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Objectives of the Tutorial

HeuristicLab
* |ntroduce general motivation and design principles of HeuristicLab
e Show where to get HeuristicLab
 Explain basic GUI usability concepts
 Demonstrate basic features
e Demonstrate editing and analysis of optimization experiments
e Demonstrate custom algorithms and graphical algorithm designer
e Demonstrate data-based modeling features

e Qutline some additional features



Introduction

HeuristicLab

* Motivation and Goals == ——
— graphical user interface | A It S Nl
— paradigm independence | e '.'. | ==

— multiple algorithms and problems sy

— large scale experiments and analyses e -
— parallelization Baxrral| |

— extensibility, flexibility and reusability .
— visual and interactive algorithm development
— multiple layers of abstraction

* Facts
— development of HeuristicLab started in 2002
— based on Microsoft .NET and C#
— used in research and education
— second place at the Microsoft Innovation Award 2009
— open source (GNU General Public License)
— version 3.3.0 released on May 18th, 2010
— latest version 3.3.7 released on July 8th, 2012
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Where to get HeuristicLab?

HeuristicLab

e Download binaries
— deployed as ZIP archives
— latest stable version 3.3.7
* released on July 8th, 2012 e R,
— daily trunk builds '
— http://dev.heuristiclab.com/download

e Check out sources
— SVN repository

— HeuristicLab 3.3.7 tag
e http://dev.heuristiclab.com/svn/hl/core/tags/3.3.7

— current development trunk |
* http://dev.heuristiclab.com/svn/hl/core/trunk e S e s 5 s ottt

* License
— GNU General Public License (Version 3)

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

HeuristicLab

e HeuristicLab consists of many assemblies
— 119 plugins in HeuristicLab 3.3.7 -
— plugins can be loaded or unloaded at runtime o
— plugins can be updated via internet
— application plugins provide GUI frontends

Optimizer

Plugin Management

Plugin
Manager

e Extensibility
— developing and deploying new plugins is easy
— dependencies are explicitly defined,

automatically checked and resolved o s =

— automatic discovery of interface oy s
implementations (service locator pattern) [ | |2 2tommcis tomsmote el ||
* Plugin Manager |l ||
. . <2 HeunsticLab Aloorthms TabuSearch 333 5-‘45_ = [
— @GUI to check, install, update or delete plugins e |

HeuristicLab Tutorial http://dev.heuristiclab.com 7



Plugin Architecture

HeuristicLab

Analysis
Random

Optimization

CodeEditor

Clients.Common Collections Tracing/Logging 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
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Graphical User Interface

' “Algorithm View

Problem View

ParamEter 'Parameter View
Collection | _

View Double Value View
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Graphical User Interface

HeuristicLab

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

n

v | ConstrainedValueParameter View
ConstrainedValueParameter Configuration View

ValueParameter View
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Available Algorithms & Problems

Algorithms

Evolution Strategy

Genetic Algorithm

Genetic Programming

Hungarian Algorithm

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 Classification

e Clustering

e External Evaluation Problem
e Knapsack

* Lawn Mower

* Linear Assignment

* OneMax

 Quadratic Assignment

* Regression

e Single-Objective Test Function
e Symbolic Classification
 Symbolic Regression
 Traveling Salesman

e User-defined Problem
 Vehicle Routing
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Demonstration Part |I:
Working with HeuristicLab

 Create, Parameterize and Execute Algorithms
e Save and Load Iltems

 Create Batch Runs and Experiments

e Multi-core CPUs and Parallelization
 Analyze Runs

e Analyzers

e Building User-Defined Algorithms

HeuristicLab



HeuristicLab Optimizer
e opim 333w

File Edit View Help
DN -

/" Start Page | v X
HeuristicLab Optimizer 3.3.3.5448

Follow these steps to start working with HeuristicLab Optimizer: -

HeuristicLab

-~
=

pieoqdipy 2

1. Open an algorithm

e click 0 (New Item) in the toolbar and select an algorithm or click (&5 (Open File) in the toolbar and load an
algorithm from a file

m

2. Open a problem in the algorithm

e inthe Problem tab of the algorithm click i_T (New Problem) and select a problem or click 5/ (Open
Problem) and load a problem from a file ||

3. Set parameters
e setproblem parameters in the Problem tab of the algorithm
e set algorithm parameters in the Parameters tab of the algorithm

O & I == . 2 =

double-click to. open...
sample algonthms and preblems
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Create Algorithm

HeuristicLab

et e N
HL HeuristicLab Optimizer 3.3.3.5837 Name Version Description
File | Edit View Services Help Algorithms
D New... Ctrl+N |I ¥, Evolution Strategy 3.3.3.5803 An evolution strategy.
4 é Sren Ctrl+O t A Genetic Algorithm 3.3.35809 A genetic algorithm.
f e ¥, Island Genetic Algorithm 3.3.35809 Anisland genetic algoritt
| Save CrksS ¥, Island Offspring Selection Genetic Agorthm ~ 3.3.3.5809  An island offspring selec
Save As...  Ctrl+Shift+5S #, Local Search 3.3.35809 Alocal search algorithm.
Close Ctrl+W % NSGAI 3.3.35809 The Nondominated Sorti
il Close All  Ctrl+Shifts W #, Offspring Selection Genetic Algorithm 3.3.35809 An offspring selection ge
#, Particle Swam Optimization 3335935 A particle swam optimiz: _
¥ Z CACTFAACA AAAEMN Thc ool edeileee mee
Exit < | m | »
oK [ Concel |
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Create or Load Problem
HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] .
File Edit View Services Help
‘DEd

[ preoqdip E |

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

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

o | B s

File Edit View Services Help

nsd

/| ~ Genetic Algorithm X
(]

'g;,.' Name:  Genetic Algorithm @ 8
| 2| [ Problem | Parameters | Resuts | Runs | Operator Graph | Engine |

W=

Name: __ch130 TSP mpotted from TSPLIB)

Import from TSPLIE

Paramet,

(#) X

@ BestKnownQuality: 6110
% BestKnown Solution: [0:40:38:116:111:114:27:
¥4 Coordinates: [[334,5909245845,161,7809319

@ SolutionCreator: RandomPemutationCreator
# UseDistanceMatrix: True

& Evaluator: TSPRoundedEuciideanPathEvalua|

Name: Coordinates
Data Type: DoubleMatrix
Value

Show in Run:
Rows: 130

Columns: 2

| Column 1
P Rowl 334.590924...

Row 2 397,644663... | 262,816533...
Row 3 503.874182... |172.874115...
Row 4 444,047940... 334.649130.,._

Ot 211 619714 |9 angicac

Execution Time: 00:00:00

HeuristicLab Tutorial
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Parameterize Algorithm

HeuristicLab

"L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] . E=RISE ™™
File Edit \View Services Help
(D& d |
x

" Genetic Algorithm

| preogdiy & |

+ @) @ () @ &

@ Analyzer: MuliAnalyzer
@ Crossover: OrderCrossover2
¥ Eites: 1 Data Type: IntValue

14 MaimumGenerations: 1000 |

@ MutationProbabilty: 5 % .

@ Mutator: InversionManipulator Show in Run:
@ PopulationSize: 100

@ Seed: 0 Value: 1000

¥ Selector: Proportional Selector

# SetSeedRandomly: True

Execution Time: 00:00:00

(2] (u] (2] (@]
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Start, Pause, Resume, Stop and Reset HL

HeuristicLab

|r.t=‘L HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
Eile Edit View Services Help

DEd ) i
1|  Genetic Aigorithm | X
D_

'g. Name:  Genetic Algorithm @ 8
2| [Problem | Parameters [Resuts | Runs | Operator Graph | Engine |

Parameters
JHEXNEE

Details

@ Analyzer: MultiAnalyzer -

@ Crossover: OrderCrossover2 Name: MaxmumGenerations @ =
¢ Bites:1 Data Type: IntValue

14 VMzvomumGenerations: 1000 | Sk

@ MutationProbabilty: 5 %

@ Mutator: InversionManipulator Show in Run:

@ PopulationSize: 100

@ Seed: 0 Value: 1000 :@l

© Selector: Proportional Selector

¥ SetSeedRandomly: True

Execution Time: 00:00:00
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Inspect Results

'r!:'L HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
Eile Edit View Services Help
‘e

/" Genetic Algorithm ]

HeuristicLab

=y '1@'.2

| preogdiy & |

Results

+ X &

@ EvaluatedSolutions: 26236

@ Generations: 264

{28 Best TSP Solution: PathTSP Tour
@ CurentBestQualty: 24652

@ CumentAverageQualty: 27311

@ CumentWorstQualty: 30928 —— CurrentBestQuality

@ BestQuality: 24652 ~—— CurrentAverageQuality

@ BestKnownQualty: 6110
@ AbsoluteDiferenceBestKnown ToBest: 18542 50000 1.

# Relative DifferenceBestKnown ToBest: 303 46¢ N\J\Mv\)ﬂ‘\
m +
W 7 —

300001

Qualities
— CurreniWorstQuality —— BestQuality —— BestKnownQuality

A

21
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Compare Runs

e Arunis created 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

r
HL HeuristicLab Optimizer 3.3.3,5837 [Unsaved] | 8

File Edit View Services Help
‘N d
HL _/Gmlicﬂ.lgorithm X

Store Algorithm in each Run: ||

Runs
@ Analyze Runs... =

2 Genetic Agorthm Run 1
“% Genetic Algorthm Run 2

%3 Genetic Algorthm Run 3
e coor: [ [Chonge..]
% Genetic Algorthm Run 5 Parameters & Results

“1% Genetic Aigorthm Run 6 Name
“i$ Genetic Aligortthm Run 7

Details
Qualty
Value 6747

Result |
gt Genetic Agorthm Fun 8 saspn g

%2 Genetic Algorthm Run 9 v AbsohteDéferenceBestnownTo,
3 Genetic Algorithm Run 10 il Best TSP Soktion L
“1$ Genetic Algorithm Run 11 ¥ BestKnownQualty

“3 Genetic Algorthm Run 12 @ BastQualty

@ Curent AverageGuality

@ Current BestGualty

# Cument WorstQuaity

@ EvaluatedSolutions

@, Exacution Time

¥ Generations

A Guslties

¥ RelativeDiferenceBestknownTo -~
5 ™| » L

r)[n] (=] (@) Execution Time: 00:00:00.51602%6

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

HeuristicLab

e Save to and load from disk

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

— algorithms can be paused, saved, loaded and resumed

— data format is custom compressed XML

— saving and loading files might take several minutes

— saving and loading large experiments requires some memory

-

HeuristicLab Optimizer 3.3.3.5837 [Un:

| File | Edit View Services Help

] New.. Ctrl+N
& Open.. Ctrl+O
| Save Ctrl+S |
| Save As...  Ctrl+Shift+S
Close Ctrl+W LRm
Close All  Ctrl+Shift+W
Exit

|_@ EvaluatedSolutions: 26236

HeuristicLab Tutorial http://dev.heuristiclab.com 23



Create Batch Runs and Experiments

Batch runs

HeuristicLab

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

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

e Experiments and batch runs can be nested

e Generated runs can be compared afterwards

r

7

HeuristicLab Tutorial

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Create Experiment

File | Edit | View Services Help

) g Copy To Clipboard
Convert into User-Defined Algorithm

Create Experiment

Create Batch Run; [V
Repetitions: 10

llr Cancel |
J

)~

Name: Genstic Alnomhm

http

://dev.heuristiclab.com

24



Create Batch Runs and Experiments HL

HeuristicLab

1. HeuristicLab Optimizer 3.3.5.6558 [Unsaved] (= [ B -
Eile Edit View Services Help

‘D

E " Experiment - X
o

o .

o

g

a

Detais

. Mame:  GA, TSP ch130, 5% Mutation Rate, InversionManipulator @ =
_ 'i‘g?mmmedfmﬂspue)' Problem | Parameters | Resuts | Runs | Operator Graph | Engine |
! 05 ooty Parameters
=5 = X g (= -
gg c:113OTSP(|1|po¢ledfromTSPLIB) :m«mm 5 S T ® =
] ‘= Results ‘:’Eh‘f‘?“ ) Data Type: PercentValue
[#)- §%, Experiment TranslocationManipulator ; : :5:.‘:0000 Vikia
drag & drop here ||| | ;e resoepi B swenro B
- 4 s Value: 5% o5
to add additional [} | 4o reemssec
. @ SetSeedRandomly: True

algorithms,

batch runs,
experiments, etc.

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

Execution Time:  00:00:00
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Clipboard

r
4. HeuristicLab Optimizer 3.3.3.5837 [Unsaved] -

File Edit View Services Help
D gy o

HeuristicLab

Clipboard

(&) 1) (20 (<) ()

4 ch130 TSP (mported from TSPLIB) Problem | Parameters | Resutts | Runs | Operator Graph | Engine |
#, Experiment

#, Genetic Aligorithm

45 kroA200 TSP fmported from TSPLIE) Name:  ch130 TSP (mported from TSPLIB) ® =&
( Import from TSPLIB ]

Parameters | Visualization |
drag & drop [ |
here to add ¥ X & @

@ BestKnownQualty: 6110
; %3 BestKnownSolution: [0:40;38:116:111;114:27;
al g orit h ms, %3 Coordinates: [[334,5909245845:161,7809319"

problems, B TS RodtGow G
batch runs,  Sodercontr o
experiments,

¥ SolutionCreator: RandomPermutationCreator
etc.

@ UseDistanceMatrix: True

Execution Time: 00:01:02.2315595

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 |
=i Convert into User-Defined Algorithm

Create Experiment
Name: Genetic Algorthm

i

e 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, Stop, Reset HL

HeuristicLab
rHL HeuristicLab Optimizer 3.3.5.6558 [Unsaved] o | E |
File Edit View Services Help
‘e d
Z Experiment - X
2
g_ Name:  Experiment ON-"]
2| [ optimizers |Runs
Optimizers
+ (2] (8] (X
- #, Expenment InversionManipulator Details
| &£, Batch Run (5) Parameters =
| B % GA TSP ch130, 5% Mutation Rate, Inve - (& =
% ch130 TSP fmpotted from TSPLIB) | - X
Bq Parameters | @ Analyzer: MultiAnalyzer e
. ] Resuts “@ Crossover: OrderCrossover2 Name: MutationProbabilty @® B
| &4 Batch Run (§) P :
| 5 % GATSPch130, 10% Mutation Rate. v | g ot DataType: PercentVaue
3; ?1130 TSP (mported from TSPLIB) oe el Value |
| @8 Resuts @ Mutator: InversionManipulator | ShowinRun: [¥]
= #, Experment TranslocationManipulator @ PopulationSize: 100 Valve: 5% =
&% Batch Run (5) 9 Seed: 0 . .
| E-% GA. TSP ch130, 5% Mutation Rate, Trar, "9 Selector: Proportional Selector
! %% ch130 TSP (mported from TSPLIB) @ SetSeedRandomly: True
44 Parameters
: =] Results
- #, Batch Run (5)
& %, GA. TSP ch130. 10% Mutation Rate, Tre
%% ch130 TSP {mported from TSPLIE)
% Parameters
/& Results
< | . ] b
E] a “i J @ Execution Time: 00:00:00
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Compare Runs

| preoqdip =

/" Demo Experirnent"-

[ HL HeuristicLab Optimizer 3.3.5.6558 [C:\Users\p21298\Documents\Demo Experiment (Results).hl] lE‘EM
Eile Edit View Services Help
D d
] X

Runs
@ Analyze Runs... *

%% GA. TSP ch130, 0% Mutation Rate, Swap: ~
%4 GA. TSP ch130, 0% Mutation RateTrzml-i )
%$GA. TSP ch130. 5% Mutation Rate, T:and-%
%4 GA. TSP ch130. 0% Mutation Rate. Inversi _
3 GA. TSP ch130, 5% Mutation Rate, Swapy|
%2 GA. TSP ch130. 0% Mutation Rate. Swap:
%% GA, TSP ch130, 5% Mutation Rate, Inversi
43 GA, TSP ch130. 0% Mutation Rate, Trand-!_
%% GA. TSP ch130, 5% Mutation Rate, Transh
%% GA, TSP ch130, 0% Mutation Rate, Inversi
%% GA. TSP ch130. 5% Mutation Rate, Swap:
%% GA. TSP ch130, 0% Mutation Rate, Swap:
4% GA. TSP ch130, 5% Mutation Rate, Inversi
%4 GA, TSP ch130, 5% Mutation Rate, Transh
4% GA. TSP ch130, 0% Mutation Rate, Inversi
%% GA, TSP ch130, 0% Mutation Rate, Transh
%4 GA. TSP ch130, 5% Mutation Rate, Swap:
%% GA, TSP ch130, 0% Mutation Rate, Swap:
4% GA, TSP ch130, 5% Mutation Rate, Inversi
4% GA, TSP ch130, 5% Mutation Rate, Transk
%% GA, TSP ch130, 0% Mutation Rate, Transh
%4 GA. TSP ch130, 0% Mutation Rate, Inversi ~
B — )

F P—

Details

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

oo I (G

Parameters & Results

Name
Results A
@ AbsoluteDiferenceBestK|
{28 Best TSP Solution |
@ BestKnownQuality
@ BestQuality
@ CumentAverageQuality
# Current BestQualty
@ CumentWorstQuality
@ EvaluatedSolutions
@, Execution Time
# Generations
4 Qualties
¥ RelativeDifferenceBestk .
< D b

Qualities
— BestQuality

= CurrentBestQuality
~— CurrentAverageQuality
= CurrentWorstQuality
60000

40000

- BestKnownQuality

M

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

e RunCollection Tabular View
— graphical analysis

e RunCollection BubbleChart

e RunCollection BoxPlots

e Filtering is automatically applied to all open run collection views

HeuristicLab Tutorial

Q:,[mzefs I' Runs |
| Runs ﬁHering‘_

Runs

'Analyze Runs... '1__

“1$ Genetic Algorithm |
“$ Genetic Algorithm ||

“1$ Genetic Algorithm |
“1% Genetic Algorithm |
“1$ Genetic Algorithm |
“1% Genetic Algorithm |

RunCollection BoxPlots
RunCollection BubbleChart
RunCollection Tabular View
RunCollection Variablelmpacts

RunCollection View

|

)
— o

| 42 Genetic Alnorithm (Mitation Rate 1%) Bun 1 0]

http://dev.heuristiclab.com
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RunCollection Tabular View HL

HeuristicLab
" /1L HeuristicLab Optimizer 33.3.5837 e
File Edit View Services Help
hed
|| Genetic Algorithm ) RunCollection Tabular View | x
O
3| Bow: =
2| Columns: 48 [
P Genetic Aigorithm (Mutation Rate 1%)Run 13 5110 [0:40:38:116:111:114;... | 16405 |[1334,5909245... |OrdecCrosso... | 16543,13 .
Genetic Algorithm (Mutation Rate 1%)Run 14 5110 |[0:40:38:116:111:114:... | 14783 |[1334,5909245... |OrderCrosso... |15029,02
Genetic Algorthm (Mutation Rate 1%)Run 15 5110 |[0:40:38;116:111;114;... | 14252 |[1334,5909245... |OrderCrosso... |14282,89
Genetic Algorthm (Mutation Rate 1%)Run 16 5110 [0:40:38:116:111:114;... | 13243 |[1334.5909245... |OrderCrosso... |13245.95
Genetic Agorthm (Mutation Rate 1%)Run 17 5110 | 40381161114, 13703 |1334.5909245... |OrderCrosso... |13749.98
Genetic Algorthm (Mutation Rate 1%) Run 18 5110 |[0:40:38:116:111:114;... {13564 |[1334.5909245... |OrdeCrosso... | 13951.09
Genetic Algorithm (Mutation Rate 1%)Run 19 5110 [0:4038:116:111:114;... | 15421 |[1334,5909245... |OrderCrosso... |15431,74
Genetic Algorthm (Mutation Rate 1%)Run20 5110 |[0:40:38116:111:114;... {14409 |[1334.5909245... |OrderCrosso... | 15147 £
Genetic Agorthm (Metation Rate 1%)Run21 5110 (04038 116:111:114;... 13771 |[334.5309245... | OrderCrosso... | 1395456
Genetic Algorithm (Mutation Rate 1%)Run22 5110 [0:40:38:116:111:114;... | 14529 |[[334.5909245... |OrderCrosso... |14532.3
Genetic Algorithm (Mutation Rate 5%)Run 13 5110 |[0:40:38:116:111:114;... | 13095 |[1334,5909245... |OrderCrosso... |13642,7
Genetic Algorthm (Mutation Rate 5%) Run 14 5110 [0:40:38:116:111:114;... | 12403 |[[334,5909245... |OrderCrosso... | 12818.09
Genetic Algorthm (Mutation Rate 5% Run 15 5110 | 0:4038:116:111:114:... 14091 |1334,5909245... |OrderCrosso... | 1465398 |
Genetic Algorithm (Mutation Rate 5%)Run 16 5110 [0:40:38:116:111:114;... | 12595 |[1334,5909245... |OrderCrosso... |13297,99 :
Genetic Agorthm (Mutation Rate 5%) Run 17 5110 [0:40:38:116:111:114:... {12792 '[1334.5909245... |OrderCrosso... | 13264,38 |
Genetic Algorthm (Mutation Rate 5%) Run 18 5110 [0:40:38:116:111:114:... | 12711 1[1334.5809245... |OrderCrosso... |13151,19 fil
Genetic Agorthm (Wutation Rate 5% Run 19 5110 |[04038:116:111:114,.. | 12326 (13345909245, | OrderCrosso... | 12625.78
Genetic Aigorthm (Mutation Rate 5% Run 20 5110 o038 1611114 13246 |1334.5909245... |OrderCrosso... |13777.85
Genetic Algorihm (Mutation Rate 5%) Run21 5110 [0:40:38:116:111:114:... {12807 '[1334.5909245... |OrdeCrosso... | 1328481
Genetic Aigorthm (Mutation Rate 5%) Run22 5110 [0:4038:116:111;114;... | 12741 |[1334,5909245... |OrderCrosso... |13113,18
Genetic Agorthm (Mutation Rate 10%)Run 13 5110 |[040:38:116:111:114:... | 15921 |[13345909245... | OrderCrosso... |18084.04 _ |-
Genetic Algorthm (Mutation Rate 10%)Run 14 5110 [0:40:38:116:111;114;... | 16384 |[1334,5909245... |OrderCrosso... | 19609.36 - |
g —— :
I
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RunCollection Tabular View

HeuristicLab

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

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

e 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 HL

HeuristicLab
Eile Edit View Services Help
D d - "
1|~ Genetic Algorithm ) RunCollection BubbleChart | X
o
-§' y: [m V] [i] Jitter: D Bubble Size: IGonﬂa'l v] 0 ]
& 20000
. J
15000 2 >
L .. ® .‘
e® o & &
»*

>

z

S 10000

w

@

5000+
|
|
| 0 ) . |
-0.03 0.02 0.07 0.12
MutationProbability
x: | MutationProbabiity
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RunCollection BubbleChart

HeuristicLab

e 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

e Add jitter
— 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

e 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

e 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)

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



RunCollection BoxPlots

HeuristicLab

1L HeuristicLab Optimizer 3.3.3.5837 [Uns
File Edit Services  Hel
S =" |
1| Genetic Algorithm ) RunCollection BoxPlots |
o)
2| |y [BestQuaity v)
2
= 20000
' ===
e e :
g\ - é .
™
S 10000+
o
m
5000+
. 0.01 0.05 01
MutationProbability
—
MutationProbabilty: 1%  MutationProbabilty: 5 %
» Count 10
Minkmum 13243 12326
Madmum 16405 14091
Avernge 14408 128907
Median 143305 127665
' Standard 952.548394804403 516.976477006233
Al QNTIAQ AAAAMAARA QA QTIIIIIOGR | 10QAGN
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RunCollection BoxPlots

HeuristicLab

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

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

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

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

e 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)



Filter Runs

HeuristicLab
[ HL HeuristicLab Optimizer 3.3.5.6558 [C:\Users\p21298\Documents\Demo Experiment (Results).hl]
Eile Edit View Services Help
‘DEd
m
o
2
o
2
4
RunCollection Constraints
Details
% Mutator Is type compatible to HeuristicLab.Encodings. Permutation Encoding. TranslocationManipulator :
Constrained Member: | BestQualty
Constraint Operation: | Less than or equal
Constraint Data: 10000
V] Active
»|[n] [m] Execution Time: 03:55:16.2570011
37
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Multi-core CPUs and Parallelization

HeuristicLab

e 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

e 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



HeuristicLab

Parallel Execution of Experiments HL

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

File Edit View Services Help
‘e d

" Demo Experiment
® =3

| pieoqdip [:_I

Details
GA. TSP ch130. 5% Mutation Rate. InversionManipulator @ =2

#, Batch Run (5) Name:
- %, GA, TSP ch130, 0% Mutation Rate, inve| li

#% ch130 TSP (mported from TSPLIB)
4% Parameters

= Resuts Q) &
. ¢h130 TSP {mported from TSPLIB) @ _ﬁ

&-# BachRn ) Name:
=S4 GA. TSP ch130, 5% Mutation Rate, Invel :
Import from TSPLIB

%4 ch130 TSP (mported from TSPLIB)

“4 Parameters

=] Results Parameters | Visualization
#, Batch Run (5) P

- %, GA. TSP ch130, 10% Mutation Rate, Inv sy
L - X @ &)

#% ch130 TSP (mported from TSPLIB)
%2 Parameters -
=] Results ¢ BestKnownQuality: 6110
|- &, Batch Run (5) ‘:fzBeﬁKnownSoi.tim:[0;40;33;116:111;114:2?:
“t$ Coordinates: [[334,5909245845:161,7803319"
%% ch130 TSP (mported from TSPLIB) 43 DistanceMatrix
44 Parameters & Evaluator: TSPRoundedEucideanPathEvalua
=] Results @ SolutionCreator: RandomPemutationCreator
@ UseDistanceMatrix: True

Execution Time: 01:19:30.0586110

v/ (n][a) 'm] 1. start experiment

39
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Parallel Execution of Algorithms HL

HeuristicLab

/1. HeuristicLab Optimizer 3.3.3.5837 [Unsaved] B - — . | G
Eile Edit View Services Help

D& d

|/ Genetic Algorithm | X

Name: Genetic Algorthm @ __-.j

Problem

r

pieogdiy &

Engine: | Paralel Engine

Execution Time: 00:00:06.0343451

| Log:

05.04.2011 01:42:25 Engine
05.04.2011 01:42:25 [
05.04.2011 01:42:31 L

—— — = — =

e e e

]

| [n] [m] (@] Execution Time: 00:00:06.0343451
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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

e Examples
— TSPAlleleFrequencyAnalyzer
— TSPPopulationDiversityAnalyzer
— SuccessfulOffspringAnalyzer
— SymbolicDataAnalysisVariableFrequencyAnalyzer
— SymbolicRegressionSingleObjectiveTrainingBestSolutionAnalyzer



Analyzers

- = = 3 =
1L HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

D

I_| File Edit View Services elp

Genetic Algorithm

X

L —
| Problem | Parameters | Resuts | Runs | Operator Graph | Engine |

| pieoqdiD |

Parameters

SE=Ie

Details
L e WUilLANayzer Hm:

Data Type:

Value
Name:

ame

Analyzer

® =

MuttiAnalyzer

Show in Run:

MultiAnalyzer

Ereakpoint:

® =3
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TSPAlleleFrequencyAnalyzer HL,

HeuristicLab
"L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] . || @ 3
Eile Edit View Services Help
D d |
11| Genetic Algorithm =5
E: Name:  Genetic Agorthm ® =
2| [ Problem | Parameters | Resuts [Runs | Operator Graph [ Engine |

Results
+ &t &) (%) &

@ EvaluatedSolutions: 39100

@ Generations: 1000
8] Best TSP Solution: Path TSP Tour s [ﬂ] X @
b1 TSP Allele FrequencyAnalyzer Results: Re
glls Allele Frequencies: Allele FrequencyCollection

| Alleles: Alleles All z

- ele Frequencies
@ Fixed Alleles of Best Known Solution: 17 q
@ Fixed Alleles: 63 B Alleles of Best Known Solution
@ Lost Alleles of Best Known Solution: 93 B Other Alleles

@ Unique Alleles of Best Known Solution: 37 = Average Solution Qualities

@ Unique Alleles: 325

! %3 TSPPopulationDiverstyAnalyzer Resuls:
I @ CumentBestQualtty: 11753

@ CumentAverageQuality: 12056,36

| @ CumrentWorstQuality: 14489

@ BestQualty: 11753

@ BestKnownQualty: 6110

@ Absolute Difference BestKnown ToBest: 5€
¢ RelativeDifferenceBestKnown ToBest: 92
4| Qualties: Qualties

R gy
* Average Impact

o o
)

s
=

Relative Frequency

o
)

Anjenp vonnjos abesany

o

50
Allele Index

dl 1 ] B

| [n] [m] (@] Execution Time: 00:01:022315595
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TSPPopulationDiversityAnalyzer HL

HeuristicLab

" 1L HeuristicLab Optimizer 33.3.5837 [Unsaved] i

Eile Edit View Services Help

nEd ) 1
/" Genetic Algorithm | - X

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

Results

+ 1) @) (%) &

@ EvaluatedSolutions: 4159
¥ Generations: 41
| {al Best TSP Sokution: PathTSPTour . X
4 TSPAleleFrequencyAnalyzer Results: Re : Details
| $ Sevoge hrsags oo adaty 0125

@ CumentBestQualty: 34603 verage Maximum Sokstion Simiarty: 0,53569: i imilarities
@ CumentAverageQualty: 38146,03 @ Average Minimum Solution Similarity: 0,111307 Solution Simila
@ CumentWorstQualty: 41956 iAverag fhoverege/Meadmum Sokution 100
@ BestQualty: 34603 4] Minimum/Average/Maximum Solution Similaritic
@ BestKnownQualty: 6110 B solution Similarities: Solution Similarties
@ Absolute DiferenceBestKnown ToBest: 80
# Relative DfferenceBestKnownToBest: 46
Al Qualities: Qualties

| preoqdip & |

Row Index

20 40 60 80 100
Column Index

< [ i B

@ “ @ @ Execution Time: 00:00:09.9495691
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Building User-Defined Algorithms

*  Operator graphs

algorithms are represented as operator graphs
— operator graphs of user-defined algorithms can be changed
— algorithms can be defined in the graphical algorithm designer

— use the menu to convert a standard algorithm into a user-defined algorithm

7

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

idip

e  Operators sidebar

FiIeJ Edit |
Q@

m

View Services Help

Copy To Clipboard
Convert into User-Defined Algorithm

Create Experiment

=

— drag & drop operators into an operator graph

Programmable operators

7

HeuristicLab Optimizer 3.3.3.5837 [Un

File Edit [View | services Help

N - | Start Page
Genel | Clipboard

Operators

Name:  Geneltic Algorthm

gdip

— 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
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Building User-Defined Algorithms HL

r
| HL HeuristicLab Optimizer 3.3.3.5837

v |(E)

File Edit

E"_L’:‘}’A

View Services Help

pieoqdip &

{} HeuristicLab Problems. TravelingSalesman 3.3
#-{} HeuristicLab.Problems.VehicleRouting 3.3
@-{} HeursticLab.Random 3.3
=-{} HeuristicLab Selection 3.3

- g BestSelector
(M - “4 Condtional Selector
- (g Crowded Toumament Selector
Va4 GenderSpecticSelection
! - 4 LeftReducer
Ay LeftSelector

& LinearRank Selector

& MergingReducer

@ NoSameMatesSelector

& OffspringSelector

[*1 Proportional Selector

-2 RandomReplacer

@ RandomSelector

-4 Replacer
- @ RightChildReducer

& RightReducer

@ RightSelector
4 Toumament Selector
|-¥2% WorstReplacer

& WorstSelector

Q
#-{} HeuristicLab.Problems.TestFunctions 3.3
o)
w
®
=]

1| m |

m

A quality proportional selection
cperator which considers a single
double quality value for selection.

- X

Name: Genetic Algorithm
[ Problem | Parameters | Resutts | Runs | Operator Graph | Global Scope | Engine

® =

AEE EEEE@

>

o) e ,{om s} _..(&;:nmwmumu.o g)

Execution Time: 00:00:03.5182012
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HeuristicLab

Building User-Defined Algorithms HL

r
HL HeuristicLab Optimizer 3.3.3.5837
Eile Edit View Services Help

‘D d _
Genetic Algorithm )/ GeneticAlgorithmMainLoop ]

Name GeneticAlgorthmMainLoop

&) (@ =

|sm]ma:!0 E I [pmoqdu) 7 ]
o
& 15
gl 5
»

o

http://dev.heuristiclab.com
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Programmable Operators

r =
| 1L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] l (o] B |t

Eile Edit View Services Help

HeuristicLab

hed !
,1_,_- Genetic Algorithm ]/Gend.icAlgorimmMainLoop )/ ProgrammableSingleSuccessor... ] - X
=
'g. Name: Programmable Single SuccessorOperator ® =
2| Breakpoint: [
| [Parameters | Code
HL ) =
(o] L q L4 -
s B Notcompiled 12 public class ProgrammableSingleSuccessorOperator {
g.. Assemblies 13 public static IOperation Execute (ProgrammableSingleSuccessorOperator op,
| =] @ e HeunsticLab ALGLIB - 14
I o mlﬂbwoﬂﬂﬂgj 15 // implement custom operat,orl
{7} HeuristicLab Algorthms Data’ 16
- }3 HeunsticLab Aigorthms Evolu 17 return op.Successor == null ? null : context.CreateOperation(op.Succes
{C}3 HeunsticLab Aigonthms Genel 18 } .
! [} HeuristicLab Algorithms.Local ol I
-T2 HeuristicLab Algorthms.NSG/ o
[T} HeuristicLab Aigorthms. Offspr

[T} HeursticLab Algorithms Partic
~{"}3 HeuristicLab Algorithms. Simul:
[T} HeuristicLab Algorthms. Tabu!
[} HeuristicLab Algorithms Variat

I e itia] b Ammkimio

Namespaces
~{¥]{} Common -
~{¥1{} Core
-¥I{} Data
| 214) Operators
- L[¥{) Programmable
i VI{} Parameters
=-1{} Microsoft
~[C1{} CShap
| 1) VisualBasic
| 2004} Win32 L3
[I(} SafeHandes | | -

Em

é-@]“ System < m )
=Y Cadalam

«| m d ¢ Ready powered by #deveiop
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Debugging Algorithms

" 1L HeuristicLab Optimizer 33.3.5837 [Unsaved] ‘ =R
Eile Edit View Services Help
L&« d
‘ TJ_‘ /" Genetic Algorithm ] - X
o
| 'g. Name:  Genetic Algorithm @ =8
a
m
Lo — o —
3 @ BestAverageWorstQualtyAn] 9 TSPPopulation DiversityAnalyzer [¥] Enabled
;i M Execution Context Scope @ CondtionalBranch -
. &-{) TSPPopuationDiverstyAna » | | 5-{) ELn e e USSL0) “ Selector ‘
| - =@ Successor = null ¥ "~ @ Results = ResutCollection E @ SubScopesProcessor L
| ¢ Madmization = False @ Random = Mersenne Twister = @ SubScopesProcessor |
il 42 Solution (TSPTour) = ke @ EvaluatedSokstions = 2179 @ MergingReducer
| \'ﬁ Quality (TSP TourLengtl| @ Generations = 21 @ IntCounter
| 4% Results = ResultCollecti = @ MuttiAnalyzerUpdateCounter = 0 @ Comparator
@ StoreHistory = False @ BestSolution = PathTSPTour @ Analyzer
@ Updatelnterval = 1 @ AleleFrequencyAnalyzerUpdateCol @ ConditionalBranch
@3 UpdateCounter (Popula @ PopulationDiverstyAnalyzerUpdate & Selecior
2-{} GeneticAligorthmMainL| | @ BestQualty = 36215 954 S opeiProcessor
@ Successor = nul @ CumentBestGQualtty = 36215 @SubS P
¢ Random = Mersenr @ CumentAverageQualty = 40812.74 ©MergingRed
%% Madmization = Fals @ CumentWorstQualtty = 45147 Q""""g
%2 Qualty (TSPTourle @ Qualties = Qualties $itCounber
& Selector = Proportic @ AbsoluteDiferenceBestKnownToB ?Cunpnur
| @ Crossover = OrderC @ Relative DfferenceBestKnown ToBe ®Anclyzer
%% MutationProbabilty @ Teminate = Faise “ CondtionalBranch
@ Mutator = Inversion @-{} 15(2+0) ¥ Selector
& Evaluator = TSPRo -} 0(2+0) ¥ SubScopesProcessor
43 Bites =1 @-{} 12+0) @ SubScopesProcessor
< il -4 MaximumGeneratior @-{} 2(2+0) @ MergingReducer
= % Results = Type mist ™ @-{} 3+0) @ IntCounter -
) () = sk sk ™! R K == ' - )

Execution Time: 00:00:03.5182012
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Agenda

HeuristicLab

e Objectives of the Tutorial

e Introduction

e Where to get HeuristicLab?

e Plugin Infrastructure

e Graphical User Interface
 Available Algorithms & Problems

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

e Some Additional Features
e Planned Features

* Team

e Suggested Readings

e Bibliography

e (Questions & Answers



Demonstration Part Il:
Data-based I\/Iodeling HeuristicLab

 Introduction

e Regression with HeuristicLab

* Model simplification and export
e Variable relevance analysis

e Classification with HeuristicLab



Introduction to Data-based Modeling

HeuristicLab

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

e 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
Heu 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

e Demonstration

— problem configuration
e data import
e target variable
e input variables
e data partitions (training and test)

— analysis of results T
* accuracy metrics 3165
e visualization of model output 2 1452
£ 154 Sy
=
g‘ 0.106} %
-0.9142} 4 s
A
R T R CH

Estimated Values

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



Case Study: Regression

HeuristicLab

 Poly-10 benchmark problem dataset
— 10 input variables x; ... x4,

— non-linear modeling approach necessary

— frequently used in GP literature

— download
http://dev.heuristiclab.com/AdditionalMaterial#GECC02012




Linear Regression

e Create new algorithm

HL HeuristicLab Optimizer 3.3.3.5837

File

[ preoqdip =

/Start Page |

Edit View Services Help

7

HeuristicLab 37
Follow these steps to sff "e* ftem ==
1. Open an alg : a
. dicke_‘l{N }.‘?'...e..__..... W... W.,...-...-.__..,...... T
¥, Simulated Annealing 3335809 Asimulated ling algorith
2. Open a pri #, Tabu Search 3.3.3.5809 Atabu search algorthm,
 inthe Proble #, User-Defined Algorithm 3335899 An algorthm which can be defined by the user.
2 Soipe #, Variable Neighborhood Search 3335830 A variable neighborhood search algorithm. —
e setproblem Data Analysis
e setalgorith #, Cross Validation 3405914 Cross Validation wrapper for data analysis algorithms.
4 Runthe aigo #yk-Means 34.05914 The k-Means clustering algorthm. :
o dlickh (Sta #, Linear Discriminant Analysis 3405914 Linear discriminant analysis classfication algorthm. |
e waitforthe F A Linear Regression 3405914 Linear regression data analysis algorthm
#; Support Veector Classfiication 3405914 Support vector machine classfication data analysis alg
5. Check results +, Support Vector Regression 3405914 Support vector mact gr data analysis algort| |
: :::::T;ﬁm Problems
i Atificial At Problem 3405869 Represents the Atificial Ant problem.
Looking for predefined #% Classffication Problem 3405914 A general classfication problem.
® checkoutthesal] | | 3 Clustering Problem 3405914 Ageneral clustering problem.
Samples #% Extemal Evaluation Problem 3335809 Aproblem that is evaluated in a diferent process.
Name % Knapsack Problem 3335809 Rep a Knapsack probl
- J i OneMax Problem 3335809 Represents a OneMax Problem. -
% Evolution Sirtegy - G i m = b
#, Genetic Algorithm - T
%, Genetic Algorithm -
#, Genetic Programming
#, Genetic Programming

f._,l.ocdSea'd'l-lG'lwsad(

#, Genetic Programming - Symbolic Regr 1
% Island Genetic Algorthm - TSP

A standard genetic programming algorthm to solve a symbolic regression problem fower dataset)
Anisland genetic algorithm which solves the "ch130" traveling salesman problem (mported from TSPLIE)

that solves a

Alocal search algorith

afile

still have to be set)

n

| »

m

Show Start Page on Startup

HeuristicLab Tutorial
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Import Data from CSV-File HL,

HeuristicLab
[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] E=gCy ™™
File Edit View Services Help
D d ' |
StartPage)/I.ineachg:ﬁsion ] - X
® 3

Name: Linear Regression
Problem | Parameters | Resutts | Runs |

Name: Regressio

[ paeoqdip i |

Execution Time: 00:00:00

(2] (u] (2] (@]

57
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Inspect and Configure Dataset HL,

" HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (o] @ [t
File Edit View Services Help
I U L/jh H < "
;,_-._- StanPage)/lilwaqutession] - X
o
= | MName:  Linear Regression @ =3
o
2| | Problem | Parameters | Resuts | Runs |
Name: Regression Problem @ =
[ Import from CSV file ]
Parameters
&) 2] 24 [X
- Details
S Pobionata:Data ipoted fom mlvrt
Name: ProblemData ON-"]
Data Type: |RegressionProblemData (RegressionProblemData)
Value
Show in Run: [¥]
Name:  Data imported from multivariate poly-10.csv ® 8
Parameters
+ x & =
Details
¥4 Dataset .
%3 Input Variables: ReadOnlyCheckedltembist<Strl ~ Name:  Dataset ® 3
91‘“%{] Data T?PEZ Dataset
@, TestPartition: Start: 250, End: 500 "
@, TrainingParttion: Stat: 0, End: 250 e
#| | K| Showin Run:
Rows: 500 :I[_Ei
« m »
< 0 | »

Execution Time: 00:00:00
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Inspect Imported Data

r

HL HeuristicLab Optimizer 3.3.3.5837

Eile Edit View Services Help
Do

Start Page }klinur Regression /J/ ProblemData ]

- X

Name:

[ pieoqdiy =]

@ TargetVariable: féx)
@, TestParition: Start: 250, End: 500
@, TrainingPartition: Start: 0, End: 250

Data Type: IRegressionProblemData (RegressionProblemData)

Value
Show in Run:
Name:  Dataimported from multivariate poly-10.csv
Parameters

Data Type: Dataset

Value

#| | K| ShowinRun: [¥]
Rows: 500

Columns: 12

® =

ORE"!
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Set Target Variable

HeuristicLab
[ HL HeuristicLab Optimizer 3.33.5837 =)
Eile Edit View Services Help
DEE _
1| Start Page | Linear Regression ) ProblemData | v X
% Name: ProblemData @ 8
é Data Type: IRegressionProblemData (RegressionProblemData)
Value
Show in Run:
Name:  Dataimported from multivariate poly-10.csv @ =3
Parameters

+) @) @0 <) B =

60+N(0.0.05)
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Select Input Variables

r
HL HeuristicLab Optimizer 3.3.3.5837

HeuristicLab

File Edit View Services Help
D

T‘;_‘ Start Page Vlinur Regression )/ ProblemDm]
o
S| Name: ProblemData D =2
o
2 Data Type: IRegressionProblemData (RegressionProblemData)
Value
Show in Run:
|
Name:  Dataimported from mutivariate poly-10.csv @ =8
Parameters
- x] (@ =
4% Dataset Detate - i
Nome: inputVorates ® 3
¥ TargetVanable: féx) Data Type: ReadOnlyCheckedtemList<StingValue>
@, TestParition: Start: 250, End: 500 Vakioo

@, TrainingPartition: Start: 0, End: 250
#| | K| ShowinRun: [7]

SISISISS

[ @ F6+N(0.0.05)

HeuristicLab Tutorial http://dev.heuristiclab.com 61



Configure Training and Test Partitions HL

HeuristicLab
[ HL HeuristicLab Optimizer 3.3.3.5837 =™
Eile Edit View Services Help

Sl A" | _

—;_ Start Page }/Linur Regression /J/ ProblemDah] - X

)

2| Name ProblemData ® =

=]

Z| DataType: IRegressionProblemData (RegressionProblemData)

Value

Show in Run:
Name:  Data imported from multivariate poly-10.csv @ =8
Parameters

) 6@ ) @ =
%3 Input Variables: ReadOnlyCheckedhemlistcStr,  Name:  TrainingPartition ® =5
@ TargetVariable: f6) Data Type: IntRange

@, TestPadition: Start: 250, End: 500

N TrainingPartition: Start: 0, End: 250 o

# | || Showin Run: [7]
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Run Linear Regression

[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
File Edit View Services Help

hEa :
ShrtPage)/I.ilwarRegteﬁion] - X

HeuristicLab

Name:  Linear Regression ® 3
Problem | Parameters | Results | Runs |

D&

Name:  Regression Problem @ =8
l importfrom CSV file |
Parameters

+] 2] &Y (%] @& =

4 ProblemData: Data imported from multivariate .

| pieoqdiy & |

Details
Name: ProblemData ON-]
Data Type: IRegressionProblemData (RegressionProblemData)

Value

E Show in Run: [¥]

Name:  Dataimported from multivariate poly-10.csv ® 8
Parameters

FHEXNEE

42 Dataset
43 InputVariables: ReadOnlyCheckedltemList<Str
@ TargetVariable: ffx)

@, TestPartition: Start: 250, End: 500
@, TrainingPartition: Start: 0, End: 250
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Inspect Results

! HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
Eile Edit View Services Help
LEd _ i
‘ Start Pageyl.inear Regression ] - X

HeuristicLab

HL
g Name:  Linear Regression @ =
2| [Fobln [ Paamet] Resuts s |

Results

4| [B1) x| 5

f‘WWM‘.MﬁCWi w =

¥ Root mean square emor: 0.6322147386883381
"IEdinatedtootmmsquﬂm{u‘m—vaidsi @ @ @ x| |5
@ Average relative emor test): 2519.5707855105 %

¥ Average relative emor training). 1632.67737047602 %

@ Mean squared emor ftest): 0.36478928016430895

# Mean squared emor fraining): 0.39969547581476439

J< Model: SymbolicRegressionModel

@ ModelDepth: 4

@ ModelLength: 14

@ Pearson’s R fest): 0.0088302487307643576

@ Pearson’s R? fraining): 0.0529955738364517

@3 ProblemData: Data imported from muktivariate poly-10.csv
iill RegressionSolution ScatterPiot

(il RegressionSolution EstimatedValues

= @ Execution Time: 00:00:00.0570033
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Inspect Scatterplot of Predicted and Target HL
Va l Ues HeuristicLab

r
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help
DEd _
,,—L- Start Pageyl.inear Regression ] - X
o
= | MName:  Linear Regression @ 8
o
2| |Problem | Parameters | Resuts | Runs |
| Results
+ x) &
Details
T — — Regression Solution _-&
i'lEdimateﬂﬂmt|1'|ea|'1aquam*.alror{el'oss—\vaidaii @ @ @ P
@ Average relative emor test): 2519.5707855105 Feie
¥ Average relative emor training). 1632.67737047 e
& . samples * Testsamples
# Mean squared emor ftest): 0.364789280164308 « Training samples
@ Mean squared emor training): 0.399695475814
J< Model: SymbolicRegressionModel 3.165
¥ ModelDepth: 4
@ ModelLength: 14
@ Pearson’s R? fest): 0.0088302487307643576 21452
@ Pearson’s R? fraining): 0.0529955738364517 &
3 ProblemData: Data impoted from mutivariate p¢ S 1 1254
'1'| Regression Solution ScatterPlot <
il RegressionSolution LineChart s
(il RegressionSolution EstimatedValues g 0.1086
'_
-0.9142
19 o 0.1056 2.1452
0.9142 1.1254 3.165
Estimated Values
e < | n ] '
< | T b
| [n] [m] (@] Execution Time: 00:00:00.0570033
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Inspect Linechart

<
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
File Edit View Services Help

HeuristicLab

e d

1| StartPage ) linear Regression |
':';_1.' Name: Linear Regression

2] Lmum|pm1nms|m..|

?.IXI

Details
R o Schil
(] (&1 &) [X
@ Average relative emor test): 2519.5707855105
¥ Average relative emor training). 1632.67737047
@ Mean squared emor ftest): 0.364789280164308
# Mean squared eor fraining): 0.399695475814
S« Model: SymbolicRegressionModel
@ ModelDepth: 4
# ModelLength: 14 2
@ Pearson’s R* fest): 0.0088302487307643576
@ Pearson’s R? fraining): 0.0529955738364517
%3 ProblemData: Data imported from muttivariate pc
mwm ScatterPlot

Details

— f{x) —— SymbolicRegressionSolution

raining
Test

|| F— *

nj(m] Execution Time: 00:00:00.0570033
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Inspect the Model

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
File Edit View Services Help

‘NEd
1|/ StartPage | LinearRegression ) Model | - X
o)
‘g— Name: Model @ %
2| DotaType: [SymboicRegessonklodd

Value

Result=(co-xl+c1-x24+c2-x3+ca-xd+cy-xD+es-x6+ce-x7T+er-x8+cs-x9+ co-x10+ c1w)

co = 0.081337
€1 = 0.19906
€y = —0.029881
€3 = 0.078892
€y = —0.010307
cs = 0.031685
€= —0.047071
cr = —0.029194
cg = 0.0015768
cop = 0.10525

0.020099

Cl1o =
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Symbolic Regression with HeuristicLab

HeuristicLab

e Linear regression produced an inaccurate model.

e 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 eU r|St|CLa b HeuristicLab

e 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 HL,

HeuristicLab
[ HL Heuristictab Optimizer 3.3.3.5837 =o/®] = |
Edit View Services Help
|
T Start Page -
-
2| HeuristicLab vi
|2 Followthese steps to sff "N ftem =] a
1. Open anﬁauo Naing Version  Description =
o click ) (Ne .
Algorithms
2. Openapm Eoomb dimm Cheatam 200 An aush dise cteabas
« inthe Proble #, Genetic Algorithm 3.3.35809 A genetic algorithm. afile
T —— Sp—— 330003 R ISI3NT Qenens SIQomTm. =
& f‘“:;":;';f:: 7, Island Offspring Selection Genetic Algothm ~ 3.3.3.5809  An island offspring selection genetic algorithm. E
- setzloorim #, Local Search 3.3.3.5809 Alocal search algorithm.
#, NSGAI 3335809 The Nondominated Sorting Genetic Algorithm Il was int
4. Run the algorith #, Offspring Selection Genetic Algorithm 33.35809 An offspring selection genetic algorithm (Affenzeller, M.
o clickl (Sta #, Paticle Swam Optimization 3335941 Aparticle swam optimization algorithm based on the de still have to be set)
® waitforthe 7, SASEGASA 3.3.35809 The seff-adaptive segregative genetic algorthm with sir
5 Chack Tosults ¥, Simulated Annealing 3335809 Asimulated annealing algorthm. i
St b #, Tabu Search 3335809 Atabu search aigorthm.
o clickh( #, User-Defined Algorithm 3335899 An algorthm which can be defined by the user.
#, Variable Neighborhood Search 3335830 A varable neighborhood search algorthm.
Looking for predefined .
o thack oulthe Data Analysis L
#,Cross Validation 3405914 Cross Validation wrapper for data analysis algorithms.
Samples % k-Means 3405914 The k-Means clustering algorthm.
Name _ %, Linear Discriminant Analysis 3405914 Linear discriminant is classification algorithm. A
%_,Evd.ﬁon Strategy - 4| inea 405914 near reqression data anabsi a2
% : T < | m ] *
¥, Genetic Algorithm - =
%, Genetic Programming
% Genetic Programming -, r
%, Genetic Programming - Symbolic Regression A standard genetic programming algorithm to solve a symbolic regression problem fower dataset)
%, lsland Genetic Algorithm - TSP Anisland genetic algorithm which solves the "ch130" traveling salesman problem (mported from TSPLIB)
4, Local Search - Knapsack Alocal search algorthm that solves a randomly generated Knapsack problem -
Show Start Page on Startup (V]
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Create New Symbolic Regression Problem HL

HeuristicLab

[sl@] = T

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
File Edit View Services Help

DEd
| /" Start Page )" Genetic Algorithm | v X
q .
% fave ww‘f Select Problem i ® =3
a Problem | Parameters
= l—lﬂ Available Problems
5] Q
@-{} HeuristicLab Optimization 3.3
*

- {} HeursticLab Problems AdfficialAnt 3.4

-} Lab.ProbluM,.Sy!Tboic.3,4
%% Symbolic Regression Problem (single objective)

{} HeuristicLab.Problems OneMax 3.3

-{} HeuristicLab_Problems QuadraticAssignment 3.3
-{} HeunsticLab Problems_ TestFunctions 3.3

~{} HeunsticLab.Problems. TravelingSalesman 3.3
{} HeuristicLab Problems VehicleRouting 2.3

B-8-8-5--8-4
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Import Data

HeuristicLab
rHL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] | B
Eile Edit View Services Help
ned :
ShrtPage)/GeneﬁcMgmiﬂlm] - X
® =5

Name: Genetic Algorithm

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

Name: wnbolic Regres:

| pieoqdiy & |

E X

¢ BestKnownQualty: 0

@ Evaluator: Pearson R? Evaluator

@, FinessCalculationPartition: Start: 0, End: 250
@ MaximumSymbolicExpression TreeDepth: 8
@ MaximumSymbolicExpression TreeLength: 25
%% ProblemData: Data imported from multivariate ¢
@ RelativeNumberOf EvaluatedSamples: 100 %
%% SymbolicExpression TreeGrammar: TypeCohere
@, ValidationPartition: Start: 0, End: 0

@ “ " @ Execution Time: 00:00:00

72
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Inspect Data and Configure Dataset

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File

Edit View Services Help

[ preoqdy = |

D d

_ Start Page " Genetic Algorithm |

Name: Genetic Algorithm

Name:

1

Parameters

Symbolic Regression Problem (single objective)

Import from CSV file

+ (21) (&Y [x

¢ BestKnownGualty: 0

@ Evaluator: Pearson R? Evaluator
@, FinessCalculationPartttion: Start: 0, End: 250
@ Maxi Symbolic Bxg ionTreeDepth: 8
@ MaximumSymbolicExpression TreeLength: 25

# RelativeNumberOf EvaluatedSamples: 100 %
%% SymbolicExpression TreeGrammar: TypeCohere
&, ValidationParition: Statt: 0, End: 0

LU

4 ProblemData: Data imported from multivaniate g

ProblemData

Data Type: |RegressionProblemData (RegressionProblemData)

Show in Run: [V

Name: Data imported from multivariate poly-10.csv
P;

arameters
+ @ 0 X

4 Dataset

qs InputVariables: ReadOnlyCheckedktemList<Str
@ TargetVarable: x1

@, TestPartition: Start: 250, End: 500
@, TrainingPartition: Start: 0, End: 250

Execution Time: 00:00:00

HeuristicLab Tutorial
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Set Target and Input Variables HL,

HeuristicLab

f HL HeuristicLab Optimizer 3.3.3.5837 EM
Eile Edit View Services Help
501" _
:ll Start Page | Genetic Algorithm ) ProblemData | - X
%I Name: ProblemData ® =
g | Data Type: |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

Name:  Dataimported from multivariate poly-10.csv @ =8
Parameters

¢) 01 ) ) @ 5

9 Dataset Details

o NI Nome:  puVaabes OF-

@ TargetVariable: f(x) Data Type: ReadOnlyCheckedhtemList<StingValue>
@, TestParition: Start: 250, End: 500

@, TrainingPartition: Start: 0, End: 250

7] @ F6+N(0.0.05)
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Configure Maximal Model Depth and HL
Le n gt h HeuristicLab

r
1L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] ESNEE™
File Edit View Services Help
e d
Start Page ) Genetic Algorithm | - X
® =5

Name: Genetic Algorithm

|
® =

Name: Symbolic Regression Problem (single objective)
J

[ preoqdip =] 7

( Import from CSV file
Parameters

[ X
¢ BestKnownQualty: 0
:'Ev sustor: Pearson R? Evaluator Name: Maxdimum Symbolic Expression TreeLength ® =5
siiatssoalcdaiosRatiionetatl Data Type: intValue

Value
e — y.4 . | Show in Run: [¥]
¥ RelativeNumberOf EvaluatedSamples: 100 %
Value: 100 ._-S

“4% SymbolicExpression TreeGrammar: TypeCohere
@, ValidationPartition: Start: 0, End: 0

Execution Time:  00:00:00

75
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Configure Function Set (Grammar) HL

r
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

(= | © o

File

[ paeoqdip i |

Edit View Services Help

‘e d

Start Page )/ Genetic Algorithm |

Name:  Genetic Agorthm
Problem | Parameters | Resuts | Runs | Operator Graph | Engine |

Name:

Symbolic Regression Problem (single objective)

[

Import from CSV file

Parameters

+) f) &4 [x

@ BestKnownGualty: 0

W Evaluator: Pearson R? Evaluator
@, FitnessCalculationPartition: Start: 0, End: 250
@ Maximum SymbolicExpression TreeDepth: 10
@ MaximumSymbolicExpression TreeLength: 100
4 ProblemData: Data imported from multivariate ¢
¥ RelativeNumberOfEvaluatedSamples: 100 %
o T — e ——o—

@, ValidationPartition: Start: 0, End: 0

Data Type:

Show in Run: [¥]

TypeCoherent ExpressionGrammar

Name:

tems

||t

Symbolic Expression TreeGrammar
|Symbolic DataAnalysisGrammar (TypeCoherent ExpressionGrammar)

) (% B3

[¥] “i% Muttiplication
[[] 4% Average
(14 Sine

[7] 44 Cosine

® 5

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

HeuristicLab
[ HL HeuristicLab Optimizer 3.3.3.5837 S
Eile Edit View Services Help
_,| Start Page | Genetic Algorithm )} SymbolicExpressionTreeG | - X
g Name: Symbolic Expression TreeGrammar @ =3
9:'.._ Data Type:  |SymbolicDataAnalysisGrammar (TypeCoherent BxpressionGrammar)
Value

Show in Run: [V]
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Configure Algorithm Parameters HL

r
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

(= | © o

Eile Edit View Services Help

- X

1
i | Start Page )} Genetic Algorithm |

P i Probabiy 15
@ Mutator: null

@ PopulationSize: 1000

@ Seed: 1128385197

¥ Selector: Proportional Selector
@ SetSeedRandomly: True

Detais
Name: MutationProbability
Data Type: PercentValue

Value
Show in Run:

Value: 15%

® =

Execution Time: 00:00:00

HeuristicLab Tutorial
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Configure Mutation Operator HL,

HeuristicLab
(o | & et

r
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
Eile Edit View Services Help

hed
Start Page )} Genetic Algorithm |
® =5

- X

Name: Genetic Algorthm

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

+ ) &l [
@ Analyzer: MultiAnalyzer

@ Crossover: SubtreeCrossover
@ Bites: 1
@ MutationProbabity: 15 %
“® Mutator: null

[ paeoqdip i |

® =

ow in Run: [¥]

@ Seed: 1128385197
¥ Selector: Proportional Selector
@ SetSeedRandomly: True

Execution Time: 00:00:00

(2] (u] (2] (@]
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HeuristicLab

Configure Selection Operator HL

r
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
Eile Edit View Services Help

DN d ' _
Start Page )/ Genetic Algorithm ]
® =3

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

+ ) )

- Details

v Analyzer: MultiAnalyzer

@ Crossover: SubtreeCrossover Name: Selector ® B
¥ Eites: 1 Data Type: ISelector (ProportionalSelector)

’ i jons: 1000

@ MutationProbabilty: 15 %
@ Mutator: null

@ PopulationSize: 1000

- X

[ paeoqdip i |

bhow in Run: [¥7]
® =3

%4 Manimization
¥ NumberOf Selected SubScopes: 1998
¥ Windowing: True

Execution Time: 00:00:00

(2] (u] (2] (@]
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Configure Tournament Group Size HL

[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] =™
File Edit View Services Help
D | -
: Start Page )/ Genetic Algorithm ] - X
O
'E." Name:  Genetic Algorithm ON=]
| 5] | Problem | Parameters | Resuts | Runs | Operator Graph | Engine |
Parameters
+ X @& @

- Details

v Analyzer: MultiAnalyzer

@ Crossover: SubtreeCrossover Name: Selector ® B

¥ Bites: 1 Data Type: |Selector (ToumamentSelector)

¢ Maxi jons: 1000

@ MutationProbability: 15 %

& Mutator: MukiSymbolicExpressionTreeManipuk{ [lil| Toumament Selector ~| Jprowin Run: 7]

@ PopulationSize: 1000 . -

@ Seed: 839777619 " loummmenCIenci ® =3

© Selector: ToumamentSelector Breakpoint: []

@ SetSeedRandomly: True Parameters

(] &) &Y (X
¢ CopySelected: True Detats
‘e Neme:  Grupsue ® 2
1% Mavdmization Actual Name: GroupSize

24! 11 3

# NumberOfSelectedSubScopes: 1938

Execution Time: 00:00:00
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Start Algorithm and Inspect Results

HL.

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Results

+ 0 @) (%) @&

File Edit View Services Help
D dE
1|/ StartPage ) Genetic Algorithm | - X
0

g_ Name:  Genetic Algorithm ® =3
5] [ Poblem | Parameters | Resuts [ Runs | Operstor Graph | Engine|

¥ EvaluatedSolutions: 2938
# Generations: 2
| Symbol frequencies: Symbol frequencies
| Variable frequencies: Variable frequencies
“B\Fa‘lﬂe impacts: [[0.111346658697986)[0.11(
| Symbolic expression tree length: Values
Jfe Best training solution: SymbolicRegressionSolu
@ Best training solution quality: 0.439120064457,
# CurentBestQualty: 0.43912006445703716
@ CumentAverageQuality: 0.0401372471497722
 CurentWorstQualty: 0
 BestQualtty: 0.43912006445703716
@ BestKnownQuality: 0
¥ Absolute DifferenceBestKnownToBest: 0.4391.
# RelativeDifferenceBestknown ToBest: NaN
Al Qualties: Qualities

Execution Time: 00:00:11.8136757
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Inspect Quality Chart

HeuristicLab

r
| HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help
hEd
Start PageyGenetic Algorithm ]

Name: Genetic Algorthm

| pieoqdiy & |

| Problem | Parameters | Resuls | Runs | Operator Graph | Engine |

Results
+ 0 @ X @
@ EvaluatedSohutions: 12988
# Generations: 12
4| Symbol frequencies: Symbol frequencies
| Variable frequencies: Variable frequencies
4% Variable impacts: [[0.169007866176391)(0.15
] Symbolic expression tree length: Values
f Best training solution: Symbolic RegressionSolu
@ Best training solution qualty: 0643049236747
@ CumentBestQuality: 0.64304923674723369
@ CumentAverageQuality: 0.3218417543298288
@ CumentWorstQualty: 0
@ BestQuality: 0.64304923674723369
@ BestKnownQualty: 0
¥ AbsoluteDifference BestKnown ToBest: 0.6430
# Relative DifferenceBestKnown ToBest: NaN

Name:  Qualties

® =

Qualities

— CurrentWorstQuality —— BestQuality —— BestKnownQuality

—— CurrentBestQuality
~— CurrentAverageQuality

0.84

06+

04+

02+

0 n 12

13

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

HeuristicLab
[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] =™
Eile Edit View Services Help
: Start Page )/ Genetic Algorithm ] - X
'E._" Name:  Genetic Algorithm ® =
2| [ Problem | Parameters | Resuts [Runs | Operator Graph | Engine
Resuits

| + x @

@ EvaluatedSolutions: 28972

# Generations: 28

4| Symbol frequencies: Symbol frequencies

| Variable frequencies: Variable frequencies
% Variable impacts: [[0.190574222614998](0.17"|

Det ails
Regression Solution
+ @) @

Det

@ Average relative emor flest): 354.48994152378¢
¥ Average relative emor training). 336.30611600€ >

ails

All samples

# Mean squared emor fest): 0.164930318235415 « Training samples

_X Best training solution: Symbolic RegressionSolu
e # Mean squared emor fraining): 0.141423207746
@ CumentBestQualty: 0.664923893808952 J« Model: SymbolicRegressionModel 3.165
@ CurentAverageQualty: 0.3973517188219498| [| ¥ ModelDepth: 13
@ CumentWorstQualty: 0 ¥ Modellength: 71
@ BestQualty: 0.664323893808952 @ Pearson’s R* fest): 0.50093645095906758 2.1452
@ BestKnowGualty: 0 @ Pearson's R fraining): 0.66492389380895156 .
@ Absolute DiferenceBestirown ToBest: 06649 | |6 ProblemData: Data impoded from mutivariste p 5 1 1254
¥ RelativeDifferenceBestKnownToBest: NaN ﬂRegeﬁmSol.ﬂon ScatterPlot =
4] Qualties: Qual ﬂReo‘essmSou:oaneﬂ'm ‘g',
(iill RegressionSolution EstimatedValues 5 0.1056
-0.9142
193 5 0.1056 2.1452
09142 11254 3.165
Estimated Values
7y = )
v () (@) (@ Execution Time: 00:01:17.4564302
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Inspect Linechart of Best Model on Training HL
Partition HeuristicLab




Inspect Structure of Best Model on Training HL
Partition

r =
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] m -El:
Eile Edit View Services Help

HeuristicLab

DFH

|| StartPage | Genetic Algorithm ) Model | ==
o

'g. Name: Model| @ =8
Z| DataType: SymbolicRegressionModel

Value
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Model Simplification and Export

HeuristicLab

e Demonstration
— automatic simplification

— visualization of node impacts

— manual simplification
e online update of results

— model export
* MATLAB
< | z6(t) - x5(t) - cgq + z4(t) - cer 4+ xd(t) - 23(t) - eq0 + i 1 +ec19 | +e91
(
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Detailed Model Analysis and
Simplification HLL’b

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] ESEE™
File Edit View Services Help
‘Nz
| StartPage ) Genetic Algorithm | - X
[a]
2| Name: Genetic Algorithm @ =5
o i
Results
r 2t &Y (X &
Detais
@ EvaluatedSolutions: 29971
@ Generations: 29 9 : ]
] Symbol frequencies: Symbol frequencies x &
/| Variable frequencies: Variable frequencies ) Details
o @ Average relative emor fest): 425.61832269187
%] Symbolic expression tree length: Values fAUuage!ddivemtru’ﬁg]:Z?{W?‘iB{iB} = Al samples +  Testsamples
fe Best training solution: SymbolicRegressionSolu | ¥ Mean squared emor fest): 0.168023134875681 « Training samples
@ Best traini hit ity: 0663242537514 @ Mean squared emor fraining): 0.142132845933
@ CurrentBestQualiy: 0.6632425375144686 J« Model: SymbolicRegressionModel 3.165
@ CumentAverageQualty: 0.3397092569770033| | ¥ ModelDepth: 11
& Ginert\ 0 # ModelLength: 49
9 By 0:.Issazu s A @ Pearson's R* fest): 0.49089842084720781 21452
@ BestKnownQuaity: 0 @ Pearson’s R? fraining): 0.66324253751446971 i
@ AbsokteDiferenceBestinownToBest: 06632 | & ProblemData: Data impoted frommutivaiate pd 3 9 1254
@ RelativeDfferenceBestknownToBest: NaN Ul RegressionSolion ScatterPlot S
4] Qualiies: Quaiti il RegressionSolution LineChart 3
(il RegressionSolution EstimatedValues E 0.1056
-0.9142
-1.934
-1.934 0.1056 2.1452
09142 1.1254 3.165
Estimated Values
4 L] 3
£ m L3
b () (@) (@ Execution Time: 00:01:00.4074551
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Symbolic Simplification and Node

Impacts

HL

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

‘DA

pieogdi|

T” Start Page | Genetic Algorithm ) Interactive Regression Solutio... |
(]

Details
R s0n Soluti

o 6 @ (X @

¢ Average relative emor fest): 473.618715910248 %
@ Average relative emor fraining): 245.090781502651 °
@ Mean squared emor fest): 0.163506091453717

# Mean squared emor fraining): 0.1415659913306669’
J Model: SymbolicRegressionModel

@ ModelDepth: 12

@ ModelLength: 53

Subtraction

on
tiplid) ubteact) [42[s7
ation on 63|43
- J
AT
38
{0 SE-

7

Subtr,
ion

74
3E

i

00

Multipli\ [Multipli'
cation cation

@ Pearson's R? fest): 0.50347666384730766
@ Pearson's R? fraining): 0.66458559454272514

4 ProblemData: Data imported from mutivariate poly-10
Subtraction il RegressionSolution LineChart

Multiphi'
cation

4

-3 Addition
4 Node impact: -0.00166473209841678
~oll.ool =0 l.ool Lool | <o Replacement value: 26.3974611821139

Simplify

—_

HeuristicLab Tutorial
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Manual Simplification

[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (o O
File Edit View Services Help
‘e d
HL Start Page | Genetic Algorithm }” Interactive Regression Solutio... | v X
S| sy Dets
Regression Soktion R
d JHENE (e

@
9.|
1
4] E
lﬁ.SGO é‘ 2.619| [
JEH)| 001 0EH
00 x4 x 01

-

R

N
Multiplicats\ Mdultiplicatt) Mfultiplicatid
on on n 7
|40 )
02E 02E B
=000 +000 00 x5
4 4 6 »

:
9
4

@ Average relative emor fest): 497.347029771583 %
@ Average relative ermor fraining): 210.827113981827 '
@ Mean squared emor fest): 0.16222671796286908
# Mean squared eror raining): 0.1407763050506841
J Model: SymbolicRegressionModel

@ ModelDepth: 11

@ ModelLength: 41

@ Pearson’s R? fest): 0.50720401737421239

@ Pearson’s R? fraining): 0.66645660997240819

click nodes

] i r

Simplify ]

HeuristicLab Tutorial
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Automatic Symbolic Simplification HL

r

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit
nod

View Services Help

Start Page | Genetic Algorithm }” Interactive Regression Solutio... |

Simplify

| pieogdipy [-:-I

ks Tl

s fa i i

Details
R i0n Soluti

--f[ﬂ)\@

@ Average relative ermor fest): 497.347029771588 %
@ Average relative ermor fraining): 210.827112981827 °
@ Mean squared error fest): 0.16222671796286308

# Mean squared eror raining): 0.1407763050506841
J Model: SymbolicRegressionModel

@ ModelDepth: 10

@ ModelLength: 34

@ Pearson's R? fest): 0.50720401737421206

@ Pearson's R? fraining): 0.66645660997240852

4 ProblemData: Data imported from muttivariate poly-10
iill RegressionSolution ScatterPiot

HeuristicLab Tutorial
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Textual Representations Are Also HL.
Ava | I a b I e HeuristicLab

 Use ViewHost to switch to textual representation view.
[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] M

File Edit View Services Help
‘DEd
Start Page ]/LinearRegmsion)’ Model ] - X

'f. Name: Model| ® =3
:5_ Data Type: SymbolicRegressionModel
Value

Nameditem View
SymbolicDataAnalysisModel TextualRepresentation
gracloniiet ¥ | SymbolicDataAnalysisModel GraphicalRepresentation
el e e i
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Default Textual Representation for

Model Export

HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help
D& d
__l Start Page | Linear Regression }"Model |

Name: [Modell
Data Type: SymbolicRegressionModel

Formatter: | Defaut String Formatter

(ProgramRoot.
(Start Symbol

(Addtion
(8.1337E-002x1)
(1.9906€-001 x2)
(-2.9881E-002x3)
(7.8892E-002 x4)
(-1.0307E-002x5)
(3.1685E-002x6)
(4.7071E-002x7)
(:2.9194E-002x8)
(1.5768E-0039)
(1.0525E-001x10)
(2.0099E-002)

)

HeuristicLab Tutorial
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Textual Representation for Export
to LaTeX

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

= | E o

Value

File Edit View Services Help
ETTHN __
m Start Page | Linear Regression ) "Model | - X
?Z_' Name: Model » 3
2| DataIype SymbolcRegressionModel

ot LaTonma mter

Zne_eds\n}madcagehmdh}

\begin{align
Resutt & = Neft{c_{0}x18) » c_{1} x28) » c_{2} x38) » c_{3} x48) + c_{4} x54) + c_{5} x64)} + c_{6} x7¢) + c_{7} xBE) » c_{8} x5¢) » c_{9} x10¢) » c_{10} ‘dight) \\

c_{0} & = 0.0813371220642195\\
c_{1} & = 0.199055016563887\\
c_{2} & = -0.0298811744629839\\
c_{3} & = 0.078891883541302\\
c_{4) & = -0.0103065273366223\\
c_{5} & = 0.0316849536396099\\
c_{6} & = -0.0470707585925129\\
c_{7} & = -0.0291939124032144\\
c_{8) & = 0.00157679665070775\\
c_{9) & = 0.105250443686677\\
c_{10} & = 0.0200987846293256
\end{align}

Result

(cax1{t) + crx2(t) + c2x3(t) + caxd(t) + caxh(t) + caxb(t) + caxT(t) + czx8(t) + cax(t) + coxl0(t) + c10)

0.0813371220642195

= 0.199055016563887

=(LO2988 11744629539
0078801883514 1.302
—(L010306527 3366223
0.0316849536396099
—0.O4T0T0TH85925120
=0.02919391240321 44
0.001576T966507077T5

0.105250443686677

= 0.0200087846203256

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

-
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LaTeX Export

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

HeuristicLab

File Edit View Services Help

‘D d

11|/ StartPage | Genetic Algorithm | Interactive Regression Solution S...  Model |
8 o
E Data Type:  SymbolicRegressionModel

Value

Formatter: | LaTeX Sting Fomatter

% needs \usepackage {amsmath}

\begin{align

Result & = Veft(c_{0}x48) \cdot c_{1}x38) \cdot \left(c_{2) x6¢) \cdot ¢_{3} x5¢) \edot c_{4) +c_{5) x4t) \cdot c_{6}x34) \cdot c_{7} +c_{8) x4f) \cdot c_{9} x3¢) \cdot
¢ {10} + \dracic_{11)x18) ¥ \crac{ c_{12) x4¢) \cdot c_{13) x38) \cdot \left(c_{14} x4}) + c_{15}x5¢) + \craclc_{16} H \cfraclc_{177x28)} {1} } \ight) \cdot c_{18)
30} } +c_{19) \ight) \cdot ¢_{20} +c_{21} \nght) \\

c_{4) & = -157302367616477\\

c_{7) & =-0.867137925013337\\

c_{10} & = -0.867137925013337\\

c_{11} & = 1.27519578915975\\

c_{14} & = -0.017064976517855\\ Result =x4(t) - 23(t) - eag (13)

c_{15} & = 0.00314376388160885\\

c_{17) & =-3.00832012161288\\ N

§‘}g§::%ﬁ1mﬁmﬁ“g\\\\ | 26(8) - 25(2) - eg + 2A() - 2B(2) - e + TA(E) - 2B(t) - 10 + L - +ec1g | + a1

'c'zu}&--oimsammsv\\ xd(t) - z3(t) - (cuﬂ(tl + e1520(t) + —2(”) c €18

c-{21) & = 0.0465339907207764 U

\end({align}

| cq = —1.57302367616477 (15)

ey = —0.867137925013337 (16)

c10 = —0.867137925013337 (17)
cpy = 1.27519978915975 (18)
c1q4 = —0.017064976517855 (19)
c15 = 0.00314376088160885 (20)
c17 = —3.00832012161288 (21)
c18 = 0.867137925013387 (22)
c1g = —5.45190909809249 (23)
cop = —0.204498330755849 (24)
cpy = —0.0465339907207764 (25)
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Variable Relevance Analysis

HeuristicLab

e Which variables are important to predict classes correctly?

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

Variable frequencies

b
wn

%2 =——x7] =—x3

x10 — x4 X3 =——yff —x] —xB

04
2 » [ X =18,
5 ] —
g
('
@
2 02 //
£ 7
-
(it TERS —— |
= il B \._‘___L_: *
= > H"“ﬁ—-.._____:_' e —
0 — =
0 5 10 15 20
Generation

HeuristicLab Tutorial
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x4
x3
x1
x10
x2
x6
x8
x7
x5
x9

Relative variable relevance |
oot
0.241170172985569
0.179112369714678
0.0589664719249172
0.0544635184742382
0.0446774403657897
0.0436011597048278
0.0331173502974243
0.0226252246461621
0.01946242278034
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Inspect Variable Frequency Chart HL

HeuristicLab

HL. HeuristicLab Optimizer 3.3.3.5837 (Unsaved] (2] B |-
Eile Edit View Services Help

‘D d

| StartPage ) Genetic Algorithm | =

Name:  Genetic Algorthm OR-"]

pieoqdip =

| | Problem | Parameters | Resuts | Runs | Operator Graph | Engine |

Results

+) af) @8 [x
@ EvaluatedSolutions: 20980
Hosbammeire: Name:  Variable frequencies @ B
] Symbol frequencies: Symbol frequencies

%4 Variable frequencies: Variable frequencies Variable frequencies
% Variable impacts: [[0.243445561279645][0.18(
4] Symbolic expression tree length: Values —xf =2 =—x] =——x§ —x10 —x4 x3 —x6 —x1 —x8
Jf Best training solution: SymbolicRegressionSolu
@ Best training solution qualty: 0.475447314181/ 04+
@ CumentBestQualty: 0.47544731418103925
@ CumentAverageQualtty: 0.2394059057291435
@ CumentWorstQualiy: 0
@ BestQuality: 0.47544731418103925
@ BestKnownQualty: 0
¥ AbsoluteDifference BestKnown ToBest: 0.4754.
¥ Relative DifferenceBestKnownToBest: NaN
4| Qualties: Qualties

[ X = 18, ¥ = 0.375301495417

034

024

0.14

Relative Variable Frequency

Generation

« [m '

] () (@] (=) Execution Time: 00:00:43,3314784
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Inspect Variable Impacts

HL. HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

DEd

/1.||_Start Page ) Genetic Aigorithm | - x
(]

g; Name:  Genetic Algorthm @ &3
5| [Problem | Parameters | Resuts | Runs_| Operator Graph | Engine |

P X

# EvaluatedSolutions: 43957

# Generations: 43

] Symbol frequencies: Symbol frequencies
4| Variable frequencies: Variable frequencies

@ Best training solution quality: 0.500629316831,
@ CumentBestQuality: 0.50062931683180834

@ CumentAverageQualtty: 0.2875027821157774
# CumentWorstQualty: 0

# BestQualtty: 0.50062931683180834

@ BestKnownQualty: 0

@ Absolute DifferenceBestKnown ToBest: 0.5006.
¥ Relative DifferenceBestknownToBest: NaN
4] Qualties: Qualties

< [ ’

0.302803869106054
0.241170172985569
0.179112369714678
0.0589664719249172
0.0544635184742382
0.0446774403657897
0.0436011597048278
0.0331173502974243
0.0226252246461621
0.01946242278034

() @) (@] a]

Execution Time:  00:01:30.9862041

HeuristicLab Tutorial
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Inspect Symbol Frequencies HL

HeuristicLab
"L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [ESREE ™™
Eile Edit View Services Help

Ded i __

i | Start PageyGenetic Algorithm ] - X

o

'g. Name:  Genetic Algorthm @ 8

| 2] | Problem [ Parameters | Resuts | Runs | Operator Graph | Engine |

Results
+ &t &) (%) &

@ EvaluatedSolutions: 44356 Doty
@ Generations: 44 Name:  Symbol frequencies @ :‘g
24 Symbol frequencies: Symbol frequencies
/] Vaniable frequencies: Variable frequencies Symbol frequencies
44 Variable impacts: [[0.303671571064476){0.24:
1~/ Symbolic expression tree length: Values — ProgramRootSymbol —— Multiplication —— Addition Constant —— Subtraction
e Best training solution: SymbolicRegressionSolu — StertSymbol — Veriable = Division
@ Best training solution qualty: 0.501374825356
@ CumentBestQualty: 0.501374825356543 0351
@ CumentAverageQualty: 0.3003025078371567,
@ CumentWorstQualtty: 0 03+
¥ BestQuality: 0.501374825356543 ) Constant X = 21, Y = 0.3126176270372 }
@ BestKnownQualty: 0 2 025¢
@ AbsoluteDiferenceBestKnownToBest: 0.5013 g
@ RelativeDfferenceBestKnownToBest: NaN i 2
A Qualties: Qualties g

& 015

@

2

s 01

@

o«

005+
: == 5
0 10 20 30 40
4 11} (3
[E I @ @ Execution Time: 00:01:33.5963534
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Classification with HeuristicLab

e Symbolic classification
— evolve discriminating function using GP

— find thresholds to assign classes

e Demonstration

— real world medical application

— model accuracy

— visualization of model output
e discriminating function output

e ROC-curve

e confusion matrix

HeuristicLab Tutorial

http://dev.heuristiclab.com

HeuristicLab

Jimer.

Predicted Class 0
Predicted Class 1

Actual Class 0 Actual Class 1

A

64 190
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Case Study: Classification

HeuristicLab

e Real world medical dataset (Mammographic Mass) from
UCI Machine Learning Repository
— data from non-invasive mammography screening
— variables:
e 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

[ HL HeuristicLab Optimizer 3.33.5837 ESEE
Eile Edit View Services Help
e d
(| StartPage | - x|
o
E;r HeuristicLab Optimizer 3.3.3.5837

Follow these steps to start working with HeuristicLab Optimizer:

1. Open an algorithm
e dick ) (New Item) in the toolbar and select an algorithm or click 5 (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 ﬂ (New Problem) and select a problem or click = (Open Problem) and load a problem from a file

3. Setparameters
« setproblem parameters in the Problem tab of the algorithm
« set algorithm parameters in the Parameters tab of the algorithm

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

e wait for the algorithm to terminate or click 11 (Pause Algorithm) to interrupt its execution or click & (Stop Algorithm) to stop its execution

5. Check results
« checkthe results on the Results tab of the algorithm
o click  (StarResume 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

| »

m

Samples

Name Description Lot
%, Evolution Strategy - Griewank An evolution strategy which solves the 10-dimensional Griewank test function

#; Genetic Algorithm - TSP A genetic algoithm which solves the "ch130" traveling salesman problem mported from TSPLIB)

+#, Genetic Algorithm - VRP A genetic algorithm which solves the "C101" vehicle routing problem mported from Solomon) =
%, Genetic Programming - Adificial Ant A standard genetic programming algorithm to solve the artificial ant problem (Santa-Fe trail)

F A Genetic Programming - Symbolic Classfication A standard genetic programming algorthm to solve a classification problem (Mammographic+Mass dataset)
#, Genetic Programming - Symbolic Regression A standard genetic programming algorithm to solve a symbolic regression problem fower dataset)

4, lsland Genetic Algorthm - TSP An island genetic algorthm which solves the “ch130" traveling sal 1 problem (imported from TSPLIB)
;‘._,LocaiSeud'l-KnaDsadt Alocal search algorthm that solves a randomly generated Knapsack problem

Show Start Page on Startup  [V]

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

Configure and Run Algorithm HL

r
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help
21 | ;
Start Page)/Genetic Algorithm ] - X
Name:  Genetic Agorthm ® =
Problem | Parameters | Resuts | Runs | Operator Graph | Engine |

Name: Symbolic Classfication Problem éhdeubjeeﬁve}
Import from CSV file ]

[ paeoqdip i |

[

Parameters
+ X

@ BestKnownGualty: 0

 Evaluator: Mean squared emor Evaluator

@ ionPartition: Start: 0, End: 480
@ MaximumSymbolicExpression TreeDepth: 8
@ MaximumSymbolicExpression TreeLength: 25
%4 ProblemData: Data imported from mammograpt
@ RelativeNumberOf EvaluatedSamples: 100 %
%% SymbolicExpression TreeGrammar: TypeCohere
@, ValidationPartition: Start: 0, End: 0

Execution Time: 00:00:00

103
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Inspect Quality Linechart

"L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [ESREE ™™
Eile Edit View Services Help

DEE .

Start PageyGenetic Algorithm ] e

® =

HeuristicLab

[ paeoqdip i |

Results

+ 1) @) (%) &

@ EvaluatedSohuions: 12988
@ Generations: 12 Name:  Qualties OR-"]
4| Symbol frequencies: Symbol frequencies
/| Variable frequencies: Variable frequencies Qualities
4 Variable impacts: [[0.297264560981191][0.281300323504
] Symbolic expression tree length: Values —— CurrentBestQuality —— CurrentWorstQuality —— BestKnownQuality
fe Best training solution: Symbolic Discriminant FunctionClassfi ~— CurrentAverageQuality —— BestQuality

@ Best training solution quality: 0.16354627161583693
@ CumentBestQuality: 0.16354627161583693 1204
@ CumentAverageQuality: 6.7795804386931877
@ CumrentWorstQualty: 105.13216269315159 100
@ BestQuality: 0.16354627161583693
@ BestKnownQualty: 0

@ PbsoluteDifference BestKnown ToBest: 0.1635462716158: 80
# Relative DifferenceBestKnown ToBest: NaN
2 Qualities: Qualities 604

< | 1t ] »

’ @ @ :“: Execution Time: 00:00:18.7230709
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Inspect Best Training Solution HL

[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] SRR
Eile Edit View Services Help
HL Start Page )/ Genetic Algorithm ] - X
o
S| Neme:  Genetic Agorthm ORC -
| 2] | Problem [ Parameters | Resuts | Runs | Operator Graph | Engine |
Resuits
| + x @&
Detais
@ EvaluatedSolutions: 38962 s
G i3 Data Analysis Solution _-‘5

4| Symbol frequencies: Symbol frequencies
| Variable frequencies: Variable frequencies
4 Variable impacts: ([0.391092402312312][0.384402747128

oy . e . IS

@ CumentBestQuality: 0.14360800172509741
@ CumentAverageQuality: 1.2251625516727878

@ CumentWorstQualtty: 100.24808593749938

@ BestQuality: 0.14360800172509741

@ BestKnownQualty: 0

¥ AbsoluteDifference BestKnown ToBest: 0.1436080017250¢
# Relative Difference BestKnown ToBest: NaN

24| Qualties: Qualties

24! 1 | 3

+| &t &Y % & Simplify

@ Accuracy fest): 76.9230769230769 %

@ Accuracy (raining). 82.2916666666667 %

@ Mean squared emror ftest): 0.1723425556733458

@ Mean squared emor fraining): 0.1433672976414071

Jf Model: Symbolic Discriminant FunctionClassficationModel
@ ModelDepth: 8

# ModelLength: 21

@ Pearson’s R? fest): 0.32572528930628269

@ Pearson’s R? fraining): 0.42586086763011921
<?Lﬁi'ﬂobleﬂm;.m:Dd,ai|'r;'mtle«1f|t:n11|'1'la|'rllﬂot;plaul'»l::‘ ._masse
(il CrassificationSolution ConfusionMatrix

| il ] »

Execution Time: IRV E L)

HeuristicLab Tutorial
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Inspect Model Output and Thresholds

r.i-;‘i_ HeuristicLab Optimizer 3.3.3.5837 [Unsaved] v |oE)y
Eile Edit View Services Help
D5d - | !
1|/ “Start Page | Genetic Algorithm ) Best training solution | v X
=
'§. Name: Best training solution ® _ﬁ
Z| DataType: SymbolicDiscriminantFunctionClassficationSolution
Value
+| X
@ Accuracy fest): 77.1309771309771 %
@ Accuracy fraining): 80.625 %
# Mean squared emor fest): 0.16198293293746 * Class0 Class 1
@ Mean squared emor fraining): 0.15795688957
S Model: Symbolic Discriminant FunctionClassfica 17
: MW"‘E‘I P P Eprp——— Wee P o W T e e
@ Pearson’s R? fest): 0.3549559676960316 .
@ Pearson’s R? fraining): 0.3776945925844265 087 4, o eercgpinain i i
%PmﬂsnD&a: Data imported from mammograpl
» SeRTT S s wEme e
3 o061 <= .
> e
- L m B0
2 . L
o
g WmESEEcREE o 0 0 5" = "
% 0_4.. . L .
w -m Ll - maem - L
-u L] -
" s WSg g ¥ sumaw L 2R
.
02 T T R e is 1o & & & =]
[sens s & b 8 22 3] (s & 21 & &8 1 ]
0 " s !
Training Samples Test Samples
Jitter: —(}

HeuristicLab Tutorial
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Inspect Confusion Matrix

II’HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
File [Edit View Services Help

HeuristicLab

‘DFd
11| “StartPage | Genetic Algorithm ) Best training solution | v X
;éf Name: Best training sokution ® =8
2| DataType: SymbolcDiscrmnantFunctionClassficationSoktion
T Voke

Data Analysis Solution =

FyXE

@ Accuracy fest): 77.1309771309771 %
@ Accuracy training): 80.625 %

@ Mean squared emor ftest): 0.16198293293746
@ Mean squared eror fraining): 0.15795688957
J< Model: Symbolic Discriminant FunctionClassfical
@ ModelDepth: 12

@ ModelLength: 44

@ Pearson's R? test): 0.3549559676960316

@ Pearson's R? fraining): 0.3776945925844265
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Inspect ROC Curve

HeuristicLab
ir.i-;‘L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] v |oE)s
Eile Edit View Services Help

DEd ) "
1|/ “Start Page | Genetic Algorithm ) Best training solution | - X
s
'“;.‘.' Name: Best training solution @ =
2| DataType: SymbolicDisciminant FunctionClassfication Solution
| Voue

Data Analysis Solution =

+) (o) [&d) (X
@ Accuracy fest): 77.1309771309771 %

@ Accuracy fraining): 80.625 %
@ Mean squared emor ftest): 0.16198293293746

# Mean squared emor graining): 0.15795688957 B Class ]
S Model: Symbolic Discriminant FunctionClassfica

@ ModelDepth: 12 [ AUC: 0842850644692874 | P
 ModelLength: 44 =

@ Pearson’s R? fest): 0.3549559676960316
@ Pearson’s R? fraining): 0.3776945925844265
4% ProblemData: Data imported from mammograpt

il Crassification Sohution ConfusionMatrix
2 p
(il Discriminant FunctionClassficationSolution Esti c 064 -1
(il Dsicriminant FunctionClassfiicationSolution Thre 2 4
E f
& /
5 04+ /
= h

02+ /{

0 0.2 04 0.6 0.8 1

False Positive Rate
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Validation of Results

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



Validation of Results L,

HeuristicLab
e Demonstration

— Configuration of a validation set
— Inspection of best solution on validation set

— Analysis of training- and validation fitness correlation

— Cross-validation
e Configuration
* Analysis of results

ariPage ) Cross Vedation | Genctic Prograr — towerResponse —— Estimated Values (test) Training and validation fitness correlation table
—_—— Estimated Values (training)

— Training and validation fitness
correlation

Name: Cross Validation
Samples Start:
Samples End:

08
[ Agorthm | Resuts | Runs |
Results

06

04

02

#=| Genetic Programming - Symbolic Regression Fold 3
=] Genetic Programming - Symbolic Regression Fold 4

7 8 9 10 11 12 13 14 15 1 17 18
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Configuration of Validation
Partition

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

HeuristicLab

Eile Edit View Services Help

‘Do d
.| “StartPage " Genetic Algorithm | Interactive Regression Solution S... | Model | v X
O 3

Name:  Genetic Aigorthm
| Problem FParameters | Resus | Runs | Operator Graph | Engine |
..

® 3

Name:  Symbolc Regression Problem (single objective)
Import from CSV file ]

[ preoqdiy =

[

Parameters
X

¥ BestKnownQualty: 0
@ Evaluator: Pearson R? Evaluator Name: Validation Partition
@ ionPartition: Start: 0. End: 150 Data Type: IntRange
@ Maximum Symbolic Expression TreeDepth: 10 Vakue

¥ Madmum Symbolic Expression TreeLength: 100

%2 ProblemData: Data imported from multivariate poly-1 7| | K| ShowinRun:
@ RelativeNumberOfEvaluatedSamples: 100 %
“% Symbolic Expression TreeGrammar: TypeCoherentEx

A ValidationPartition: Start: 150, End: 250

[

< | m

Execution Time:  00:00:00
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Inspect Best Model on Validation HL
Pa rt it | O n HeuristicLab

ol e

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help
e d
I Start Page /V Genetic Algorithm ]/Interactive Regression Solution S... ]/Model ] - X
[a)
T—'; Name: Genetic Algorithm (i) Lﬁ
(=]
i [thhm]Paametus Results Rms_IOpauuGaph]Erme]
Resuits
¢ 21 @3 (X @&
@ EvaluatedSolutions: 6994 i
@ Generations: 6~ G e =
| es: : X @
' ; : @ Average relative emor fest): 619.55929863798 Detalé
@ Average relative emor fraining): 513.423308011 & lllarilie o Teilbarcies
@ Mean squared emor fest): 0.160410832853803 - Training samples
@ Mean squared emor fraining): 0.150669806108
S Model: SymbolicRegressionModel 3.165
@ ModelDepth: 13
\ # ModelLength: 69
 CurentBestQualty: 0.60601842479207535 @ Pearson's R? fest): 0.515136602295072 2.1452
@ CurrentAverageQualy: 0.1378046838396513| | ¥ Pearson’s R? fraining): 0.6430157910021429 »
@ CumentWorstQualty: 0 4 ProblemData: Data imported from mutivariste pd 3 1 1554
@ BestQualty: 0.60601842479207535 Bl RegressionSokuion ScatterPlot s
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Agenda

HeuristicLab

e Objectives of the Tutorial

e Introduction

e Where to get HeuristicLab?

e Plugin Infrastructure

e Graphical User Interface
 Available Algorithms & Problems

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

e Some Additional Features
e Planned Features

* Team

e Suggested Readings

e Bibliography

e (Questions & Answers



Some Additional Features

e HeuristicLab Hive

HeuristicLab

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

* External solution evaluation and simulation-based optimization

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

e 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

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

e Cloud Computing
— port HeuristicLab Hive to Windows Azure

e Linux
— port HeuristicLab to run on Mono and Linux machines

 Have alook 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
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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

HEAL P
C/ T 1|
Heuristic and Evolutionary i - = = i
Algorithms Laboratory '\OBEHOSTERREICH /
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Suggested Readings

e S.Vof3, D. Woodruff (Edts.)
Optimization Software Class Libraries
Kluwer Academic Publishers, 2002

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

Modern Concepts and Practical Applications
CRC Press, 2009

HeuristicLab Tutorial http://dev.heuristiclab.com

HeuristicLab

OPTI MIZr\'i'l()N
SOFTWARE CLASS
LIBRARIES

118



Bibliography

HeuristicLab

S. Wagner, M. Affenzeller

HeuristicLab: A generic and extensible optimization environment
Adaptive and Natural Computing Algorithms, pp. 538-541
Springer, 2005

S. Wagner, S. Winkler, R. Braune, G. Kronberger, A. Beham, M. Affenzeller

Benefits of plugin-based heuristic optimization software systems

Computer Aided Systems Theory - EUROCAST 2007, Lecture Notes in Computer Science, vol. 4739, pp. 747-754
Springer, 2007

S. Wagner, G. Kronberger, A. Beham, S. Winkler, M. Affenzeller

Modeling of heuristic optimization algorithms

Proceedings of the 20th European Modeling and Simulation Symposium, pp. 106-111
DIPTEM University of Genova, 2008

S. Wagner, G. Kronberger, A. Beham, S. Winkler, M. Affenzeller

Model driven rapid prototyping of heuristic optimization algorithms

Computer Aided Systems Theory - EUROCAST 2009, Lecture Notes in Computer Science, vol. 5717, pp. 729-736
Springer, 2009

S. Wagner
Heuristic optimization software systems - Modeling of heuristic optimization algorithms in the HeuristicLab software environment
Ph.D. thesis, Johannes Kepler University Linz, Austria, 2009.

S. Wagner, A. Beham, G. Kronberger, M. Kommenda, E. Pitzer, M. Kofler, S. Vonolfen, S. Winkler, V. Dorfer, M. Affenzeller
HeuristicLab 3.3: A unified approach to metaheuristic optimization
Actas del séptimo congreso espafiol sobre Metaheuristicas, Algoritmos Evolutivos y Bioinspirados (MAEB'2010), 2010

Detailed list of all publications of the HEAL research group: http://research.fh-ooe.at/de/orgunit/detail/356#showpublications




Questions & Answers

HeuristicLab

http://dev.heuristiclab.com

heuristiclab@googlegroups.com
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