicExpression TreeDepth: 8
@ MaximumSymbolicExpression TreeLength: 25
OtgiPrcblemData: Diata imported from mammograpt
@ RelativeNumberOf EvaluatedSamples: 100 %
ch Symbolic Expression TreeGrammar: TypeCohere
Q)ValidationPartiticn: Start: 0. End: 0

..m u| (@) Execution Time: 00:00:00
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Inspect Quality Linechart

HeuristicLab

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit

NE d

View  Services Help

Start Page )" Genetic Algorithm |

Name: Genetic Algorithm

[ preoqdip E |

ns |Opelator Graph | Engine|

Results

2 X &

# EvaluatedSolutions: 12988

¥ Generations: 12

|+ Symbal frequencies: Symbaol frequencies
|+ Variable frequencies: Variable frequencies
%% Viariable impacts: [[0.297264560981151][0.281300323504
|| Symbolic expression tree length: Values
Je Best training solution: SymbolicDiscriminant FunctionClassif
i Best training solution quality: 0.163546271615383693
# CumentBestQuality: 0.16354627161583693

# CumentAverageQualtty: 6.7795804386931877

@ CumentWorstQuality: 105.13216269315159%

¥ BestQuality: 0.16354627161583693

¢ BestKnownQuality: 0

# AbsoluteDifferenceBestKnown ToBest: 0.1635462716158:
# RelativeDifferenceBest Known ToBest: NaN

7 Qualities: Qualities

< | 1 ¢

Details

MName: Qualities

OE=]

Qualities

—— CurrentBestQuality —— CurrentWorstQuality
CurrentiverageQuality = BestQuality

1204

100 — e

BestKnownQuality

mo1z2 13

Execution Time: 00:00:18.7230709
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Inspect Best Training Solution HL

HeuristicLab

=
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = |= g

Eile Edit View Services Help

NEd
11|~ StartPage ) Genetic Algorithm | - X
(]
= Name: Genetic Algorithm ON-==]
(=]
é | Problem I F‘alamatars| Results |Hun5 |Opelator Graph | Engine|

Results

LF‘A

¥ EvaluatedSolutions: 38962

¥ Generations: 38
|+ Symbal frequencies: Symbaol frequencies
|+ Variable frequencies: Variable frequencies
%% Viariable impacts: [[0.391032402312312][0.384402747128

e Best training solution: SymbolicDiscriminant FunctionClassif

Dosl Oall g Soiguon T quaity. o

Details
Data Analysis Solution ._=-||__§|

r X
# Accuracy ftest): 76.9230769230769 %

W Accuracy ftraining): 82 2916666666667 %

# Mean squared emor ftest): 0.1723425556733458
—— # Mean squared emor fraining): 0.1433672976414071

% CumentBestQualty: 0.14360800172509741 Je Model: SymbalicDiscriminant FunctisnClassficationMadel

& CurentAverageQuality: 1.2251625516727878 # ModelDepth: 8

& CumertWorstQuality: 100 24808593743938 @ ModelLength: 21
@ BesiQuaity: 0.14360800172509741 # Pearson’s Re flest): 0.32572528930628269

% BestKnownQuality: 0 # Pearson’s R fraining): 0.42586086763011921

% PbsoluteDifferenceBestKnown ToBest: 0.1436080017250¢ &[3 ProblemData: Data imported from mammographic_masse
% RelativeDifferenceBestKnownToBest: NaN ﬂ[]assiﬁcationSolmion ConfusionMatroc
[ Qualities: Qualities @ Discriminant FunctionClassification Solution ROC Curves

@ Discriminant FunctionClassificationSolution EstimatedClas)
H Dsicriminant FunctionClassification Solution ThreshaoldView

o L} k

N 1 ¢

i @ @ Execution Time:  IIGEEITREE]
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Inspect Model Output and Thresholds

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Value
Data Analysis Solution

THEXE

@ Accuracy ftest): 77.1309771308771 %

@ Accuracy training): 80,625 %

@ Mean squared emor fest): 0.16198293293746
# Mean squared emor fraining): 0. 15795688957
Je Model: SymbalicDiscriminant FunctionClassifica
# ModelDepth: 12

# ModelLength: 44

@ Pearson’s R2test): 0.3549559676960316

Details

<}[3 ProblemData: Data imparted from mammograpt
@Oas&ﬁicaﬁonSolLﬂion ConfusionMatric
@ Discriminant FunctionClassfication Solution RO¢

ﬂ Dsicriminant FunctionClassffication Solution Thrg

Estimated Values

# Pearson's R2 {iraining): 0.3776345925844265 0.87

0.6

Eile Edit View Services Help

DE -
I Start Page ]/Genetic Algmithm)/Best training solution - X
o
‘é. Name: Best training solution (i ..g
E Data Type:  SymbolicDiscriminant FunctionClassification Solution

0.41

0.2

= Class0
[ S § 1 1 ] .
3 g el = T e
* g my=mn " . '
n iy En e mEw ] 1w med
L]
",
ey A MR
n N ]
EEEEECREE o &5 O s ss s
[y ] . = mEEw [} ]
ma "
] Eig m " pim L | C I

(s 1l l == &= & &

Lgee & 2 1 8 Re |}

Training Samples

Test Samples
Jitter:
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Inspect Confusion Matrix

IMMM 2011

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

HeuristicLab

Eile Edit View Services Help

==

@ Accuracy test): 77.1309771309771 %
@ Accuracy training): 80,625 %

@ Mean squared emor fest): 0.16198293293746
# Mean squared emor fraining): 0. 15795688957
Je Model: SymbalicDiscriminant FunctionClassifica
# ModelDepth: 12

# ModelLength: 44

# Pearson’s R® fest): 0.3549559676960316

@ Pearson’s R2 training): 0.3776945925844265
0[3 ProblemData: Data

@ Discriminant FunctionClassffication Solution Estii
@ Dsicriminant FunctionClassffication Solution Thre

1|~ StartPage | Genetic Algarithm ) Best training solution - X
0
‘;. Name: Best training solution @ %
(=]
3 Data Type:  SymbolicDiscriminant FunctionClassfication Solution
Value
Data Analysis Solution %
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Inspect ROC Curve

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

T E

@ Accuracy frest): 77.1309771309771 %

@ Accuracy training): 80,625 %
@ Mean squared emor fest): 0.16198293293746

# Mean squared emor fraining): 0. 15795688957
Je Model: SymbalicDiscriminant FunctionClassifica

# ModslDepth: 12
@ ModelLength: 44

Details

Sonis

@ Pearson’s R2 training): 0.3776945925844265

% ProblemData: Data imported from mammograph 087 v
@Oas&ﬁicaﬁonSolLﬂion ConfusionMatric 4
" "I Discriminart FunctionClassification Solution RO
@ Discriminant FunctionClassffication Solution Estii
@ Dsicriminant FunctionClassffication Solution Thre

061

04t |

True Positive Rate

02+

# Pearson’s R frest): 0.3545559676960316

Eile Edit View Services Help
DE -

I Start Page ]/Genetic Algmithm)/Best training solution - X
o

‘é. Name: Best training solution (i ..ﬁ
E Data Type:  SymbolicDiscriminant FunctionClassification Solution

T Value

Data Analysis Solution Lﬁ

1] 0.2

04 0.6

False Positive Rate
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Validation of Results

HeuristicLab
e Overfitting = memorizing data
e Strategies to reduce overfitting
- Va“dation pa rtition Training Validation Test
— cross-validation



Validation of Results

HeuristicLab
* Demonstration
— Configuration of a validation set
— Inspection of best solution on validation set
— Analysis of training- and validation fitness correlation
— Cross-validation
e Configuration
* Analysis of results
Start Page l/CrossVaIidation]: Genetic Prograr _EM'HRZD\?“TE = —— Estimated Values (test) Traiming and validation fitness correlation table
Mame: Cross Validation 600 - lg?;g;;ﬂoan"d validation finess
Samples Start: 1
Samples End: 400 ‘ (l|| “J,‘ ‘ | i Ml kA 0s B
|.Ngori1hm| Results |Huns | (! 1 ; 0 .|‘ b
Results 200 ] " " | 06
|‘”‘|"M-l‘|.!?|‘ |.. 0.4
= Genetic Programming - Symbolic Regression Fold 0
=] Genetic Programming - Symbolic Regression Fold 1 0.2
=] Genetic Programming - Symbolic Regression Fold
=] Genetic Programming - Symbolic Regression Fold 2004
=] Genetic Programming - Symbolic Regression Fold; 0 1000 2000 3000 4000 uo 1 2 3 4 5 & 7 8 % 10 11 12 13 14 15 16 17 18
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Configuration of Validation
Partition

HeuristicLab

f
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

DEd

Start Page )/Geneﬁc Algorithm ]/]ntelacliue Regression Solution 5. ]/Model ]

[ preoqdip & |

MName: Genetic Algorithm

| Problem BParmmeters | Results | Runs | Operater Graph | Engine |

Name: Symbolic Regression Problem (single objective)

Imiport from CSV file

[

Parameters

+) 00 60 <) @

# BestKnownQuality: 0

‘4 Evaluator: Pearson R2 Evaluator
Q)FrtnessCalculationParti‘tion: Start: 0, End: 1650

@ Maximum SymbolicExpression Tree Depth: 10

# MadmumSymbolicExpression TreeLength: 100

0[3 ProblemData: Data imported from muttivariate poly-1
# RelativeNumberOfEvaluatedSamples: 100 %

0[8 Symbolic Expression TreeGrammar: TypeCoherent Ex

A ValidationPartition: Start: 150, End: 250

< [ 3

Details

Name:

Validation Partition

0=

Data Type:  IntRange

Value

.

Fa

Execution Time:  00:00:00
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Inspect Best Model on Validation

Partition

f
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help
NEH
I Start Page)/GeneﬁcAIgorithm ]/Interacti\re Regression Solution 5... ]/Model ] - X
o
= | Name: Genetic Algorithm D ==&
o
= | Problem | F‘alameters| Results |Huns |0pelator Graph | Engine|

Results

+ B &Y (%

@ EvaluatedSolutions: 6994

¥ Generations: &

4] Symbal frequencies: Symbal frequencies
|+ Variable frequencies: Variable frequencies

@ Best training solution quality: 0612843746819
Best validation solution: Symbolic RegressionSy
@ Best validation solution quality: 0.6854769612)

.

@ CurentBestQuality: 0.60601842473207535
& CumentAverageQuality: 0.1378046838396513
o CurentWorstQuality: 0

# BestQuality: 0.60601842479207535
 BestKnownQuality: 0

@ Absolute DifferenceBestknown ToBest: 0.6060
# RelativeDifferenceBest Known ToBest: NaN
A Qualities: Qualities

Details
Regression Solution

¢ 1) &Y [x [_Simeiiy_]
# Average relative emor ftest): 619.55529863798"
¥ Average relative emor fraining): 513.423308011
@ Mean squared emor ftest): 0.160410832853803)
@ Mean squared emor ftraining): 0150663206108
J Model: SymbolicRegressionMadel

# ModelDepth: 13

# ModelLength: 63

# Pearson’s R®ftest): 0.515136602295072

# Pearson’s R?ftraining): 0.6430157910021429
0[3 ProblemData: Data imported from muttivariate po
ﬂ RegressionSolution ScatterPlot
@ RegressionSolution LineChart

@ RegressionSolution EstimatedValues

4 mn 2

Details

Target Values

* Al samples .

Training samples

3.165

2.1452

1.1254

0.1056

0.9142

-1.934
-1.4834 0.1058

08142 1.1254
Estimated Values

2.1452
3.165

Execution Time: 00:00:18.3120474
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Inspect Linechart of Correlation of

Training and Validation Fitness

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File

pieoqdin

Edit View Services Help

Start Page)/Genetic Algorithm ]/Interactive Regression Solution 5... ]/Model ]

MName: Genetic Algorithm

| Problem | F‘alameiers| Results |Huns |Ope|ator Graph | Engine|

Results

¥ EvaluatedSolutions: 17983
¥ Generations: 17
4] Symbal frequencies: Symbol frequencies
| Variable frequencies: Varable frequencies
Cﬁ Variable impacts: [[0.175726225620045][0.13°
4| Symbalic expression tree length: Valuss
[ Best training solution: SymbolicRegressionSolu
 Best training solution quality: 0654273312874,
[ Best validation solution: Symbaolic RegressionSi
@ Best validation solution quality: 0. 7024052969/
AT ————
@ CurentBestQuality: 0.65427331287446355
@ CumentAverageQuality: 0.4315694722027848
o CurentWorstQuality: 0
# BestQuality: 0.65427331287446355
 BestKnownQuality: 0
@ Absolute DifferenceBestknown ToBest: 0.6542]
# RelativeDifferenceBest Known ToBest: NaN
A Qualities: Qualities

Details
Mame:  Training and validation fitness comelation table D 55

Training and validation fitness correlation table

Training and validation fitness
correlation

0.8+

041

02t

o 1 2 3 4 5 & 7 B 9 10 M 12 13 14 15 1% 17 18

b () (@] (=

Execution Time: 00:00:59.9954315
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Agenda

HeuristicLab

* Objectives of the Tutorial

* Introduction to Metaheuristics

* Introduction

 Where to get HeuristicLab?

e Plugin Infrastructure

e Graphical User Interface

* Available Algorithms & Problems

 Demonstration Part I: Working with HeuristicLab
 Demonstration Part ll: Data-based Modeling

 Some Additional Features
* Planned Features

* Team

e Suggested Readings

e Bibliography

* Questions & Answers



Some Additional Features

HeuristicLab

e HeuristicLab Hive

— parallel and distributed execution of algorithms
and experiments on many computers in a network

* Optimization Knowledge Base (OKB)
— database to store algorithms, problems, parameters and results
— open to the public
— open for other frameworks
— analyze and store characteristics of problem instances and problem classes

e External solution evaluation and simulation-based optimization

— interface to couple HeuristicLab with other applications (MatLab,
Anylogic, ...)
— supports different protocols (command line parameters, TCP, ...)

* Parameter grid tests and meta-optimization
— automatically create experiments to test large ranges of parameters

— apply heuristic optimization algorithms to find optimal parameter settings for heuristic
optimization algorithms
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Planned Features

Algorithms & Problems
— steady-state genetic algorithm
— unified tabu search for vehicle routing
— scatter search

Cloud Computing
— port HeuristicLab Hive to Windows Azure

Linux
— port HeuristicLab to run on Mono and Linux machines

Have a look at the HeuristicLab roadmap
— http://dev.heuristiclab.com/trac/hl/core/roadmap

Any other ideas, requests or recommendations?
— please write an e-mail to support@heuristiclab.com

HeuristicLab


http://dev.heuristiclab.com/trac/hl/core/roadmap
http://dev.heuristiclab.com/trac/hl/core/roadmap
mailto:support@heuristiclab.com

Suggested Readings

HeuristicLab

OPTIMIZATION
SOFTWARE CLASS
LIBRARIES

* S.VoR, D. Woodruff (Edts.)
Optimization Software Class Libraries
Kluwer Academic Publishers, 2002

Genetic Algorithms and

. Genetic P.mgramming
M. Affenzeller, S. Winkler, S. Wagner, A. Beham i
Genetic Algorithms and Genetic Programming a

Modern Concepts and Practical Applications
CRC Press, 2009
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Questions & Answers

HeuristicLab

http://dev.heuristiclab.com

heuristiclab@googlegroups.com

support@heuristiclab.com
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