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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
 Demonstrate basic features
 Demonstrate editing and analysis of optimization experiments
 Demonstrate custom algorithms and graphical algorithm designer
 Demonstrate data-based modeling features

e (Qutline some additional features



Introduction

HeuristicLab

e Motivation and Goals

- —H &7
— graphical user interface J I ek ey 1 07 8
— paradigm independence I, [* T " S—
— multiple algorithms and problems —— |

— large scale experiments and analyses
— parallelization

— extensibility, flexibility and reusability
— visual and interactive algorithm development T — ‘
— multiple layers of abstraction s 1 I

* 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 3.3.6 released on January 3rd, 2012
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Where to get Heurist :

HeuristicLab

* Download binaries
— deployed as ZIP archives

— latest stable version 3.3.6
 released on January 3rd, 2012 HeuristicLab

Environment for Heuristic Optimization

Login  prefarencas

—_ d a | Iy tru N k b u | | d S S e T

Welcome to the HeuristicLab Development Homepage

—  htt p: / / dev.heuristiclab.com / download 1 i A 5 i S5 Ve Gl by it 3 7 S 3G BioNiBoRy AR

Laboratory (HEAL) since 2002. The developers taam of HeuristicLab uses this page to coordinate efforts to improve and extend HeuristicLab,

Ataglance:
Getting Started: Find out more about HeuristicLab on the About page, read the User Manual or follow our developer blog, which will be oniine
IS Siorty: For developers who wish o contribute to HecristicL b we provida development guidelines, demo engines and an APl documentation. 1f you
find any bugs or have additional questions or feedback don't hesitate to contact support@heuristiclab.com.

[ ] Developers: Check out the Status Board and monitor the development progress and changes. Read the documentation to see how you can extend
(@ HeunsticLab with your own plugin. Find out more about the research group HEAL, the indvidual contributors and software projects and scientific .
publications that have been realized with HeuristicLab on heal.heuristiclab.com HEAL is a research unit of the Upper Austria University of Applied
Sciences

. Publications and Projects: The HeuristicLab software framework has been successfully used in many applied research projects and scientific
— papers, book chapters and joumal articles. A full overview can be found on the research group homepage, but an overview of the most important
Publications and selected projects can be found here.

Citation: If you publish any results derived from the use of HeuristicLab we would be grateful if you cite the following reference in your papers:
M M 5. Wagner, Heuristic Optimization Software Systems - Modeling of Heuristic Optimization Algorithms in the HeuristicLab Software Environment, PhD
— euristicLa ag e nkckat o Aol Hodes a3 Vereasan, Jhanmes Kookt Unversty Ure A, 2005
3.
e http://dev.h ticlab.com hl t 3.3.6 C= R o
://dev.heuristiclab.com/svn core/tags/3.3.

* What is HeuristicLab? |  Build Sources * System Requirements

+ User Manual H * Howtos * Dowrload HeuristcLab 3.3
— « FAQ « Development Guidelines > « Installation / Upgrade

< hore..  More. * Hore...

* http://dev.heuristiclab.com/svn/hl/core/trunk S e e i e sl A

Download in other formats: -

* License
— GNU General Public License (Version 3)

* System requirements

— Microsoft .NET Framework 4.0 Full Version
— enough RAM and CPU power ;-)

HeuristicLab Tutorial http://dev.heuristiclab.com 6



Plugin Infrastructure

* HeuristicLab consists of many assemblies

94 plugins in HeuristicLab 3.3.6

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

e Extensibility

developing and deploying new plugins is easy

dependencies are explicitly defined,
automatically checked and resolved

automatic discovery of interface
implementations (service locator pattern)

e Plugin Manager

HeuristicLab Tutorial

GUI to check, install, update or delete plugins

http://dev.heuristiclab.com

HeuristicLab

HeuristicLab 3.33.5446 )

Applications

Optimizer

Plugin Management

Plugi

Manager

I = Start fbout...

HeuristicLab Plugin Manager 3.3.3.5446 SRR X
Optiens
Update Plugins InzlalladPIuglns Available Plugins | Log
Name Version
#3 HeurigticLab ALGLIE 3105445
4= HeuristicLab . Algorithms. Data Analysis 3335446
4= HeuristicLab . Algorithms. Data Analysis Views 3335446
4= HeuristicLab . Algorithms. Evolution Strategy 3335446
4= HeuristicLab . Algorithms . Genetic Algorithm 3335446
4= HeuristicLab . Algorthms.LocalSearch 3335446 |
43 HeuristicLab Algorithms NSGAZ 3.3.3.5446
43 HeuristicLab . Algorithms Offspring SelectionGenetic Algorithm 3.3.3.5446
43 HeuristicLab . Algorithms. Simulated Annealing 3.3.3.5446
43 HeuristicLab . Algorithms. TabuSearch 3.3.3.5446
T
3 Refresh List @ Update Selected Delete Selected



Plugin Architecture

HeuristicLab

Analysis Encodings.* Problems.* Algorithms.*
Random Selection

Optimization

CodeEditor

Clients.Common Collections Tracing/Logging Persistence ControlExtensions

Common, Resources, External Libraries

PluginInfrastructure

Foundation

Models | Views

HeuristicLab Tutorial http://dev.heuristiclab.com 8



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



HeuristicLéb

Graphical User Interface

Pamme Hung | Dperator Graph

wE g1

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

ConstrainedValueParameter Configuration View

ValueParameter View

HeuristicLab Tutorial http://dev.heuristiclab.com 11



Available Algorithms & Problems

Algorithms

Evolution Strategy

Genetic Algorithm

Genetic Programming

Island Genetic Algorithm

Island Offspring Selection Genetic Algorithm
Local Search

NSGA-II

Offspring Selection Genetic Algorithm
Particle Swarm Optimization

Robust Taboo Search

SASEGASA

Simulated Annealing

Tabu Search

User-defined Algorithm

Variable Neighborhood Search

Performance Benchmarks

Cross Validation

k-Means

Linear Discriminant Analysis

Linear Regression

Multinomial Logit Classification

Nearest Neighbor Regression and Classification
Neural Network Regression and Classification
Random Forest Regression and Classification
Support Vector Regression and Classification

HeuristicLab

Problems

e Artificial Ant

e C(Classification

e Clustering

e External Evaluation Problem
* Knapsack

*  OneMax

* Quadratic Assignment

* Regression

e Single-Objective Test Function
* Symbolic Classification

* Symbolic Regression

* Traveling Salesman
 User-defined Problem

* Vehicle Routing
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Demonstration Part [:
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



Heur

isticLab Optimizer

HeuristicLab Optimizer 3.3.3.5448 pa— S P—

Eile

Edit View Help

" 2=

paeagdis

-~ Start Page

HeuristicLab Optimizer 3.3.3.5448

Follow these steps to start working with HeuristicLab Optimizer:

1. Open an algorithm
o Click 1_1 (Mew Item) in the toolbar and select an algorithm or click 55 (Open File) in the toolbar and load an
algarithm from a file

2. Open a problem in the algorithm
« inthe Problem tab of the algarithm click il (Mew Problem) and select a problem or clickﬁ (Cpen
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

Samples

Mame

B

.3

m

P

HeuristicLab Tutorial http://dev.heuristiclab.com
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Create Algorithm

HeuristicLab

i Mew Item g

-
HL HeuristicLab Optimizer 3.3.3.5837 Mame Version Description -
File | Edit View Services Help Algorithms
17)  New... Ctrl+N %, Evolution Strategy 3335809 An evolution strategy.
5 Genetic Algorithm A genetic algorithm.
B Open... Ctrl+0
.y Cpen il #, Island Genetic Algorthm 3335809 Anisiand genetic algorit
o Save Ctrl+S <, lsland Offspring Selection Genetic Algorithm 3335805 Anisland offspring selec
Save As...  Ctrl+Shift+S <+, Local Search 3.3.35805% Alocal search algorthm.
Close Ctrl+W %3 NSGA 3335809 The Mondominated Sorti
i ST s 4 Offspring Selection Genetic Algorthm 3335809 An offspring selection ge
%, Particle Swarm Optimization 3335535 A paicle swam optimiz:
EXlt E ol Bl ot S T T O =4 ¥ ¥ T o TN T N T v
4 | 1 | 3
| 0K || Concel
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Create or Load Problem

HL Heuristiclab Optimizer 3.3.3.5837 [Unsaved]

File  Edit View  Services Help

NEd

" Genetic Algorithm

[ preogdip |

Execution Time: 00:00:00

HeuristicLab Tutorial http://dev.heuristiclab.com
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Import or Parameterize Problem Data HL

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

B

File  Edit

DEd

View  Services Help

~ Genetic Algorithm

Name: Genetic Algorithm

[ preoqdin & |

Prablem |Pa|arneters|ﬂeaults|ﬂ1m |Ope|atoerph|Engne|

BE

Impart from TSPLIB

Paremeters

Parameters

R X &

@ BestKnownQuality: 6110
“t# BestKnownSolution: [0:40:38:116:111:114:27:
b+ {Coordinates: [[334,5909245845; 161 7
% Distance Matrix
=4 Evaluator: TSPRoundsdEuciideanPath Evalua,
=4 SolutionCreator: RandomPemutationCreator
# UseDistanceMatrix: True

Details

Name: Coordinates

Data Type: DoubleMatric

Value

Show in Run:
Rows:

130

Columns: 2

Column 1

334 590924,
397 544663,

Column 2
161,7805831...
262,816533...

503.874182...

172.874115...

311 £19794

(] [=] (@)

Execution Time:  00:00:00

HeuristicLab Tutorial
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Parameterize Algori

m

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

DEH

pieagdip &

P

- Genetic Algorithm

Name: Genetic Algorithm

arameters

¢ ) &) ) (&

‘i Analyzer: MultiAnalyzer

“% Crossover: OrderCrossover?
# Hites: 1

¢
@ MutationProbahbility: 5 %

‘& Mutator: InversionManipulator
@ PopulationSize: 100

¥ Sead: 0

‘¢ Selector: Proportional Selector
# SetSeedRandomly: True

Problem | Parameters | Resutts | Runs | Operator Graph | Engine

Details

Hame: Maximum(Generations

Data Type:  IntValue

Value

Show in Fun:

Walue: 1000

Execution Time:  00:00:00

HeuristicLab Tutorial

http://dev.heuristiclab.com
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Start, Pause, Resume, Stop and Reset HL

HeuristicLéb

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

[E=EER)

File Edit View Services Help

DEH

- Genetic Algorithm

Name: Genetic Algorithm

@ =

preoqdip &

Problem | Parameters | Results | Runz | Operator Graph | Engine|

Parameters

¢/ 61 60 ) @

‘i Analyzer: MultiAnalyzer

“% Crossover: OrderCrossover?
# Hites: 1

¢
@ MutationProbahbility: 5 %

‘& Mutator: InversionManipulator
@ PopulationSize: 100

¥ Seed: 0

‘¢ Selector: Proportional Selector
# SetSeedRandomly: True

Details

Name: MaximumGenerations ] -_?__5,
Data Type:  IntValue

Walue

Show in Fun:

Walue: 1000 ﬁé

Execution Time:  00:00:00

HeuristicLab Tutorial

http://dev.heuristiclab.com 20



Inspect Results

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

File Edit View Services Help

HeuristicLéb

NEH
Hi |l " Genetic Algorithm x
o

= Name: Genetic Algorithm (i ‘-Ejl
o

2

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

Results

LA A
2 X
# EvaluatedSclutions: 26236 -
# Generations: 264 Name:  Qualties
8] Best TSP Solution: Path TSP Tour
# CurertBestQualty: 24652 Qualities
@ Cument AverageQuality: 27311
@ CumertWorstQuality: 30928 —— CurrentBestQuality — CurrentWorstQuality —— BestQuality BestKnownQuality
@ BestGualty: 24652 CurrentfverageQuality
@ BestKnownQuality: 5110
# AbsoluteDifference BestknownToBest: 18542 50000 1
# RelativeDifference Bestknown ToBest: 303,46
0 Qualities: Qualties "'V'\_ﬁ J"' 1
/ I“.,‘h‘l
1 mm"ﬂ'\"t‘l

-
W™, M.
MM, A

Details

Y
Pyt Wm_ SV

u) (@] (@) Execution Time: 00:00:01 6310967
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Compare Runs

* Aruniscreated each time when the algorithm is stopped
— runs contain all results and parameter settings

— previous results are not forgotten and can be compared

HeuristicLab Tutorial

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

vy
H

File Edit View Services Help

=" |
~" Genetic Algorithm

Name: Genetic Algorithm

pieogdiy

Runs

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

Runs

Analyze Runs... =

%Genetlc Algorithm Run 1
0[3 Genetic Algorithm Run 2
&lﬁ Genetic Algorithm Run 3
0!3 Genetic Algorithm Run 4
0[3 Genetic Algorithm Run 5
&lﬁ Genetic Algorithm Run 6
QS Genetic Algorithm Run 7
J Genetic Algorthm Fun |
&lﬁ Genetic Algorithm Run 3
%Geneﬁc Algorithm Run 10
C’tzﬁaneﬂc Algorithm Run 11
<}lgGaneﬁc Algorithm Run 12

Details
Name: Genetic Algorithm Run 8

Color: .

Parameters & Results

Name -

Results !
 AbsoluteDifferanceBestknownTo|
] Best TSP Solution B
# BestKnownQuality
# BestQuality
@ CumentAverageQuality
@ CumentBestQuality
@ CumentWorstQuality
# EvaluatedSolutions
Q} Execution Time
# Generations
4] Qualities
@ Relative DifferenceBestknownTa +

< [ r

Details
Cuality
Value: E747

Visualization | Value

Show Algerithm

Execution Time:  00.00:00.5160256

http://dev.heuristiclab.com
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Save and Load

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

HeuristicLab

— saving and loading large experiments requires some memory

HeuristicLab Tutorial

7

HeuristicLab Optimizer 3.3.3.5837 [Un

| File | Edit View Services Help

-] New.. Ctrl+N
| Open.. Ctrl+0
d Save Ctrl+S '
' SaveAs.. Ctrl+Shift+S
Close Ctrl+W [Rur
Close All  Ctrl+Shift+W
Exit

¢ EvaluatedSolutions: 26226

http://dev.heuristiclab.com
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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

- r _ b
HeuristicLab Optimizer 3.3.3.5837 [Unsaved] Create Experiment [é]

File [ Edit | View Services Help Create Batch Run: [V
N @ Copy To Clipboard ) $ Bepetitions: 10 =

Convert into User-Defined Algorithm

Create Experiment

AP Terah~ NI~ raRrm

HeuristicLab Tutorial http://dev.heuristiclab.com 24



Create Batch Runs and Experiments HL

HeuristicLab
r Y
HL HeuristicLab Optimizer 3.3.5.6558 [Unsaved] = | = g
File Edit View Services Help
NEH
Hi |l " Experiment - X
=
El
=
Optimizers
e
- #; Expetiment InversionManipulator Details
B% Batch Run {5) Name: GA, TSP ch130, 5% Mutation Rate, InversionManipulator (i ‘—?-_él

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

Parameters

Eu:zﬂ Batch Run (5) " ~

B?{ﬂ GA, TSP ch130, 10% Mutation Rate, Inv,

Details
i ch130 TSP (mported from TSPLIE) E:gﬂﬁﬁf;;m‘g’fs;wz Name:  MutationProbabiity ® =
":' Bites: 1 Data Typs:  PercentValus
- §, Experiment TranslocationManipulator @ MaximumGenerations: 10000 Vi
@ Mutation Probability: 5 % ale
d rag & d ro p he re V Mutator: InversionManipulator 2 | Showin Run;
# PopulationSize: 100

to add additional g;e;ﬂ N velue: 5% -
algorithms, @ SetseedFandomiy: Tus
batch runs,

experiments, etc.

i} ] @ Execution Time:  00:00:00

Execution Time:  00:00:00

HeuristicLab Tutorial http://dev.heuristiclab.com 25



Clipboard

HeuristicLab
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] ‘ L =N g1
File Edit View Services Help
Y R
Clipboard Genetic Algorithm - X
A @ Name: Genetic Algorithm| (i ..%
# ch130 TSP {mported from TSPLIB) Problem | Parameters | Results | Runs | Operator Graph I Engine|
4, Experimert _
#, Genetic Algorithm
<>[3(3&ne1ic Algorthm Run 1 ) .
$ kroA200 TSP (mported from TSPLIE) Name: 130 TSP mported from TSPLIB) ® 3
[ Impart from TSPLIE |
[ Parmeters | Visusiization |
drag & drop Parameters
NPEEE
here to add , _
W BestKnownQuality: 6110
H <>E$ BestknownSolution: [0;40,38;116;111;114:27;
algorlth ms, %Coordinates: [[334,5509245845;161, 78093157
<}[3 DistanceMatrix
p ro b I e m S 9y -4 Evaluator: TSPRoundedEuclideanPath Evalua
@ Maximization: False
batc h ru n S y ‘& SolutionCreator: RandomPemutationCreator
- ¥ UseDistanceMatric: True
experiments,
etc.
< [ 3
4 [ | @ Execution Time:  00:01:02 2315535 |

HeuristicLab Tutorial http://dev.heuristiclab.com 26



Clipboard

HeuristicLab

* Store items
— 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

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File [ Edit | View Services Help

@ Copy To Clipboard
| Convert into User-Defined Algorithm

Create Experiment

© NEmE" T T\ T T

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

e 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

HeuristicLab Tutorial http://dev.heuristiclab.com 27



Start, Pause, Resume,

top, Reset

HeuristicLab Optimizer 3.3.5.6558 [Unsaved]

paeagdis

i

File  Edit
DA
~" Experiment
Experiment

Optimizers | Buns

Optimizers

)

Name:

View

Services

Help

4| X

=) §, Experiment InversionManipulator

#, Batch Run (5)

=%, GA

1

. TSP ch130, 5% Mutation Rate, Inve
i ch130 TSP {mported from TSPLIE)

Paraneies

- #, Batch Run (5)

B---—/’d,l GA, TSP ch130, 10% Mutation Rate, Inv

112

_____ &

Experiment

ch130 TSP {imported from TSPLIB)
Parameters

= Results

Translocation Manipulator

.- #, Batch Run (5)

B""//a GA, TSP ch130, 5% Mutation Rate, Trar

i
isie

..... G

i
isie

ch130 TSP {imported from TSPLIB)
Parameters

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

ch130 TSP {imported from TSPLIB)
Parameters

= Results

Details

Parameters

' Analyzer: MuttiAnahyzer

W Crossover: OrderCrossover2
@ Eites: 1

@ MaximumGenerations: 10000
# MutationProbability: 5 %

% Mutator: InversionManipulator
# PopulationSize: 100

# Seed: 0

¥ Selector: Proportional Selector
@ SetSeedRandomly: True

Details
Name:
Data Type:
Value

2 *

Value:

MutationProbability

O

PercentValue

Show in Run:

5%

Execution Time:  00:00:00

HeuristicLab Tutorial

http://dev.heuristiclab.com
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Compare Runs

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

File Edit View Services Help

NEd
Hi|l " Demo Experiment X
=
= Name: Demo Experiment (i) ._=-l|__§|
=]

2| [ Optimzers | Runs |

Runs
(] [Ge=r |

Analyze Runs...

“t% GA, TSF ch130, 0% Mutation Rate

“t% GA. TSP ch130. 0% Mutation Rate,
R4 GA. TSP ch130, 5% Mutation Rate,
<% GA, TSF ch130, 5% Mutation Rate,
“t4 GA, TSP ch130, 0% Mutation Rate,
“t4 GA, TSP ch130, 5% Mutation Rate,
<% GA, TSP ch130, 0% Mutation Rate,
“t% GA, TSP ch130, 5% Mutation Rate,
“t% GA, TSP ch130. 0% Mutation Rate,
“t% GA. TSP ch130. 5% Mutation Rate,
<% GA. TSP ch130. 0% Mutation Rate,
<% GA. TSP ch130, 5% Mutation Rate,
“t4 GA, TSP ch130, 0% Mutation Rate,
“t4 GA, TSP ch130, 5% Mutation Rate,
<% GA, TSP ch130, 5% Mutation Rate,
“t% GA, TSP ch130, 0% Mutation Rate,
“t% GA, TSP ch130. 0% Mutation Rate,
“t% GA. TSP ch130. 5% Mutation Rate,
<% GA. TSP ch130. 0% Mutation Rate,
<% GA. TSP ch130, 5% Mutation Rate,
“t4 GA, TSP ch130, 5% Mutation Rate,
4 GA, TSP ch130, 0% Mutation Rate,
<% GA, TSP ch130, 0% Mutation Rate,

. Swap: ~
Transl|
Transl
Inversi
Swaps
Swap:
Inversi
Transl
Transh
Inversi
Swap:
Swap:
Inversi
Trangh
Inversi
Transh
Swap:
Swap:
Inversi
Transh
Trangh
Inversi ~
3

Name:

Details

Parameters & Results

Name
Results |
@ AbsoluteDifferenceBestk|
18] Best TSP Solution
 BestKnownQuality
W BestQuality
@ CumentAverageQuality
& CumentBestQuality
@ CumentWorstQuality
¥ EvaluatedSolutions
4, Execution Time
¥ Generations
A Qualiies
# RelativeDifferenceBestki .

| »

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

Color: .

Details

Name:  Qualties

Qualities

—— CurrentBestQuality
CurrentfverageQuality
= CurrentiWorstQuality

—— BestQuality
BestKnownQuality

60000

40000

o d

2000 4000 6000 2000 10000

Show Algorithm

Execution Time:  03:55:16.2570011

HeuristicLab Tutorial
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Analyze Runs

HeuristicLab

e 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 Fitteing |

Runs

Clear Analyze Runs... ~

I RunCollection BoxPlots

“1% Genetic Algorithm |
“% Genetic Algorithm | RunCollection BubbleChart

“13 Genetic Algorithm RunCollection Tabular View }
“% Genetic Algorithm
“% Genetic Algorithm
%4 Genetic Algorithm RunCollection View

RunCollection Variablelmpacts

——y

2 Rametic Alaamhm (M datinn Rate 1% By |

HeuristicLab Tutorial http://dev.heuristiclab.com 30



RunCollection Tabular V

ew

[+ HeuristicLab Optimizer 333.5837 [Unsaved) S—— = | B il
File Edit View Services Help
NEH
Genetic Algerithm )/Rur{ollection Tabular View x
=
‘é_‘ Bows: j20] ==
a Columns: 48
BestKnownQuality Bestknown Solution BestQuality Coordinates Crossover Current AverageQuality i
P Genetic Algorithm (Mutation Rate 1%) Run 13 5110 [0:40:38:116:111;114:... | 16405 [[334,5509245... |OrderCrosso... |16543,13
Genetic Algorithm (Mutation Rate 1%) Run 14 5110 [0:40:38:116;111;114;... | 14783 [[334,5509245... |OrderCrosso... |15029,02
Genetic Algorithm (Mutation Rate 1%) Run 15 5110 [0:40:38:116;111;114;... | 14252 [[334,5509245... |OrderCrosso... | 1428289
Genetic Algorithm (Mutation Rate 1%) Fun 16 5110 [0:40;38.116;111;114;... | 13243 [[334,5509245... |OrderCrosso... 1324595
Genetic Algorithm {Mutation Rate 1%) Run 17 5110 [0:40:38:116:111;114:... | 13703 [[334,5509245... |OrderCrosso... |13749,98
Genetic Algorithm (Mutation Rate 1%) Run 18 5110 [0:40:38:116;111;114;... | 13564 [[334,5509245... |OrderCrosso... |13951,09
Genetic Algorithm (Mutation Rate 1%) Run 19 5110 [0:40:38:116;111;114;... | 15421 [[334,5509245... |OrderCrosso... | 1543174
Genetic Algorithm (Mutation Rate 1%) Fun 20 5110 [0:40:38.116;111;114;... | 14405 [[334,5509245... |OrderCrosso... | 15147 E
Genetic Algorithm (Mutation Rate 1%) Bun 21 5110 [0:40:38: 116111114, 1377 [[334,5509245... |OrderCrosso... |13954.56
Genetic Algorithm {Mutation Rate 1%) Run 22 5110 [0:40:38:116;111;114;... | 14629 [[334,5509245... |OrderCrosso... 145323
Genetic Algorithm (Mutation Rate 5%) Run 13 5110 [0:40:38:116;111;114;... | 13085 [[334,5509245... |OrderCrosso... |13642.7
Genetic Algorithm (Mutation Rate 5%) Run 14 5110 [0:40:38:116;:111;114;... | 12403 [[334,5509245... |OrderCrosso... |12818.09
Genetic Algorithm (Mutation Rate 5%) Bun 15 5110 [0:40:38:116;111;114;... | 14091 [[334,5509245... |OrderCrosso... |14653,98
Genetic Algorithm {Mutation Rate 5%) Run 16 5110 [0:40:38:116;111;114;... | 12685 [[334,5509245... |OrderCrosso... | 13259799
Genetic Algorithm (Mutation Rate 5%) Run 17 5110 [0:40:38:116;111;114;... | 12732 [[334,5509245... |OrderCrosso... |13264,38
Genetic Algorithm (Mutation Rate 5%) Run 18 5110 [0:40:38:116;111;114;... | 12711 [[334,5509245... |OrderCrosso... |13151.1%
Genetic Algorithm (Mutation Rate 5%) Bun 19 5110 [0:40:38:116:111;114;... | 12326 [[334,5509245... |OrderCrosso... |12625.78
Genetic Algorithm {Mutation Rate 5%) Run 20 5110 [0:40:38:116;111;114;... | 13346 [[334,5509245... |OrderCrosso... |13777.85
Genetic Algorithm (Mutation Rate 5%) Run 21 5110 [0:40:38:116;111;114;... | 12807 [[334,5509245... |OrderCrosso... |13284.81
Genetic Algorithm (Mutation Rate 5%) Run 22 5110 [0:40:38:116;111;114;... | 12741 [[334,5509245... |OrderCrosso... |13113,18
Genetic Algorithm (Mutation Rate 10%) Fun 13 5110 [0:40:38:116;111;114;... | 15521 [[334,5509245... |OrderCrosso... |18084,04
Genetic Mlgorthm (Mutation Rate 10%) Fun 14~ 5110 |[0:40:38:118:111:174;... | 16384 [[334,5509245... |OrderCrosso... | 1960936 -
< 1 b
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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

e Select, copy and paste into other applications



RunCollection BubbleChart

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = | B il
File Edit View Services Help
=" |
Genetic Algerithm ) RunCollection BubbleChart | X
o
_‘8—' ¥ [BestOuaI'rty v] @ Jitter: |_/| Bubble Size: |Constant '] U =
20000 —
[ ] L)
[ ]
15000 +— ‘
b ®e ° ™
[ ]
® L]
PO

=
E

s} 10000 1-
w
L+
o

5000 1+

D ' ' '
-0.03 0.02 0.07 0.2
MutationProbability
@ Zoom (O Select I Color % | Mutation Probability v] @ Jitter: r/}
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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

e 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

File Edit View Services Help
MEA
HL Genetic Algorithm }“"RunCollection BoxPlots |
=
T |v [Bestquaity -]
Z
20000+
L]
15000+ i é
-
? —_— ?
=
| E
G 10000+
| 5
@
i
|
| 5000+
0
l 0.01 0.05 0
| MutationProbability
|
5] x| Mutation Probability
Statistics
MutationProbability: 1 % MutationProbability: 5 % MutationProbability: 10 %
b Court 10 10
Mirimum 13243 12326 13188
Maxdmum 16405 14091 16521
Average 14403 12850.7 153257
Median 143305 12766.5 15722
.}‘\tan_dla_rd 952 548354804403 516,976477006233 1046,33009981448
LV GNTFIAD AAAAAAAAAL DETIA ETTTTIIOE 1
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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

« 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

D d

- Demo Experiment

Name: Demo Experment

preoqdin &

Runs | Filtering

RunCallection Constraints

[ B0 &) X &

0[3 Mutator Is type compatible to HeuristicLab. Encodings. Permutation Encoding. Translocation Manipulator

p BestQuaity Less than or equal 10000 |

Details

Constrained Member:

Constraint Operation:

Constraint Data:

BestGuality

Less than or equal
10000
Active

Execution Time:  03:55:16.2570011
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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

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

=E)

File Edit View Services Help

heEd

- Demo Experiment

Name: Demo Experiment

preoqdiy &

Optimizers | Runs

Cptimizers

= 4, Experiment InversionManipulator
[)- &, Batch Run (5)
B~ %, GA, TSP ¢h130, 0% Mutation Rate, Inve
#5 ch130 TSP (mported from TSPLIB)
= C%g Parameters
=] Resutts
atch Run (5)
GA, TSP ch130, 5% Mutation Rate, Invel
#5 ch130 TSP (mported from TSPLIB)
= C%g Parameters
=] Resutts
=) #, Batch Run (5)
B?fa GA, TSP ch130, 10% Mutation Rate, Inv,
#5 ch130 TSP (mported from TSPLIB)
- Parameters

=] Resutts
(- &, Batch Run (5)
- %, GA, TSP ch130, 20% Mutation Rate. Inv
45 ch130 TSP (mported from TSPLIB)
= C%g Parameters
=| Results

| 1 | 3

(u] (@] [a] 1, start experiment

Details
Hame: GA, TSP ch130, 5% Mutation Rate, InversionManipulator

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

o =

Hame: ch130 T5F (mported from TSFLIB) 6] ._?:3'

Import from TSPLIB

Parameters | Visualization

Parameters

v Bt &Y (%

& BestKnownQualty: 6110
0[3 BestKnown Solution: [0;40,38;116;111;114;27;
“t% Coordinates: [[334.5903245845; 161, 7809319
Otg Distance Matrix
“ Evaluator: TSPRoundedEuclideanPathEvalua
% SolutionCreator: Random PemmutationCreator
@ UseDistanceMatrix: True

4 m k

(u] (@] (1] 2. start other optimizerssfes2nn

Execution Time:  01:19:30.0586110
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Parallel Execution of Algorithms

HeuristicLab

r =
HeuristicLab Optimizer 3.3.3.5837 [Unsaved] - — i [ =Sl &J
File Edit View Services Help
NE -
- Genetic Algorithm x
=
= Name: Genetic Algorithm (i) =5
o
a
Engine: |Parzllel Engine
Execution Time:  00:00:06.0343451
-
I 05.04.2011 01:42:25 Engine prepared -
[ 05.04.2011 01:42:25 Engine started
I 05.04 2011 01:42:31 Engine stopped
|
(]
.
4 }
) (u]) (m] (@) Execution Time: 00:00:06 0343451
% = — —— = = =

40
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Analyzers

HeuristicLab

e 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

@ SetSeedRandomly: True

Operators | Parameters

-4 Best TSP Solution Analyzer

= TSPAleleFrequencyAnalyzer
“& TSP Population DiversityAnalyzer
441 BestAverageWorstQualityAnalyz

/1. HeuristicLab Optimizer 33.3.5837 [Unsaved] - .. = [E=EER
ey .
File Edit View Services Help
NEH

Hi |l " Genetic Algorithm x
o
= Mame: Genetic Algorthm (i) 3
o
2 Problem | Parameters | Results | Runs | Operator Graph | Engine|

Parameters

BB < &
Details

&, Analy MuttiAnalyzer .

“ Crossover: OrderCrossover? Name: Analyzer w ‘35

# Bltes: 1 Data Type:  MuliAnalyzer

# MaximumGenerations: 1000 vl

# MutationProbabilty: 5 % ue

“@ Mutator: InversionManipulator Show in Run:

# PopulationSize: 100 )

@ Seed: 0 MName: MuttiAnahyzer (i Eé

=4 Selector; Proportional Selector Breakpoint:

[v] (=] @]

Execution Time:  00:00:00

HeuristicLab Tutorial

http://dev.heuristiclab.com

HeuristicLab

42



TSPAlleleFrequencyAnalyzer r

HeuristicLab

r.‘-:"_ HeuristicLab Optimizer 3.3.3.5837 [Unsaved] . = | = ﬂ‘
File Edit View Services Help
NEH

- Genetic Algorithm - X

Mame: Genetic Algarithm (i) 3

pieagdip &

| Problem | Parameters | Resuits | Runs | Operator Graph | Engine|

Results

b
# EvaluatedSolutions: 33100
v Generations: 1000

8] Best TSP Solution: Path TSP Tour i X .

b TSP AlisleFrequencyAnalyzer Resuts: Rl Detais

% TSFPopulationDiversityAnalyzer Results: il Allele Frequencies: Allele FrequencyCollection

# Cumert BestQuality: 11753 (| Allgles: Alleles
@ CurentAverageQuality: 12056 36 @ Fixed Alleles of Best Known Solution: 17

Allele Frequencies

\ @ CurrertWorstQualiy: 14489 @ Fixed Allsles: 63 BN Aleles of Best Known Solution

@ BestQualiy: 11753 v Lost Alleles of Best Known Solution: 33 ?};; .-igléloflztion Quaiies

. i - . A

# BestKnownQualty: 6110 v Unfque Alleles of Best Known Solution: 37 ) .L«'-.-erzge mpact

# AbsoluteDifference BestKnown ToBest: 5¢ @ Unique Aleles: 325

# RelativeDifferenceBestknown ToBest: 52 |

4] Qualtties: Qualities =

=
& 0.8 z
= ["]
o [i=]
3 @
g 0.6 @
i £
204 g
i o
&£ 02 5
=z
D "
50 100
Allele Index
Il 1 3
N
) (u]) (m] (@) Execution Time: 00:01:02 2315595
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TSPPopulationDiversityAnaly

-
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile

Edit  View  Services Help

NEH

preoqdip &

- Genetic Algorithm

Name: Genetic Algorithm

| Problem | Pajarneters| Resuits | Runs | Operator Graph | Engine|

Results

+ &) &) %) @

@ EvaluatedSolutions: 4159
# Generations: 41
|8 Best TSP Solution: Path TSP Tour
i TSP AlleleFrequencyfnalyzer Results: Re
ﬁ: TSPPopulationDiversityAnalyzer Results:
@ Cument BestQuality: 34603
@ CurentAverageQuality: 38146 03
@ CurentWorstQuality: 41556
# BestQuality: 34603
# BestKnownQuality: 5110
# AbsoluteDifference BestKnown ToBest: 2§
# RelativeDifference BestKnown ToBest: 46|
4] Qualtties: Qualities

[+ & &) ] &

@ Average Average Solution Similarty: 0236725

@ Average Madimum Solution Similarity: 0, 59565

@ Average Minimum Solution Similarity: 0,111307
] Average Minimum,Average,/Maxdmum Solution
4] Minimum,/fverage/Madmum Solution Similariie
|:|Sclution Similarities: Solution Similarties

Details

Solution Similariies
100

Rowr Index

20 40 60 80
Column Index

100

0
Grayscale

(] (w] (=] (@)

Execution Time:  00:00:09.9495691

HeuristicLab Tutorial

http://dev.heuristiclab.com

HL

HeuristicLab

44



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

a f

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] HeuristicLab Optimizer 3.3.3.5837 [Ur

FileJEdM View Services Help File Edit | View | Services Hel
| | Copy To Clipboard ‘ _1 = d Start Page
Il A Convert into User-Defined Algorithm Genel Clipboard
’_ Create Experiment B Operators

1dip

N=me" fHenstir NAanmhm

Name:  Genetic gorthm

*  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

HeuristicLab Tutorial http://dev.heuristiclab.com 45



Building User-Defined Algorithms

HeuristicLab Optimizer 3.3.3.5837

-{} HeursticLab Problems TravelingSalesman 3.3
-{} HeursticLab. Problems. Vehicle Routing 3.3
+-{} HeuristicLab.Random 3.3

E-§} Heursticlab Selection 3.3

----- & BestSelector

----- & Condttional Selector

----- & Crowded Toumament Selector
452 GenderSpecificSelection

----- & LeftReducer

----- & LeftSelector

----- & LinearRankSelector

----- & Merging Reducer

----- 4 NoSameMatesSelector

ég RandomReplacer
----- 4 RandomSelector
452 Replacer

----- & RightChildReducer
..... & RightReducer

..... & RightSelector

----- & ToumamentSelector
452 WorstReplacer

m

----- i WorstSelector

<

1 | +

A guality proportional selection -
operator which comnsiders a single
double guality value for selection.

B=
&) © =

¥ j. : p{_v ResultsCollector

;}: :.E.*; GeneticAlgorithmMainLo ¥}

] lammng|

Details

File Edit View Services Help

Operators ! X | Genetic Algorithm > X
o Available Operators
g \,}‘ Name: Genetic Algorithm (i) =3
o
a
= . - . | Problem I Parameters | Results I Runs | Operator Graph |Global Scope | Engine|

~{} HeursticLab Problems TestFunctions 3.3 -

(2] [u] a] [a]

Execution Time:  00:00:03.5182012
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Building User-Defined Algorithms

.
HeuristicLab Optimizer 3.3.3.5837 N = | B S|
File Edit View Services Help
Genetic Algerithm )/GeneticAlgorithmMainLoop - X
=
_E_' Name: GeneticAlgorthmMainLoop (i) =5
o
g_ Breakpoint: [7]
— Cperator Graph
g BEE BE®E W 3
2 -
El E
fars Conditionalaranch B 9% {eh Compacato S

{ + MergingReducer

{ ] Sulﬁunpﬁl' rOCessor

} S

( L Sulﬁmpﬁl' POCESS0r

} .(v EmptyOperator ) ‘{v EmptyOperator

] | i

‘{ ¢ ChildrenCreator ¥ ¢ UniformSubScopesProces

Details

HeuristicLab
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Programmable Operators

-

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

- [Fla HeunsticLab.Ngoritth-DataJ‘@ 15
[T+ HeuristicLab. Mlgorithms. Datal
|| ][]+ HeuristicLab.Algerithms. Evolu
[T+ HeuristicLab. Algorithms. Genel
[T+ HeuristicLab. Algerithms. Local
[T+ HeuristicLab. Algorithms. NSG#
[T+ HeuristicLab. Algorithms. Offspr
["]43 HeuristicLab. Mlgorithms. Partic
[T]43 HeuristicLab. Algorithms. Simul:
[T]43 HeuristicLab. Mlgorithms. Tabu!
[T]43 HeuristicLab. Mlgorithms. Variat i

L = Lt srimbind b Rnmh min
4 n r

Namespaces

-[J1{} Common

»

m, |

[1{} Operators

-4} Microsoft
-[T1{} CShamp
T4} VisualBasic
-4} Win32

/{ implement custom operatorl

return op.Succes=sor == null ? null : context.CreateOperation (op.Succes
} e

m

L 2

9-- {3} System

DY CadaDam
4 I | *

Ready

powered by #develop .:

File Edit View Services Help
D= d
I Genetic Algerithm ]/GeneticAIgorithmMainLoop/VProgrammahleSingleSuccessor_ - X
=
'E,_,_ Name: Programmable Single SuccessorOperator (i ‘j\:jl
o
E_ Breakpoint: []
P —
HL .
o £ | Not compiled o 0
= = e 12 public class ProgrammableSingleSuccessorOperator {
E;. Assemblies 13 public static I0peration Execute (ProgrammableSingleSuccessorOperator op,
| = | E-{k44 HeuristicLab ALGLIB 1
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Debugging Algorithms

-

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File  Edit

DEH

View  Services

Help

- Genetic Algorithm

Name:

Genetic Algorithm

Is.loqu.laclo & ‘ I pieagdip & ‘

< |

‘i Conditional Branch

n |

 BestAverageWorstQualityAn:

@ Skip Stack

‘% TSPPopulationDiversityAnalyzer

Execution Context Scope
= {} TSPPopulationDiversityAna 2-{} -
‘& Successor =null - # Results = ResultCollection I
0[3 Maximization = False | || | i # Random = Mersenne Twister =
0[3 Solution (TSPTour) =te || | i « EvaluatedSolutions = 2179
0[3 Quality (TSPTourlengtt| || | i W Generations = 21 —
0[3 Results = ResultCollecti=|| | i  MultifnalyzerUpdateCounter = 0
- @ StoreHistory=False | || | = - « BestSolution = PathTSP Tour
- @ Updatelnterval =1 | || | - W AlleleFrequencyfAnalyzerUpdateCo
&[3 UpdateCounter (Popula| || | - « Population Diversity AnalyzerUpdate
E-{} GeneticAlgoithmMainL| || | - @ BestQuality = 36215
----- 9 Successor =null - i CumentBestQuality = 36215
----- 0[3 Random = Mersenr - o CumentAverageQuality = 40812.74
----- ¢ Maximization = Fals - i@ CumentWorstQuality = 45147
----- 0[3 Quality (TSPTourle - o Qualties = Qualties
W Selector = Proportic | | B W Absolute Difference BestKnown ToB
----- ‘9 Crossover = OrderC - i RelativeDifference Bestknown ToBe
< MutationProbabiity | | - @ Teminate = False
----- @ Mutator = Inversion - {} 15 (2+0)
----- :@ Evaluator = TSPRo m-{} 0(2+0)
----- % Hites =1 w3 1(2+0)
----- ¢ MaximumGeneration m-{} 2(2+0)
b %t Resutts = Type mist ™ E-{} 32+0) 2
4l + < | 1 +

Enabled

‘i Condttional Branch

‘W Selector

‘¢ SubScopesProcessor
‘¢ Sub ScopesProcessor
‘% MergingReducer

“ IntCounter

‘W Comparator

‘W Analyzer

‘W Conditional Branch

‘¢ Selector

‘¢ Sub ScopesProcessor
‘% SubScopesProcessor
‘W MergingReducer

“ IntCounter

"4 Comparator

‘W Analyzer

‘W Conditional Branch

‘¢ Selector

‘¢ Sub ScopesProcessor
‘% SubScopesProcessor
‘W MergingReducer

“ IntCounter

1| 111 |

»

m

u) (@] (@)

Execution Time:  00:00:03.5182012
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Agenda

HeuristicLab

* Objectives of the Tutorial

* Introduction

*  Where to get HeuristicLab?

* 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



Demonstration Part Il:
Data'based MOde“ng HeuristicLab

* Introduction

* Regression with HeuristicLab
 Model simplification and export
* Variable relevance analysis

e Classification with HeuristicLab



Introduction to Data-based Modeling

HeuristicLab

* Dataset: Matrix (X; ;) i-1.n, j= 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 r|St|CLa 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



Case Studies

HeuristicLab
* Demonstration 2 :
— problem configuration l | | |
e data import T, y\l. .'|||-|'.1 '“\ :"""“ ..\l,.L.yu|u,.m.".'.h l
. ) | I.I I"‘ll i A
* target variable ] | 'WM“ \WI Al ’WM‘W
* input variables ] !
* data partitions (training and test) ’ i ’
— analysis of results M -
* accuracy metrics 3165
* visualization of model output i

Estimated Values

HeuristicLab Tutorial http://dev.heuristiclab.com 54



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#GECC02012




Linear Regression

* Create new algorithm

4, Simulated Annealing
4, Tabu Search
%, User-Defined Algorithm

2. Open a problem
« inthe Problen

3. Setparameters

e setproblem p Data Analysis
« setalgorithm 4, Cross Validation
4. Run the algorith | | 72 -Means
4, Linear Discriminant Analysis

o click b {Start/f

o waitforthe alf | | FEMEERIEITI

4, Support Vector Classification
5. Check results 4, Support Vector Regression
& checkthe res|

Probl
o clickP (Startif romems

¥ Artfiicial At Problem

Looking for predefined 3 Classification Problem
» checkoutthe san Clustering Problem
Samples Extemal Evaluation Problem
Knapsack Problem
Name

OneMax Problem

%, Variable Neighborhood Search

33358059 Asimulated annealing algorithm

3335809 Atabu search algorthm

3335859 An algorithm which can be defined by the user.
3335830 A varable neighborhood search algorithm. —

™ afile

3405914 Cross Validation wrapper for data analysis algorithms.
3405914 The k-Means clustering algorithm.

3405514 Linear disciminant analysis classification algorithm.
405914 Linear regression data analysis algorithm.

3405914 Support vector machine classfication data analysis alg
3405514 Support vector machine regression data analysis algoril

n still have to be set)

3405869 Representsthe Arificial Ant problem

3405914 A general classfication problem.

3405514 A general clustering problem.

3335809 A problem that is evaluated in a different process.

HL HeuristicLab Optimizer 3.3.3.5837 | = E 28 |
File Edit View Services Help
= =

HL Start Page - X
=]

o - - - -

= || HeuristicLab Qntimizar3 2 3 RR37 -
| =]l Follow these steps to st [Emlizn 2] g

[CRUTES a“if“gom“ MName Version Description &
s click |_1 {New ———————————————————————— =

m

3335809 Represents a Knapsack problem.
3335809 Represerts a OneMax Problem. - |E

#, Evolution Strategy - Gri

%, Genetic Agorthm - T5{ | | i

4, Genetic Algorithm - VR
4, Genetic Programming -

Cancel

<+, Genetic P 10 -
<+, Genetic P 1g - Symbolic R
4, lsland Genetic Algorithm - TSP

#; Local Search - Knapsack

A standard genetic programming algorithm to solve a symbolic regression problem {ower dataset)
An island genetic algorithm which solves the "ch 130" traveling salesman problem (imported from TSPLIE)
Alocal search algorithm that solves a randomly generated Knapsack problem

m

Show Start Page on Startup

L
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Import Data from CSV-File

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

DEH

Start Page)/l_inear Regression ]

Name: Linear Regression

preoqdip &

Problem | Parameters | Results | Runs |

O E

Import from CSV file

4%3 ProblemData: RegressionProblemData

JJJ@

Execution Time:  00:00:00
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Inspect and Configure Dataset

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

m@ﬂ

File Edit View

DEH

Services  Help

Start Page)/l_inear Regression ]

MName: Linear Regression

pieagdip &

Problem | Parameters | Results | Runs |

O E

Mame: Regression Problem

[

Import from CSV file

Parameters
F) |2t |2} | K

OES ProblemData: Data imported from multivaniate [

< m b

Details

Name: ProblemData (i ‘—?:JI
Data Type: |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

MName: Data imported from muttivariate poly-10.csv

Parameters
r| &) ) (X
OESDat = Details
as
%4 InputVariables: ReadOnlyCheckedtemListeSty| ~ Mame: Dataset D =3

@ TargetVariable: x1

Data Type: Dataset
4%, TestPartition: Start: 250, End: 500

4%, Training Partition: Start: 0, End: 250 Value

#| | % | ShowinRun:

Rows: 500 =]
] 1 ¥

Execution Time:  00:00:00
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Inspect Imported Data

HeuristicLéb

HL HeuristicLab Cptimizer 3.3.3.5837

File Edit View Services Help
NEH

Start Page I/Linear Regrasion/VProblemData l

Name: ProblemData

preoqdip &

® =2
Data Type: |RegressionProblemData (RegressionProblemData)
Value

Show in Run:

Name: Data imparted from muttivariate poly-10.cav

© =
Parameters

Dietails

B¥ibles: ReadOnlyCheckedttemList<Str| [l MName: Dataset
# TargetVariable: fix)

&, TestPartition: Start: 250, End: 500 Ve

4, TrainingPartition: Start: 0, End: 250 alue

Data Type: Dataset

# | | % | ShowinRun:
Rows: 500

Columns: 12

x1 x2 x3
0.26... .

0441053
0.04...

0.89...
0.89.. |0.34.

-0.00... |0.50...
nR7
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Set Target Variable

-
HL HeuristicLab Cptimizer 3.3.3.5837

HeuristicLab

File Edit View Services Help
NE

Start Page I/Linear Regrasion/VProblemData l

Name: ProblemData

@ =

preoqdip &

Data Type: |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

MName: Data imparted from muttivariate poly-10.cav

© =
Parameters

¢ 01 6 &
qg F— Details
as
o 3 OniyCheckeditemList<Str Mame: TargetVariable W ‘-="r_‘1|

a0, End: 500
4, TrainingPartition: Start: 0, End: 250

how in Run:

=

fix)
Foo+N{D,0.05)
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elect Input Variables l

HeuristicLab

-

HL HeuristicLab Cptimizer 3.3.3.5837 == g

File Edit View Services Help

D= H

HL Start Page I/Linear Regrasion/VProblemData l - X
=

= Name: ProblemData (i ‘-EJI
o

ﬂci_ Data Type:  |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

MName: Data imparted from muttivariate poly-10.cav (D ._=1\:—’|
Parameters
L [ag] [&
3 ~| &
Details
%Dataset - .
4> InpuitVariables: ReadOnlyCheckedhemList<Sti[AGe yrtlinzhies @ =

# TargetVariable: fix)
&, TestPartition: Start: 250, End: 500 Ve
4, TrainingPartition: Start: 0, End: 250 alue

#| || ShowinRun:

ftems =

Data Type: ReadOnlyCheckedtemList<StingValue>

& 4
& ¢
& ¢
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Configure Training and Test Partitions

HeuristicLab

HeuristicLab Cptimizer 3.3.3.5837

File Edit View Services Help

NEE
Start Page I/Linear Regression/VProblemData l

ON-=

Name: ProblemData

paeagdis

Data Type: |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

MName: Data imparted from muttivariate poly-10.cav

Parameters

0[3 Dataset

0[3 InputVariables: ReadOnlyCheckedtemList<Str
# TargetVariable: fix) Data Type: IntRange
@)TestPart'rtion: Start: 250, End: 500
LA Training Partition: Start: 0, End: 250

Mame: TrainingPartition (1) 25

Value

Show in Bun:
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Run Linear Regression

-

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [E=EE
File Edit View Services Help
NEH
HL Start Page)/l_inear Regression ] - X
=
= Name: Linear Regression (i ‘-Ejl
o
=
Z| | Problem | Parameters | Resuts [ Runs |
=]
Mame: Regression Problem D F
[ Import from CSV file ]
Parameters
r ?T ? l ~
Details
OES ProblemData: Data imported from multivaniate
Name: ProblemData L =3
Data Type: |RegressionProblemData (RegressionProblemData)
Value
Show in Run:
MName: Data imported from muttivariate poly-10.csv (i ‘jr_él
Parameters
Ll A A
¢ 1) &Y [
4 Dataset e
Otg InputVariables: ReadOnhyCheckedtemList <Str
@ TargetVariable: fi)
4%, TestPartition: Start: 250, End: 500
4%, Training Partition: Start: 0, End: 250
] 1 ¥
< m b
Execution Time: | [HESEIXVE
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Inspect Results

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

NEH

Start Page)/l_inear Regression ]

preoqdip &

@ =

Je Linear ion solution: SymbolicR

# Root mean square emor: 0.6322147386853381
i Estimated root mean square emor (cross-validal

Regression Solution

) 6 B (X &

@ Pverage relative emor fest): 2519.5707855105 %
@ Pverage relative emor fraining): 1632.67737047602 %
@ Mean squared emor fest): 0.36473325016430895
@ Mean squared emor training): 0.399695475531476439
Jfe Model: SymbolicRegressionModel
@ ModelDepth: 4
@ ModelLength: 14
@ Pearson'’s R2 ftest): 0.0088302487307643576
& Pearson's R2 training): 0.0529955733364517
0:3 ProblemData: Data imported from multivariate poly-10.csv
RegressionSolution ScatterPlot
@ Regression Solution LineChart
@ Regression Solution EstimatedValues

Execution Time:  00:00:00.0570033
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Inspect Scatterplot of Predicted and Target
Values

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

ion solution: SymbolicR

Je Linearr:

o qus v v e

4 m

i

i Estimated root mean square emor (cross-validal

Details
Regression Solution

) 6 B (X &

@ Pverage relative eror fest): 2519.5707855105
@ Pverage relative emor fraining): 1632.67737047
@ Mean squared emor test): 0.364739220164308
@ Mean squared emor training): 0.399695475514
Jfe Model: SymbolicRegressionModel

@ ModelDepth: 4

@ ModelLength: 14

@ Pearson'’s R2 ftest): 0.0088302487307643576
& Pearson's R2 training): 0.0529955733364517
0:3 ProblemData: Data imported from multivariate pe
@ Regression Solution LineChart

@ Regression Solution EstimatedValues

4 LI 2

Details

Target Values

s All samples + Testsamples

Training samples

3.165

2.1452

o .

1.1254

0.1056

*
*
.
.
.

-1.8934 0.1056 2.1452
08142 1.1254

Estimated Values

-0.9142

-1.934
3.165

File Edit View Services Help
NEH
HL Start Page ) Linear Regression | - X
% MName:  Linear Regression ® 2
2 || [Poblom [ Peramster] Rescts [Furs |

Resuts

=) (1] 03 <

Execution Time:  00:00:00.0570033
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Inspect Linechart

-
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Je Linear ion solution: SymbolicR

# Estimated root mean square emor (cross-validal

Details
Regression Solution

¢ )X @ s

@ Average relative emor fest): 2519 5707855105
@ Average relative emor fraining): 1632 87737047
@ Mean squared emor est): 0.364785280164308
@ Mean squared ermor fraining): 0.399695475814 3
Jfe Model: SymbolicRegressionModel
@ ModelDepth: 4

@ ModelLength: 14 2
@ Pearson’s R2 fest): 0.0088302487307643576
@ Pearson’s R2 fraining): 0.0529955738364517
0:3 ProblemData: Data imported from multivariate pe 1
@ RegressionSolution ScatterPlot

""" RegressionSolution LineChart

@ Regression Solution EstimatedValues

Details

— %)

[=]

4 m 3

SymbolicRegressionSolution

‘raining
Test

4 LI 3

200

File Edit View Services Help
DEd
HL Start Page ) Linear Regression | - X
% Name: Linear Regression (i) 3
2 || [Poblom [ Peramster] Rescts [Furs |
Results
< B E @

Execution Time:  00:00:00.0570033
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Inspect the Model

HeuristicLab
[t Heuristiclab Optimizer 3.3.3.5837 [Unsaved] E=E
File Edit View Services Help

NEd

I Start Page ]/Linear Regrion)/Modell - X

o}

Er Name: [Model] @ =

i Data Type: SymbolicRegressionModel

Value

Result = (ep-x1+c1-x2+co-x3+es-xd+ey-xb+c5-x6+cs-xT+e7-x8+ s -x9 4 cp -x10 + c10)

co= 0.081337
c1= 0.19906
cr= —0.029881
c3= 0.078892
c4= —0.010307
cs= 0.031685
ce = —0.047071
cr = —0.029194
cg = 0.0015768
co= 0.10525
ci0 = 0.020099
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Symbolic Regression with HeuristicLab

HeuristicLab

* Linear regression produced an inaccurate model.

* 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 ~



Symbolic Regression with
H e U FIStIC La 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

Algorithm

#, Genetic Mgorithm - VR
, Genetic Programming -

4, Genetic Programming -

4%, Genetic Programming - Symbolic Regression
4, lsland Genetic Mgorithm - TSP
4, Local Search - Knapsack

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

-
HeuristicLab Optimizer 3.3.3.5837 =@ %= |
File Edit View Services Help
- Start Page - X
[
| HeuristicLab 37
& Follow these stepsto s (soiiznr -
G ErE all.:fllgoril Name Version Description ol
o click L {New i
Algorithms
2. Open a problem Z Euolition
« inthe Problen %, Genetic Algorithm 3.3.35809 A genetic algorthm. afile
a 1=iand Elc Agonthm L.a.0G09 AN Isiand gensuc algonthim. E
& SHENEEITEER %, lsland Offspring Selection Genetic Algorithm 3.3.35809 Anisland offspring selection genetic algorithm. =
* setproblemfl | | o) Search 3335809 Alocal search algorth
« setalgorithm +, Local Sea 3.3 local search algorithm.
& NSGAI 3335809 The Mondominated Sorting Genetic Algorithm Il was int
4. Run the algorithn #, Offspring Selection Genetic Algorithm 3.3.3.5809 An offspring selection genetic algorthm {Affenzeller, M. —
e clickP (Stariff , Particle Swarm Optimization 3.3.3.5941 A paricle swam optimization algorithm based on the de still have to be set)
* waitforthe al 4, SASEGASA 3.3.35809 The self-adaptive segregative genetic algorithm with sir
Z o ) . . .
5. Check results //4 Simulated Annealing 3335809 A simulated annealnjg algorithm. i
s checkthe res| +, Tabu Search 33358059 Atabu search algorithm.
e clickp (Start/k #, User-Defined Algorithm 3335899 An algorthm which can be defined by the user.
4, Viariable Neighborhood Search 3.3.35830 A varable neighborhood search algorithm.
Looking for predefined 3 .
e check outthe sai Data Analysis 52
4, Cross Validation 3405914 Cross Validation wrapper for data analysis algorithms.
Samples #, k-Means 3405914 The k-Means clustering algorithm.
Name 4, Linear Discriminant Analysis 3405914 Lnear disciminant analysis classification algorithm. ol
4, Evolution Strategy - Gri ¥
#, Genetic Mgorithm - TS

m

Show Start Page on Startup
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Create New Symbolic Regression

Problem HL

f hl
HL HeuristicLab Optimizer 3335837 [Unsaved] (= ®] = |
File Edit View Services Help
NEH
/|~ Start Page ) Genetic Algorithm | - X
[}
‘é. Name: Genetic Algortht| <_i_+ Problem M @D =
2| [ prodlem [Parameters [ Red
— : Available Problems
{} HeuristicLab Optimization 3.3
11-{} HeuristicLab Problems.ArtificialAnt 3.4
oy pet, b Deoblome [t Ap-bhooic mobalio oo if o
—--{} HeurnisticLab.Problems.DataAnalysis. Symbolic. Regression 3.4
% Symbolic Regression Problem (single objective)
{} HeuristicLab Problems. Knapsack 3.3
{} HeursticLab Problems OneMax 3.3
{} HeuristicLab Problems Quadratic Assignment 3.3
{} HeuristicLab Problems. TestFunctions 3.3
+ {} HeuristicLab Problems. TravelingSalesman 3.3
- {} HeursticLab Problems. VehicleRouting 3.3
-
(] [m] (@) 0K Cancel Eorm

HeuristicLab Tutorial
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Import Data

r ™
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved] = | = g

File Edit View Services Help

HeuristicLab

NEH
HL Start Page )" Genetic Algorithm | - X
O
T Name: Genetic Algorithm ON==
o

= Prablem | Parameters | Results | Runs | Operator Graph | Engine|

Import from CSV file

+ &1 &Y (%] &)

@ BestKnownQuality: 0

‘& Evaluator: Pearson R Evaluator
Q) FitnessCalculationPartition: Start: 0, End: 250
@ MadimumSymbeolic Expression Tree Depth: &

# Maximum Symbolic Expression Tree Length: 25
0[3 ProblemData: Data imported from muttivarniate [
W Relative NumberOf Evaluated Samples: 100 %
4%3 Symbolic Expression TreeGrammar: TypeCohere

4, ValidationPartition: Start: 0, End: 0

n) (m] (@) Execution Time: 00:00:00
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Inspect Data and Configure Dataset HL

HeuristicLab
-
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved] = | = g

File Edit View Services Help

ja ="
/1|~ Start Page ) Genetic Algorithm | - X
=
10,34 Name: Genetic Algorithm (i) Laé
=

Prablem | Parameters I Results I Rurs | Operator Graph I Engine|

MName: Symbolic Regression Problem (single objective) (i n_?__él

Import from CSV file ]

Parameters

1 A

¢ BestknownQuality: 0

“ Evaluator: Pearson R? Evaluator Name: ProblemData
Q) FitnessCalculationPartition: Start: 0, End: 250

# MadmumSymbolicExpression TreeDepth: 8

@ Maxdimum SymbaolicExpression TreeLength: 25 Value
< [T a—r————
# RelativeMumberCfEvaluatedSamples: 100 %
qg SymbolicExpression TreeGrammar: TypeCohere Name: Data imported from muttivariate poly-10.csv
%ValidationPartiticn: Start: 0, End: 0 Parameters

r A
% Dataset
0:3 InputVariables: ReadOnlyCheckeditemList<Str
& TargetVaniable: x1
Q)TestF‘art'rtion: Start: 250, End: 500
Q)TlainingPart'rtion: Start: 0. End: 250

Details

@ 3

Data Type:  |RegressionProblemData (RegressionProblemData)

Execution Time:  00:00:00
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et Target and Input Variables

HeuristicLab Cptimizer 3.3.3.5837

HeuristicLab

File Edit View Services Help
Start Page ]/GeneticAlgorithm/VProhlem[}ata]

Name: ProblemData

paeagdis

Data Type: |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

Name: Data imparted from muttivariate poly-10.cav

Parameters

0[3 Dataset
4> InpuitVariables: ReadOnlyCheckedhemList<Sti[AGe yrtlinzhies
# TargetVariable: fix)
@)TestPart'rtion: Start: 250, End: 500
4, TrainingPartition: Start: 0, End: 250 e

& | | A | Showin Run:

ftems

Details

Data Type: ReadOnlyCheckedtemList<StingValue>

¥ @ x1
V] @x2
¥ @
] @ w4
V] @ x5
V] @6

W7
W8
@ x9
@ x10
[C] @ e
[C] @ fec+N(0.0.05)
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Configure Maximal Model Depth and

Length

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File  Edit View Services Help

NEH
HL Start Page )" Genetic Algorithm | - X
[}
g Name: Genetic Algorithm (i) ‘j\:'il
o

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

=

“% Evaluator: Pearson R2 Evaluator
< — _, ] < T

@ MaximumSymbolic Expression Tree Depth: 10

oo

 Relative NumberOf Evaluated Samples: 100 %

Q) ValidationPartition: Start: 0, End: 0

# Maximum Symbelic Expression TreeLength: 100

0[3 SymbolicExpression TreeGrammar: TypeCohere

Name: Symbolic Regression Problem (single objective) )] -='\-_i’|
[ Impart from CSV file ]
Parameters
v (B (BY) [x
- Details
W BestKnownQuality: 0
Name: Maxdmum SymbolicExpression TreeLength 1 =3

Data Type:  IntValue

Value

JJJ@

Execution Time:  00:00:00

HeuristicLab
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Configure Function Set (Grammar) |~

HeuristicLab

-
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved] = | = g

File Edit View Services Help

NEH
HL Start Page )" Genetic Algorithm | - X
o
@ MName: Genetic Algorithm 0] ‘-EJI
o

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

Mame: Symbolic Regression Problem (single objective) (i -_=l\._=’|
[ Import from CSV file ]
Parameters
:
- Details
W BestKnownQuality: 0
Name: Symbolic Expression TreeGrammar (i n_?:-’,

‘& Evaluator: Pearson R Evaluator
Q) FitnessCalculationParttion: Start: 0, End: 250 Data Type:  |SymbolicDataAnalysisGrammar (TypeCoherent ExpressionGrammar)
# MaximumSymbolic Expression Tree Depth: 10

 Maximum Symbolic Expression Tree Length: 100
0[3 ProblemData: Data imported from muttivarniate [ Show in Run:
W Relative NumberOf Evaluated Samples: 100 %

OES SymbalicExpression TreeGrammar: TypeCoherg Name: TypeCoherentExpressionGrammar

4, ValidationPartition: Start: 0, End: 0

Value

ftems

F| ||| 8] X

<>[3 Addition

% Subtraction
% Multiplication
% Division

| 0[3 Average

| 0[3 Sine

] 0[3 Cosine

] -] @ Execution Time:  00:00:00
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Configure Function Set (Grammar)

HeuristicLab Cptimizer 3.3.3.5837

= | S

File Edit View Services Help
="

Start Page ]/GeneticAlgorithm/VSymbolicExpressionTreeGram_ l

Name: Symbolic Expression TreeGrammar

paeagdis

Data Type:  |SymbolicDatafAnalysisGrammar (TypeCoherent ExpressionGrammar)

Value

Show in Run:

Name: TypeCoherent ExpressionGrammar

Md'rtion

<>[3 Subtraction 2 Addition
<>[g Mutipiication Initial frequency: 1

% Division
[} % Average
|:| 0[3 Sine

[ 0[3 Cosine

] 0[3 Tangent
= <>[3 Logarithm
] <>[3 Power

[C] %4 Root

0 <%$ Exponertial
[ % fThenElse
[ 0[3 GreaterThan
[ 0[3 LessThan
[C1 %3 And

] <>[3 Or

[T %% Net

[ % Timelag
= % Integral

[ % Derivative
“t% Constant
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Configure Algorithm Parameters

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

[E=EER)

File Edit View Services Help

DEH

Start Page } Genetic Algorithm |

Name: Genetic Algorithm

pieagdip &

@ =

Details
Hame: Mutation Probability

‘i Analyzer: MultiAnalyzer

“ Crossover: SubtreeCrossover
':’ Biites: 1 Dats Type:  PercentValue
@ MadmumGenerations: 1000
[ J MutationProbability: 15 % Value

& Mutator: nul Show in Run:
# PopulationSize: 1000

# Seed: 1128385197 Value:  [15%

‘¢ Selector: Proportional Selector
¥ SetSeedRandomly: True

Execution Time:  00:00:00
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Configure Mutation Op

-

erator

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

[E=EER)

File Edit View

Services  Help

DEH

preoqdip &

Start Page )" Genetic Algorithm |

MName: Genetic Algorithm

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

@ =

Parameters

¢ 1) &Y X

‘i Analyzer: MultiAnalyzer
“ Crossover: SubtreeCrossover
# Hites: 1

W MutationProbahility: 15 %

=@ Mutator: nul

¥ Seed: 1128385197

‘¢ Selector: Proportional Selector
¥ SetSeedRandomly: True

Details
Name: Mutator

Data Type:  IManipulator

ArgumentCreater
Argument Deleter
Argument Duplicater
ChangeNode TypeManipulation
Full Tree Shaker
Mutti Symbali

ression Treefrchitecture Manipulator
Multi Symbalic Expression TreeManipulatar

CnePoirt Shaker

ReplaceBranchManipulation

SubroutineCreater

Subroutine Deleter

Subroutine Duplicater

:

ORE=!

JJJ@

Execution Time:  00:00:00
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Configure Selection Operator HL

HeuristicLéb

-

~
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved] = | = g

File Edit View Services Help

DEH

HL Start Page )" Genetic Algorithm | - X
o
= Name: Genetic Algorithm (i) 3
o
Z

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

Parameters

1 A
‘i Analyzer: MultiAnalyzer
4 Crossover: SubtreeCrossover Name: Selector ® =5
# Hites: 1

# MaxmumGenerations: 1000
W MutationProbahility: 15 %
‘i Mutator: null [PmpmmdSaledm' i :
# PopulationSize: 1000 Best Selector

GenderSpecificSelection ( ‘-a\-_‘il
Selector: ProportionalSelector

Details

Data Type:  |Selector (ProportionalSelector)

LinearRankSelector

MoSameMatesSelector
Proportional Selector
RandomSelector
Worst Selector

0[3 Maximization
@ NumberQfSelected SubScopes: 1998
¥ Windowing: True

] -] @ Execution Time:  00:00:00
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Configure Tournament Group Size |~

HeuristicLab

[ ESE™)

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

DEH

Start Page } Genetic Algorithm | - X
@ =

Name: Genetic Algorithm
Problem | Parameters | Results | Runs | Operator Graph | Engine|

Parameters

:

‘i Analyzer: MultiAnalyzer

“ Crossover: SubtreeCrossover
¥ Hites: 1 Data Type:  1Selector (Toumament Selector)
# MaxmumGenerations: 1000
W MutationProbahility: 15 %
‘i Mutator: MultiSymbolic Expression TreeManipulz
# PopulationSize: 1000 i .
# Seed: 339777619 MName: Toumament Selector (i) ._E
=9 Selector: ToumamentSelector Breakpoint: [

¥ SetSeedRandomly: True Parameters

| (A A

i
¥ CopySelected: True .
‘ Name: GroupSize o=
O[g Mapdmization Actuzl Name:  GroupSize

# NumberOfSelected SubScopes: 1998

pieagdip &

Details
Name: Selector

ORE=!

[ToumamentSelector Ehow in Run:

Details

IntValue

< m |

Execution Time:  00:00:00
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Start Algorithm an

d Inspect Results

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

S

paeogdiy

File Edit View Services Help

i ="

Start Page/VGeneﬁcAIgori'lhm ]

Hame: Genetic Algorithm

Results

¢ a0 ) (<) (=

Problem | Parameters | Results | Runs OpeﬁltorGlElphlEngine|

W 5

# EvaluatedSolutions: 2398

¥ Generations: 2

] Symbol frequencies: Symbal frequencies
| Variable frequencies: Variable frequencies
6}[g‘u’arizlllee impacts: [[0.111346658657986][0.11(
4| Symbolic expression tree length: Values
Jf Best training solution: SymbolicFRegressionSalu
& Best training solution quality: 0.439120064457
# CurmentBestQuality: 0.43912006445703716
@ CumentAverageQuality: 0.0401372471497722
W CumentWorstQuality: 0

# BestQuality: 0.439512006445703716

# BestKnownQuality: 0

# AbsoluteDifference BestKnownToBest: 0.4391;
# RelativeDifferenceBestKnown ToBest: NaN
| Qualties: Qualities

Execution Time:  00:00:11.8136757
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Inspect Quality Chart

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File  Edit
NEE
Start Page)/ﬁeneﬁcﬁlgorithm l

View  Services Help

Name: Genetic Algorithm

ON-=

paeagdis

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

Results

¢ 1) ) (%)

# EvaluatedSolutions: 12988
# Generations: 12
| Symbol frequencies: Symbal frequencies
| Variable frequencies: Vanable frequencies
0[3 Variable impacts: [[0.169007866176351][0.15"
] Symbolic expression tree length: Values
Je Best training solution: Symbolic RegressionSolu
# Best training solution quality: 0643049236747,
@ Curent BestQuality: 0.64304923674723369
i CumentAverageQuality: 0.3218417543298288
o CurentWorstQuality: 0
# BestQuality: 0.64304923674723369
@ BestKnownQuality: 0
@ BbsoluteDifference BestKnown ToBest: 06430
# RelativeDifferenceBestknown ToBest: NaN

= Qualities: Qualities

« [om | b

Details

MName:  Qualties

Qualities

—— CurrentBestQuality
CurrentdverageQuality

— CurrentWorstQuality —— BestQuality BestknownQuality

0.8t

061

0.2+

») () (@] (@

Execution Time:  00:00:34 4149684
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Inspect Best Model on Training Partition

-

.
Hl HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (=] B i)

File Edit View Services Help

DEd
HL Start Page } Genetic Algorithm | - X
=
= Name: Genetic Algorithm (i ..é
o

a

| Problem | Palarneters| Results | Runs | Operator Graph | Engine|

Results

¢ 1) &Y X

¥ EvaluatedSolutions: 28572 e e
# Generations: 28 ression Solution

1~ Symbol frequencies: Symbal frequencies i ~

|| Variable frequencies: Variable frequencies Details

% Variable impacts: [[0.190574222614998][0.17 @ Average relative ermor fiest): 354.48394152378¢
i L= N . i - @ Average relative emor fraining): 336.30611600¢

s All samples + Testsamples

¥ Mean squared emor test): 0.164930318235415 Training samples
@ Mean squared emor training): 0141423207746
S Model: SymbolicRegressionModel 3165
@ ModelDepth: 13
@ ModelLength: 71
@ Pearsor’s R2 fest): 0.50093645095506758 2.1452
@ Pearson's R2 training): 0.66432389330895156

@ CumentBestQuality: 0.664923893208352

i CumentAverageQuality: 0.3973517188219438
o CurentWorstQuality: 0

@ BestQuality: 0.664923893808952

@ BestKnownQuality: 0

# AbsoluteDifference BestKnown ToBest: 0.6649;
# RelativeDifference Bestknown ToBest: NaN
A Qualities: Gualties

0:3 ProblemData: Data imported from multivariate pe
@ RegressionSolution ScatterPlot

@ Regression Solution LineChart

@ Regression Solution EstimatedValues

1.1254

0.1056

Target Values

-0.9142

-1.934
-1.934 0.1056 21452

08142 1.1254 3.165
Estimated Values

LT r

») () (@] (@ Execution Time: 00:01-17 4564302
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Inspect Linechart of Best Model on Training HL

Partition HeuristicLab
r'—f' Heuristi ptim .3.3.5837 [Unsaved] E@gﬂ
iew Ip
4 ithm )} RegressionSolution LineChart | - X
=
— flx) bolicRegressionSolution
3+ o =
g =
|
T
N { m |
|
il ol |
Db gl

M Il
il

!n

|Ih l | | il I ’
r\ ',‘. \ l/ I|‘ | ”1/ Ji | u ‘ ||” .~J WH‘ ”IH l“ ‘”hi/ || \)H ‘If

dil |4 ‘ WLt M 1 \\' ,W

D

i
ary
|
T
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Inspect Structure of Best Model on Training

Partition

HeuristicLab
-
HeuristicLab Optimizer 3.3.3,5837 [Unsaved] B -

File Edit View Services Help
::J Lj ’

Start Page ]/GeneticAlgorithm/VModell - X
[
T teme  TEE ® =
o
ﬂci_ Data Type:  SymbolicRegressionModel

Value

86
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Model Simplification and Export

HeuristicLab

* Demonstration
— automatic simplification

— visualization of node impacts

— manual simplification
* online update of results

— model export
* MATLAB
| 26(t) - 25(2) - eq + w4(t) - 23(t) - c7 + 24(2) - 23(2) - ey + o 1
PY LaTeX cd(t) - x3(t) - ((‘144'-1(?) + epgzs(t) + —zm) e18

Result =zd(t) - 3(t) - egq (13)
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Detailed Model Analysis and

Simplification

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File  Edit
f 25 &

Start Page)/{ieneticﬂlgorithm ]

View  Services Help

MName: Genetic Algorithm

paeagdis

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

(ON-=

# EvaluatedSclutions: 23971

# Generations: 29
4 Symbol frequencies: Symbaol frequencies
|| Variable frequencies: Varable frequencies

] Symbolic expression tree length: Values
Je Best training solution: Symbolic RegressionSolu
# Best training solution quality: 0663242537514
@ CumentBestQuality: 0.6632425375144686
@ CurentAverageQuality: 0.3357092569770033
i CurentWorstQuality: 0
¢ BestQuality: 0.6632425375144686
 BestKnownQuality: 0
# AbsoluteDifference BestKnown ToBest: 0.6632.
# RelativeDifference Bestknown ToBest: NaN
4 Qualties: Qualties

Details

Regression Solution

D EE X B

Details

@ Pverage relative emor fest): 425.61832269187
~:J Average relative emor fraining): 274.102484382 « Al samples .
# Mean squared emor test): 0.168023134875681 Training samples
@ Mean squared emor training): 0142132845933
Jfee Model: SymbolicRegressionModel 3165
# ModelDepth: 11
@ ModelLength: 49
@ Pearson's 2 fest): 0.49089842084720781 21452
@ Pearson’s R2 fraining): 0.66324253751446971 w
% ProblemData: Data imported from multivariate pe z 11254
@ RegressionSalution ScatterPlat E )
|ﬂ RegressionSolution LineChart o
RegressionSolution EstimatedValues E 0.1056
-0.9142
-1.534
-1.834 0.1056 2.1452
09142 1.1254 3.165
Estimated Values
f] T 3

») () (@] (@

Execution Time:  00:01:00.4074551

HeuristicLab Tutorial

http://dev.heuristiclab.com

HeuristicLab

88



Symbolic Simplification and Node

Impacts

7

Multiplication,
Subtraction
- ubtrac
ubtracti!
on

ffubtract

fultiplic

ation

o Average relative emor fest); 473.618715910248 %
 Average relative emor fraining): 245.090731502651 °
W Mean squared emor frest): 0.163506091453717

@ Mean squared emor fraining): 0.1415653913306669
Jfe Model: SymbolicRegressionModel

¥ ModelDepth: 12

# Modellength: 53

Mlultipli| Mlultipli| Blultipli’
cation cation cation

 Pearson’s R fest): 0.50347666934730766
 Pearson’s R? fraining): 0.66458559454272514
<‘$[3 ProblemData: Data imported from multivariate poly-10
ﬂ Regression Solution ScatterPlot
@ Regression Solution LineChart
@ RegressionSolution EstimatedValues

Addition
5

Addition
Mode impact: -0.00166473209841678
Replacement value: 26.3974611821139

EEI e R
=0 | [-00] [200] | +0

[ Simplify

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] =NACH X
File Edit View  Services Help
DNE H
Start Page ]/Genetic)\lgorithm)/lnteraclive Regression Solutio... - X
% Simplify Details
g Regression Solution =
a

HeuristicLab
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Manual Simplification

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

9.
1

o Average relative emor fest); 497.347029771583 %
W Average relative emor fraining): 210.827113981827 °
i

@ Mean squared emor fest): 0.16222671796236908

@ Mean squared emor fraining): 0.1407763050506841°
Jfe Model: SymbolicRegressionModel

@ ModelDepth: 11

# ModelLength: 41

# Pearson’s R® fest): 0.50720401737421239
 Pearson’s R? fraining): 0.66645660957240819
<‘$[3 ProblemData: Data imported from multivariate poly-10
|1ij, Regression Solution ScatterPlot

@ Regression Solution LineChart

@ RegressionSolution EstimatedValues

N

[

Subtraction

Addition

Tultiplicati’ 3
on
L ENE
0ZE -
+000]| 001
x4

click nodes

Simplify

File Edit View  Services Help
hEd
Start Page ]/Genetic)\lgorithm)/lnteraclive Regression Solutio... - X
O
g Simplify Details
] Regression Solution ‘-E
o

HeuristicL
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Automatic Symbolic Simplification

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

= [ B S |

File  Edit

DEH

View  Services Help

Simplify

paeagdis

MMultiplication) (MMultiplication) (Multiplication
H ) gg
E+ EQ E0||E

i

Start Page ]/Genetic)\lgorithm)/lnteraclive Regression Solutio...

3.0083
EH00
x2

1.0000
E+I00

Details
Regression Solution

o Average relative emor fest); 497.347029771588 %
W Average relative emor fraining): 210.827113981827 °
@ Mean squared emor fest): 0.16222671796236908

@ Mean squared emor fraining): 0.1407763050506841°
Jfe Model: SymbolicRegressionModel

@ ModelDepth: 10

# Modellength: 34

# Pearson’s R® fest): 0.50720401737421206
 Pearson’s R? fraining): 0.666456609597240852
<‘$[3 ProblemData: Data imported from multivariate poly-10
@ Regression Solution ScatterPlot

@ Regression Solution LineChart

@ RegressionSolution EstimatedValues

5
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Textual Representations Are Also
Available

* Use ViewHost to switch to textual representation view.

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

=nRch x|

File Edit View Services Help
nEd
Start Page ]/Linear Regre;;ion)/Modell

paeogdin

Name: [Model]

Data Type:  SymbolicRegressionModel

Value

Namedltem View

I SymbolicDataAnalysisModel TextualRepresentation

SymbolicDataAnalysisModel GraphicalRepresentation

HeuristicLab Tutorial http://dev.heuristiclab.com
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Default Textual Representation for
IVIOdel Export HeuristicLab

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] =NACH X
File Edit View Services Help
DNE H
Start Page ]/Linear Regression)/ModeI] - X
Name: Model (D =3

paeagdis

Data Type: SymbolicRegressionModel

Value

Formatter: [Default String Formatter

(ProgramRoot Symbal
(Start Symbaol
(Addition

(8.1337E-002x1)
(1.9906E-0012)
(-2.5881E-002 x3)
(7.8892E-002 x4)
(-1.0307E-002 x5)
(3.1685E-002 x6)
(4. 7071E002 x7)
(-2.5154E-002 <8)
(1.5768E-003 x39)
(1.0525E-001x10)
(2.0099E-002)
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Textual Representation for Export
tO LaTeX HeuristicLa.b

HeuristicLab Optimizer 3.3.2,5837 [Unsaved] = | B -

File Edit View  Services Help
NEd
Start Page ]/Linear Regression)/ModeI] - X

Name: Model (D =3
Data Type: SymbolicRegressionModel

paeagdis

Value

[ Formater. | LaTex Simg Fomatier aE=l

% r'|eed{:I \us}epackage{amsrnath} -~
“begin{align

Result & = “eft{ c_{0}x18) + c_{1} x28) + c_{2} x34) + c_{3}xdit) = c_{4} x58) + c_{5} x64) + c_{B =7ty = c_{7} x20) + c_{8) x08) + c_{9} x108) + c_{10} ‘right) "
c_{0} & = 0.0813371220642195\\

c_{1} & = 0.199055016563887\\

c_{2} & = -0.0298811744629839%\

c_{3} &=0.078891883541302\\

c_{4} & = 0.01030652733662234

c_{5} & = 0.0316845536396099\\

c_{6} & = -0.0470707585925129%\

c_{7} & = -0.0291939124032144%\

c_{8} & = 0.00157679665070775\

c_{3}&=ﬂ.105250443656€??\\ Result = (caxrl(t) + e1x2(t) 4+ caz3(t) 4+ caxd(t) + cax5(t) + caxb(t) + cexT(t) + czx8(t) + cxx(t) 4+ cox10(t) 4 c10)

c_{10} & = 0.0200987846293256 (1)

\end{align} co = 0.0813371220642195 (2)
ey = 0.199055016563887 (3)
c2 = —0.0208811744629830 (4)
cy = 0LOTSSO1883541302 (5)
Ca = 0.0103065273366223 (6)
ey = 0.03168495363960099 (7)
Cq 0.0470707585925129 (%)
cr = —0.0291939124032144 (9)
cy = 0O01I5T6TI6650T0TTS (10}
co = 0.105250443686677T (1)
cra = 0.0200087846293256 (12)

HeuristicLab Tutorial http://dev.heuristiclab.com 94



LaTeX Export

-
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved] = [ = g

File Edit View Services Help

HeuristicLab

NE
I Start Page ]/GeneticAlgori‘thm ]/Interactive Regression Solution S.../VModel l - X
'r'ﬁ Mame: Maodel i) =3
% Data Type:  SymbolicRegressionModel
T Walue
Formatter: [LaTeX String Formatter V] ‘-ar_él
% needs ‘usepackage famsmath} -~
‘begin{align}

Resutt & = “eft(c_{0} x44) \edot c_{1}x34) ‘cdot “eft{c_{2} x6it) ‘odot c_{3}x54) edot c_{4} +c_{5}xdt) ‘edot c_{B} x3t) ‘edot c_{7} +c_{8Fx4¢t) \cdot c_{9} x3¢) ‘cdot

c_{10} + ‘efracc_{11}x18) H \cfrac{ c_{12} x48) \edot c_{13} x34) ‘edot \eft{c_{14} x44) + c_{15} x58) + ‘“efrac{c_{16} H \efrac{c_{17}x28)} {1} } ‘right) “edot c_{18}

O ¥ +c_{19} “ight) “cdot c_{207 +¢_{217 \nght) \\

c_{4} & =-1.57302367616477\\,

c_{7} & =-0.867137925013337\

c_{10} & =-0.867137925013337\

c_{11} & =1.27519978915975\\

c_{14} & = 0.017064976517355\\ Result =z4(t) - z3(t) « cgq (13)
c_{15} & = 0.00314376985160885\\

c_{17} & =-3.00832012161288\\

;:ﬂgig:%ﬁ1BM1gé?\\\\ 26(t) - o5(t) - cq + TA(L) - 3(t) - cp + wA(t) - 23(t) - 10 + c11=1(%) +cyg | + ea1
c_&D}&:ﬂ.M&BBDm?EEMS\\ xd(t) - x3(t) - (c1414(f) + e1525(t) + m) 18
c_{21} & = -0.0465339907207764 1114
\end{align} e
| c4 = —1.57302367616477 (15)
c7 = —0.867137925013337 (16)
c1p = —0.867137925013337 an
¢y = 1.27519978915975 (18)
c14 = —0.017064976517855 (19)
c1p5 = 0.00314376988160885 (20)
17 = —3.00832012161288 (21)
c1g = 0.867137925013337 (22)
c1g = —5.45190909899249 23
cog = —0.204498330755849 (24)
o1 = —0.0465339907207764 (25)
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Variable Relevance Analysis

HeuristicLab

* Which variables are important to predict classes correctly?

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

Variable frequencies

— 5 ¥ — ] — 8 x10 — X3 —xb —x1 — B
047
— e
_——“"r—l‘_'/
P ~ ¥ X =18\
S 03} _—
=]
o
Lt
= /
@
2 02¢ o A
S ) <
[ s —
= N T '
% 9-1'="'l:___-?*-='“c____*'.-*'"'_—'fj;:__—_._,n
i T T T
< S )
——— e —
0 —
0 5 10 15 20
Generation

HeuristicLab Tutorial http://dev.heuristiclab.com

xd

x1

x«10

x6
x5

&

Relative varable relevance
0.302303369106054
0.241170172585569
0.179112365714678
0.0589664715245172
0.0544635184742382
0.0446774403657857
0.0436011597048278
0.0331173602974243
0.0226252246461621
0.01546242773034
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Inspect Variable Frequency Chart

.
HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [E=EER

File  Edit View Services Help

HeuristicLab

) 25 &
Start Page)/Geneﬁcﬁlgorithm l - X
o
T Name: Genetic Algorithm D =5
=]
a

| Problem | F‘arclmeiefs| Results |Huns IOpecator Graph | Enginel
Results

¥ EvaluatedSolutions: 20380
@ Generations: 20 Mame:  Varable frequencies D 5
| Symbol frequencies: Symbol frequencies
Variable frequencies
Otg Variable impacts: [[0.243445561275645][0.18(
| Symbolic expression tree length: Values — x5 x2 =——x] =—x5 x10 =——xd ¥} =——xf ——x1 =——xi
f Best training solution: SymbolicRegression Solu
& Best training solution quality: 0.475447314181) 04+
@ CurentBestQuality: 0.47544731418103325
 CurrentAverageQuality: 0.2394059057291435
W CurrentWorstQuality: O

@ BestQuality: 0.47544731418103925
@ BestKnownQuality: 0

@ AbsoluteDifferenceBestKnown ToBest: 0.4754.
 Relative DifferenceBestKnown ToBest: NaN
4 Qualities: Qualities

Details

x4 X =18, ¥ = 0.375301495417:

=
[

=]

Relative Variable Frequency
o
i

0 5 10 15 20

Generation

Execution Time:  00:00:43.3314784
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Inspect Variable Impacts

HL HeuristicLab Optimizer 3.3.3,5837 [Unsaved] [E=EER)

File  Edit View Services Help
hEd
Start Page )" Genetic Algorithm | - X

HeuristicLab

Name: Genetic Algorithm L =

| Problem | Paramters | Results | Runs | Operator Graph | Engine |
Results

# EvaluatedSolutions: 43957
¥ Generations: 43 Rows: 10 %
] Symbol frequencies: Symbal frequencies Columns: 1
| Variable frequencies: Variable frequencies
4 Variable impacts: [[[ D6054]
| Symbolic expression tree length: Values
f Best training solution: SymbolicRegression Solu

[ preoqdip E |

D. 054
0.241170172985569

@ Best training solution qualty: 0.500629316831, x3
 CumentBestQuality: 0.50052931683180834 x1 0.179112369714678
 CurmentAverageQuality: 0.2875027821157774 10 0.0589664719249172

@ CurmentWorstQuality: 0

x2 0.0544635184742382
¥ BestQuality: 0.50062931633180834
¥ BestKnownQuality: 0 i 0.0446774403657837
@ AbsoluteDifferenceBestKnown ToBest: 05005 xB 0.0436011557048278
¥ RelativeDifferenceBestKnown ToBest: NaN 7 0.0331173502574243
A Qualities: Qualiies
x5 0.0226252246461621

0.01946242278034

4 [l b
[I] Execution Time:  00:01:30.9862041
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Inspect Symbol Frequencies

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File  Edit
DEH
Start Page)/ﬁeneﬁcﬁlgorithm l

View  Services Help

Name: Genetic Algorithm

paeagdis

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

ON-=

Results

¢ 1) ) (%)

# EvaluatedSalutions: 44356
# Generations: 44
| Variable frequencies: Vanable frequencies
0[3 Variable impacts: [[0.303671571064476][0.24:
] Symbolic expression tree length: Values
Je Best training solution: Symbolic RegressionSolu
# Best training solution quality: 0.501374825356
# Cument BestQuality: 0.501374825356543
i CumentAverageQuality: 0.3003025078371567,
o CurentWorstQuality: 0
# BestQuality: 0.501374825356543
@ BestKnownQuality: 0
# AbsoluteDifference BestKnown ToBest: 0.5013
# RelativeDifference Bestknown ToBest: NaN
4 Qualties: Qualties

« [ om | r

Details

MName: Symbol frequencies

Symbol frequencies

— ProgramRootSymbol
StartSymbol

Addition
— Division

= Multiplication Constant = Subtraction

— Variable

03571

Constant X = 21, Y = 0.3126176270372 ]

Relative Symbaol Frequency

0 10 20 30 40

(2] [u]{a] (@]

Execution Time:  00:01:33.5963534
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Classification with HeuristicLab

* Symbolic classification
— evolve discriminating function using GP

— find thresholds to assign classes

e Demonstration

— real world medical application

— model accuracy

— visualization of model output
* discriminating function output

* ROC-curve

e confusion matrix

HeuristicLab Tutorial

http://dev.heuristiclab.com

HeuristicLab
é‘: D.S lll‘a.llll "ll-. l' " el

Actual Class 0 Actual Class 1

Predicted Class 0 157 29
Predicted Class 1 64 190
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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#GECC02012




Open Sample

HeuristicLab Optimizer 3.3.3.5837

Eile Edit View Services Help
NSk
- Start Page

HeuristicLab Optimizer 3.3.3.5837

Follow these steps to start working with HeuristicLab Optimizer:

pieagdis

1. Open an algorithm
o click L {Mew Item) in the toolbar and select an algorithm or cIicij (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 a {Mew Problem) and select a problem or cIicij {Open Problem) and load a problem from a file

3. Setparameters
& setproblem parameters in the Problem tab of the algorithm
» setalgorithm parameters in the Parameters tab of the algorithm

4. Run the algorithm

o 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

e checkthe results on the Results tab of the algorithm

« clickk (StartResume 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

« clickk (StartResume Algorithm) to execute the algorithm (if the button is grayed out some parameters ofthe algorithm or the problem still have to be set)

»

m

Genetic Programming - Symbolic Classfication A standard genetic programming algorithm to solve a classification problem (Mammographic+Mass datasst)
#, Genetic Programming - Symbolic Regression A standard genetic programming algerithm to slve a symbolic regression problem fower dataset)
4, lsland Genetic Mlgorithm - TSP An island genetic algorthm which solves the "ch130" traveling salesman problem (imported from TSPLIB)
#, Local Search - Knapsack Alocal search algorthm that solves a randomly generated Knapsack problem

Samples

Name Description =
-/)_, Evolution Strategy - Griewank 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 algorithm which solves the "C101" vehicle routing problem {mported from Solomon) =
4, Genetic Programming - Artificial Ant A standard genetic programming algorithm to solve the artificial ant problem (Santa-Fe trail)

Show Start Page on Startup

HeuristicLab Tutorial http://dev.heuristiclab.com
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Configure and

Run Algorithm

[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = | B ||
File Edit View Services Help
DEH
Start Page } Genetic Algorithm | - X
=
_‘8_' Name: Genetic Algorithm ON==|
2 Problem | Parameters | Results | Runs | Operator Graph | Engine|
D =
Hame: Symbolic Classification Problem (single objective) OR=]
[ Import from CSV file ]
Parameters

s =

@ BestKnownQuality: 0

¥ Evaluator: Mean squared emor Evaluator

Q) FitnessCalculationPartition: Start: 0, End: 480
@ MadimumSymbeolic Expression Tree Depth: &

# Maximum Symbolic Expression Tree Length: 25
0[3 ProblemData: Data imported from mammograpt
W Relative NumberOf Evaluated Samples: 100 %
4%3 Symbolic Expression TreeGrammar: TypeCohere
4, ValidationPartition: Start: 0, End: 0

Execution Time:  00:00:00

HeuristicLab
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Inspect Quality Linechart

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit
NEE

Start Page)/ﬁeneﬁcﬁlgorithm l

View  Services Help

Name: Genetic Algorithm

paeagdis

[————]
[Provlen | Paanetal]| Fesls |

ns | Operator Graph | Engine|

ON-=

Results

# EvaluatedSolutions: 12988

# Generations: 12
| Symbol frequencies: Symbal frequencies
| Variable frequencies: Vanable frequencies
4% Variable impacts: [[0.297264560981191][0.231200323504
] Symbolic expression tree length: Values
J Best training solution: Symbolic Discriminant FunctionClassfi
# Best training solution quality: 0.16354627161583693
@ CurentBestQuality: 0.16354627161583693

i CumentAverageQuality: 6.7735804386331877

# CumrentWorstQuality: 105.13216269315159

# BestQuality: 0.16354627161583693

@ BestKnownQuality: 0

# AbsoluteDifference BestKnown ToBest: 0.16354627161582
# RelativeDifference BestKnown ToBest: NaN

= Qualities: Qualities

4| m 3

Details

MName:  Qualties

—— CurrentBestQuality
CurrentfverageQuality

1204

801

60+

401

204

100

Qualities

= CurrentWworstQuality
—— BestQuality

BestknownQuality

») () (@] (@

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

HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

=aaey X

(2] [u]{a] (@]

File Edit View Services Help
NEH
Start Page)/ﬁeneﬁcﬁlgorithm l - X
=
= Name: Genetic Algorithm (D) 5
o
=
a | Problem | Parameters | Resutts | Runs | Operator Graph | Engine|
Results
A A
¢ B0 @Y (> &
- Details
# EvaluatedSolutions: 38562
¢ G‘;::mtion: 3:”5 Data Analysis Solution =
| Symbol frequencies: Symbal frequencies P ~
| Variable frequencies: Vanable frequencies - -
¢ Variable impacts: [[0.391092402312312][0.384402747128| | ¥ Aecuracy fest) 76.9230769230763 %
= . . W Accuracy fraining): 82.2916666666667 %
¥ Mean squared emor test); 0.1723425556733458
3 y ¥ Mean squared emor training): 0.1433672976414071
@ CurentBestQuality: 0.14360800172505741 [« Model: SymbolicDiscriminant FunctionClassificationMadel
 CurertAverageQualty: 1.2251625516727878  ModelDepth: 8
@ CurertWorstQualty: 100.24808533749938 @ Modsilength: 21
@ BestQuality: 0.14360800172508741 @ Pearson's R? fest): 0.32572528530628265
@ BestKnownQuality: 0 & Pearson's R2 fraining): 0.42586086762011521
# Mbsolute Difference BestKnown ToBest: 0.1426080017250¢ 0:3 PrablemData: Data imported from mammegraphic_masse
# RelativeDifferenceBestknown ToBest: Nal @GassiﬁcationSolution ConfusionMatroc
[+ Qualities: Qualities |ﬂ Discriminant FunctionClassfication Solution ROC Curves
@ Discriminant FunctionClassification Solution EstimatedClas
@ Dsicriminant FunctionClassfication Solution Threshold Viev
1] T b
4| m 3
Execution Time: | RV g RET
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Inspect Model Output and Thresholds

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

pieagdip &

Name:

Best training solution

Data Type:  Symbolic Discriminant FunctionClassification Solution

Value

Data Analysis Solution

+) 1) ) (<) @

Details

& Accuracy ftest): 77.1309771309771 %

W Accuracy training): 80625 %

@ Mean squared emor frest): 0.16198293293746
¥ Mean squared emor fraining): 015795638957
= Model: Symbalic Discriminant FunctionClassffica 17
¥ ModelDepth: 12

¥ ModelLength: 44

& Pearson's R2 fest): 0.3549559676960316
@ Pearson’s R fraining): 0.37769453256844265 08+ : g o
0[3 ProblemData: Data imported from mammograpt
ﬂ Classffication Solution Confusion Matrix

* Class0

Class 1

L ]
-
- -an [ ]
s []
- -
-n ]
LN " E -

[fas = 211 & S&7 ]

@ Digcriminant FunctionClassfficationSelution RO( o
T o P L = 06+ -
m
@ Disicriminant FunctionClassificationSolution Thre E
a
g ]
E mEREReREE o 88 @
% 04+
L - - . - mE .
L] "jp s " mmow
-
0.2+ e -
sens 2 & B 2 23 2}
0 ;

Training Samples

Test Samples

Jitter: U

File Edit View Services Help
DEH
Start Page ]/GeneticAIgori‘thm/VBesltrainingsoluﬁon - X
O =
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Inspect Confusion Matrix

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] F=ET)

File Edit View Services Help

HeuristicLab

MEA
HL Start Page | Genetic Algorithm ) Best training solution - X
ﬁ? Mame: Best training sclution 1 ==
% Data Type:  SymbolicDiscriminant FunctionClassfication Solution

Value

Data Analysie Solution |

Simoify

@ Accuracy test): 77.1309771309771 %

@ Accuracy training): 80,625 %

@ Mean squared emor fest): 0.16198293293746
@ Mean squared ermor {raining); 0.15795688357
= Model: Symbalic Discriminant FunctionClassffica
¥ ModelDepth: 12

¥ ModelLength: 44

# Pearson’s R frest): 0.35495596 76960316

@ Pearson’s R2 fraining): 0.3776345925844265
0[3 ProblemData: Data imported from mammograpt

C ionSolution Confusion Matrix

@ Digcriminant FunctionClassfficationSelution RO(
@ Discriminant FunctionClassificationSolution Esti
B Disicriminant FunctionClassificationSelution Thre
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Inspect ROC Curve

-

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

MName: Best training solution

preoqdip &

Data Type:  Symbolic Discriminant FunctionClassification Solution

Value
Data Analysis Solution

) 6 @) () &

& Accuracy ftest): 77.1309771309771 %

W Accuracy training): 80625 %

@ Mean squared emor frest): 0.16198293293746
¥ Mean squared emor fraining): 015795638957
= Model: Symbalic Discriminant FunctionClassffica
¥ ModelDepth: 12

¥ ModelLength: 44

& Pearson's R2 fest): 0.3549559676960316
 Pearson’s R? fraining): 0.3776945925344265
0[3 ProblemData: Data imported from mammograpt
ﬂ Classffication Solution Confusion Matrix
"] Discriminant FunctionClassffication Solution RO
@ Discriminant FunctionClassificationSolution Esti
@ Disicriminant FunctionClassificationSelution Thre

Details

Samples

True Positive Rate

Class 1

File Edit View Services Help
DEH
Start Page ]/GeneticAIgori‘thm/VBesltrainingsoluﬁon - X
O =

1+
08} g
.
".J
¢
06t 4
t
04 |
/
024 /
0
0 02 04 06 08

False Positive Rate
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Validation of Results

HeuristicLab

* Overfitting = memorizing data

o

» Strategies to reduce overfitting

- Validation pa rtition Training Validation Test
— cross-validation



Validation of Results

* Demonstration
— Configuration of a validation set

HeuristicLab

— Inspection of best solution on validation set

— Analysis of training- and validation fitness correlation

— Cross-validation
* Configuration

* Analysis of results
Start Page " Cross Validation ]: Genetic Prograr

Mame: Cross Validation

—— towerResponse
Estimated Values (training)

—— Estimated Values (test)

600
Samples Start:

Samples End:

FROR TR T T

|.Ngorithm| Results |Runs |

Results

=4 Genetic Programming - Symbolic Regression Feld 0
=] Genetic Programming - Symbolic Regression Fold 1
=] Genetic Programming - Symbolic Regression Fold 2
=1 Genetic Programming - Symbolic Regression Fold 3 2004

=] Genetic Programming - Symbolic Regression Fold 4 0 1000 2000 3000 4000
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0.8+
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0.21
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Training and validation fitness correlation table

Training and validation fitness
correlation

o1 2 3 4 5 & 7 & 9 10 11 12 13 14 15 16 17 18
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Configuration of Validation
Partition

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

pieagdis

Genetic Algorithm

Eile Edit View Services Help
NeE -
Start Page/VGeneticAIgorithm ]/Interactive Regression Solution 5., ]/Model ] - X
® =B

amme{ers | Results | Runs | Operator Graph | Engine|

Symbolic Regression Problem (single objective) (1) ._3
Import from CSV file ]

Parameters

¢ 1) B3 (<] &

- Details

# BestKnownQuality: 0 — — )

‘i Evaluator: Pearson R Evaluator Mame: WalidationFartition O]
@)FrtnessCalculationPart'rtion: Start: 0, End: 150 Data Type:  IntRange

W Maximum Symbaolic Expression Tree Depth: 10 Val

alue

# Maximum Symbolic Expression TreeLength: 100
4‘}3 ProblemData: Data imported from muttivariate pohy-1
@ Relative NumberOf Evaluated Samples: 100 %
% SymbolicExpression TreeGrammar: TypeCoherert Ex
L A VslidationPartition: Start: 150, End: 250

¥

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

Validation

Partition

# Generations: 6
4 Symbol frequencies: Symbaol frequencies
A Variable frequencies: Vanable frequencies

“

f« Best validation solution: SymbolicRegressionSq
" Best validation solution quality: 06854769612}

@ CurertBestQuality: 0.60601342479207535
@ CurertAverageQuality: 0.1373046333396513
@ CurertWorstQuality: 0

# BestQuality: 0.60601842479207535

@ BestKnownQuality: 0

# AbsoluteDifference BestKnown ToBest: 0.6060
# RelativeDifference Bestknown ToBest: MaN
4| Qualties: Qualities

AR X & [y ]

Details

@ Average relative emor fest): 619.55929863798
@ Average relative emor fraining): 513.423308011
# Mean squared emor ftest): 0.160410832853803
# Mean squared emor fraining): 0150669306108
Jfe Model: SymbolicRegressionModel

@ ModelDepth: 13

@ ModelLength: 6%

@ Pearson’s R2 fest): 0.515136602295072

& Pearson’s R2 training): 0.6430157910021429
0[3 ProblemData: Data imported from multivariate pe
@ Regression Solution ScatterPlot

@ Rearession Solution LineChart

@ Regression Solution EstimatedValues

Target Values

l T | [

= All samples + Testsamples

Training samples

3.165

2.1452

1.1254

0.1056

-0.9142

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = | B ||
Eile Edit View Services Help
& &
Start Page/VGenetic Algorithm ]/Interactive Regression Solution 5., ]/Model ] - X
§ Name: Genetic Algorithm (D) 5
2:i. | Problem | Parameters | Resutts | Runs | Operator Graph | Engine|
Results
# EvaluatedSolutions: 6394 Detais
Regression Solution =

-1.934
-1.834

0.1056 2.1452
08142 1.1254 3.165

Estimated Values

Execution Time:  00:00:18.3120474
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Inspect Linechart of Correlation of
Training and Validation Fitness

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

Start Page/VGenetic Algorithm ]/Interactive Regression Solution 5., ]/Model ]

Name: Genetic Algorithm

pieagdis

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

Resutts

By @) X &

# EvaluatedSolutions: 17383

# Generations: 17
| Symbol frequencies: Symbal frequencies
| Variable frequencies: Vanable frequencies
“% Variable impacts: [[0.175726225620045][0.13]
| Symbolic expression tree length: Values

Jf Best training selution: SymbolicRegressionSoluy
# Best training solution quality: 0.654273312874
Jfe Best validation solution: SymbolicRegressionSe
# Best validation solution quality: 0. 7024052969

able

@ Curmrent BestQuality: 0.65427331287446355

@ CurertAverageQuality: 0.4315694722027248

@ CurertWorstQuality: 0

# BestQuality: 0.65427331287446355

@ BestKnownQuality: 0

# AbsoluteDifference BestKnown ToBest: 0.6542

# RelativeDifference Bestknown ToBest: MaN
4| Qualties: Qualities

Details

Mame:  Training and validation fitness comelation table

Training and validation fitness correlation table

Training and validation fitness
correlation

06T+

041

02+

6 7 & 9% W 1M 12 13 14 15 16 17 18

») () (@] (=@

Execution Time:  00:00:59.9954315

HeuristicLab Tutorial

http://dev.heuristiclab.com

HeuristicLab

113



Agenda

HeuristicLab

* Objectives of the Tutorial

* Introduction

*  Where to get HeuristicLab?

* 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

e 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

HeuristicLab

 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?
— join our HeuristicLab Google group heuristiclab@googlegroups.com or
— write an e-mail to support@heuristiclab.com




HeuristicLab Team

HeuristicLab

Heuristic and Evolutionary Algorithms Laboratory (HEAL)
School of Informatics, Communications and Media
University of Applied Sciences Upper Austria

Softwarepark 11
A-4232 Hagenberg
AUSTRIA

WWW: http://heal.heuristiclab.com

Algorithms Laboratory OBEROSTERREICH
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Suggested Readings

HeuristicLab

OPTIMIZATION
SOFTWARE CLASS
LIBRARIES

Stefan Voj

* S.Vol3, D. Woodruff (Edts.) (s
Optimization Software Class Libraries
Kluwer Academic Publishers, 2002

* M. Affenzeller, S. Winkler, S. Wagner, A. Beham
Genetic Algorithms and Genetic Programming

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

HeuristicLab

http://dev.heuristiclab.com

heuristiclab@googlegroups.com

HeuristicLab Tutorial http://dev.heuristiclab.com 120



