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Objectives of thelutorial

Do o Do Do To  Io Do e

HeuristicLab
Introducegeneral motivation and design principlestdduristicLab
Showwhere to getHeuristicLab

Explain basic GUI usabildgncepts

IntroduceMetaheuristicsand Evolutionary Algorithms
Demonstrate basiteatures

Demonstrate editing and analysis of optimizatexperiments
Demonstrate custom algorithms and graphical algorittesigner

Outline some additiondkeatures



Introduction to HeuristicLab

A Motivation and Goals

graphical user interface

paradigm independence

multiple algorithms and problems

large scale experiments and analyses
parallelization

extensibility, flexibility and reusability

visual and interactive algorithm development
multiple layers of abstraction

A Facts

development oHeuristicLalstarted in 2002

based on Microsoft .NET and C#

used in research and education

second place at th#dlicrosoft Innovation Award 2009
open source (GNU General Public License)
version 3.3.0 released on May 18th, 2010

latest version 3.3.5 released on Jati, 2011

IMMM 2011 http://dev.heuristiclab.com
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Where to get HeuristicLab?

HeuristicLab

A Download binaries
I deployed as ZIP archives
T latest stable version 3.3.5
A released on Julgth, 2011 HeuristicLab_ o
-I- d a||y trunk bU|I d e T e T
1 http://dev.heuristiclab.com/download :

A Check out sources
I SVN repository
I HeuristicLal3.3.5 tag
A http://dev.heuristiclab.com/svn/hl/core/tags/3.3.5

I current development trunk
A http://dev.heuristiclab.com/svn/hl/core/trunk

A License
I GNU General Public License (Version 3)

A System requirements
I Microsoft .NET Framework 4.0 Full Version
i enough RAM and CPU power ;
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Plugin Infrastructure

HeuristicLab
A HeuristicLalzonsists of many assemblies | |
I 95 plugins irHeuristicLal8.3.5 e =
I plugins can be loaded or unloaded at runtime ;
I plugins can be updated via internet N
I application plugins provide GUI frontends
A Extensibility |

i developing and deploying new plugins is easy ‘=m——
I dependencies are explicitly defined,

automatically checked and resolved B focs o P ==
I automatic discovery of interface o=
Implementations (service locator pattern) s
A Plugin Manager ||| e e |
i GUI to check, install, update or delete plugin{ ... ... ..




Graphical User Interface

HeuristicLab

A HeuristicLal$GUI is made up of views
I views are visual representations of content objects
I views are composed in the same way as their content
I views and content objects are loosely coupled
I multiple different views may exist for the same content

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



Graphical User Interface HL

HeuristicLab

( HeuristicLab Optimizer 3.3.3.5448 [Unsaved] '}
|
Eile Edit View Help
|
tart P - X

= Algorithm View

Problem View

1 2

el Parameter-View

§ I5:ouble Value View
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Graphical User Interface

HeuristicLab

A ViewHost

| control which hosts views

I right-click on windows icon to switch views

I doubleclick on windows icon to open another view
I drag & drop windows icon to copy contents

'.

v

ConstrainedValueParameter Configuration View

ValueParameter View




Metaheuristics

HeuristicLab
ACKSNBE FNB LINROGf SYa 6KAOK
feasible time (e.g. NRard)
I High complexity
I Large search space

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

A A Try to generate a solution
A Check if you can generate a better solution

A MetaheuristicsR2 Yy W4 ol f gl a0 FTAY
but a good solution



EvolutionaryAlgorithms

HeuristicLab

I ldea:
A Simulation of natural evolution
A Adaptation of species considered as an optimization process
A Populationbased optimization

Mechanisms of optimization: Mechanisms of evolution:
w Evaluation on the basis of fitness w Selection
function w Variation
w Selection on the basis of fitness w Replication
w Solution manipulation
w Acceptence or rejection



Flowchartof an EA

A lnitial population of individuals.is
gener te% random‘y or%eurlstlcally.

Alndi_\/idugls are evaluated and are
assigned a certain fitness value.

AWhile termination condition is not met
A Fitter individuals are selected for

regr du%flgn andlc_hlldren are
Qﬁﬁ%cuetat. hOn the parents,

A The new individuals are evaluated.

A New population is generated from
the ng an )or o?dgln Ividuals.

End while.

HeuristicLab
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GeneticAlgorithms

selection

Population at time t

!

01ooi110

crossover

HeuristicLab

A 4

!

10019110

Population at time t+1

01010110

A 4

mutation

01010100




Crossover

HeuristicLab

ASimple bukeffective
I SinglePointCrossover n“nn
X
AGeneralizations ol1]1]1]of1]ofo]1]

I Two-PointCrossover @

I n-PointCrossover 0111 (1]0]0[1]1]0)
ACrossovepointsareset [ EICIKIEIEIEREIEIER

randomly
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Mutation

HeuristicLab

ABit-Flipwith little probability

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

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

IMMM 2011 http://dev.heuristiclab.com 17



Avallable Algorithms & Problems

HeuristicLab

Algorithms Problems

A Genetic Algorithm A SingleObjective Test Function
A Island Genetic Algorithm A Traveling Salesman Problem
A Offspring Selection Genetic Algorithm A Quadratic Assignment Problem
A Island Offspring Selection Genetic Algorithm A  Vehicle Routing Problem

A SASEGASA A Scheduling

A Evolution Strategy A Knapsack

A NSGAI A OneMax

A Particle Swarm Optimization A Data Analysis

A Local Search A Regression

A Simulated Annealing A Symbolic Regression

A TabuSearch A Classification

A Variable Neighborhood Search A Symbolic Classification

A Linear Regression A Clustering

A Linear Discriminant Analysis A Artificial Ant

A Support Vector Machine A External Evaluation Problem
A k-Means A UserdefinedProblem

A Userdefined Algorithm
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Demonstration Part |I:
Workingwith HeuristicLab

A Create Parameterizeand ExecuteAlgorithms
A SaveandLoadltems

A Create Batch Rurand Experiments

A Multi-core CPUand Parallelization

A AnalyzeRuns

A Analyzers

A BuildingUserDefinedAlgorithms

HeuristicLab



HeuristicLab Optimizer

s — — - Chliea
Hl. HeuristicLab Optimizer 3.3.3.5448 b N S— —

File Edit View Help
NE -

Start Page - X

HeuristicLab

HeuristicLab Optimizer 3.3.3.5448

Follow these steps to star working with HeuristicLab Optimizer: ~

pieoqdiy =

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

| 2. Open a problem in the algorithm

| « inthe Problem tab of the algorithm click ilf_'l (Mew Problem) and select a problem or click 5 (Open
Problem) and load a problem from a file

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

IMMM 2011 http://dev.heuristiclab.com 21



CreateAlgorithm

HeuristicLab

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

IMMM 2011 http://dev.heuristiclab.com 22



Createor LoadProblem

HeuristicLab
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] ==
Eile Edit VMiew Services Help
NEd
1|~ Genetic Algorithm =
o
=l

(] [w] [=] (@]

Execution Time:  00:00:00

IMMM 2011

http://dev.heuristiclab.com
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Import or Parameterizd’roblem Data HL

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile  Edit View Services Help

N e |
11| Genetic Algorithm x
=
'§_ Mame: Genetic Algorithm @ ‘%

1

o

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

Import from TSPLIB

< B & (% &

Details
@ BestKnownQuality: 6110
% BestKnownSolution: [0:40;38;116:111:11427  Mame:  Coordinates
ﬁ: Coordinates: [[334,5509245845;161, 78
0[3 DistanceMatrix
* Evaluator: TSPRoundedEuclideanPathEvalua) Value
“ SolutionCreator: RandomPemmutationCreator Show in Run:

¥ UseDistanceMatrix: True

Data Type: DoubleMatrix

Rowis: 130

Columns: 2

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

219 £99F14

Execution Time:  00:00:00

IMMM 2011
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ParameterizéAlgorithm

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] = | = g

Eile Edit Miew Services Help

HeuristicLab

NEd
|||~ Genetic Algorithm x
o

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

i Problem | Farameters | Results | Runs | Operator Graph | Engine

Parameters

'LF;\_

“ Analyzer: MuttiAnatyzer
-4 Crossover: OrderCrossover? Name: MaximumGenerations

¥ Eltes: 1 Data Type:  IntValue
’

% MutationProbability: 5 %

4 Mutator: Inversion Manipulator Show in Run:
# PopulationSize: 100

@ Seed: 0 Value: 1000
“% Selector: Proportional Selector
¥ SetSeedRandomly: True

Details

Value

n (=] (@) Execution Time: 00:00:00
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Start, Pause, Resume, Stop and Resle”_,

HeuristicLab

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
Eile Edit Miew Services Help
NEd
|||~ Genetic Algorithm x
o
= Name: Genetic Algorithm (i ..ﬁ
(=]
i Problem | Parameters |Raau|ts I Runs |Opelator Graph | Engine|
Parameters
(#] ]
Details
“ Analyzer: MuttiAnatyzer . . )
-4 Crossover: OrderCrossover? Name: MaximumGenerations @D ==

@ Eites: 1 Data Type:  IntValue
[ ManimumiGenerations: 1000

& MutationProbabilty: 5 % Value
4 Mutator: Inversion Manipulator Show in Run:
# PopulationSize: 100
Value: 1000 ==

# Seed: 0
“% Selector: Proportional Selector
¥ SetSeedRandomly: True

Execution Time: 00:00:00

IMMM 2011 http://dev.heuristiclab.com 26



InspectResults

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

[ preoqdip |

Name: Genetic Algorithm

Problem | Parameters | Fesults | Runs | Operstor Graph | Engine

Results

'LF;\_

# EvaluatedSolutions: 26236

¥ Generations: 264
28] Best TSP Solution: Path TSP Tour

@ CumentBestQuality: 24652

@ CumentAverageQuality: 27311

@ CumentWorstQuality: 30528

# BestQuality: 24652

# BestKnownQuality: 6110

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

Details

Hame: Qualities

Qualities

—— CurrentBestQuality — CurrentWorstQuality —— BestQuality BestKnownQuality
CurrentfverageQuality

50000 7

WA
A
%mﬁw

L%»M*v_ﬁ."'w\'v STy
BTV

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

Execution Time: 00:00:01.6910967

IMMM 2011
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CompareRuns

A Arun is created each time when the algorithm is stopped

IMMM 2011

runs contain all results and parameter settings
previous results are not forgotten and can be compared

Problem | Parameters | Results

Runs

Runs | Operstor Graph | Engine

HeuristicLab Optimizer 3.33.5837 [Unsaved] 1 [E=SREEN )
File Edit View Services Help
DEH
| . Genetic Algorithm x
Q
= Name: Genetic Algorithm (1) _E
2
a

Runs

Analyze Runs... ~

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

Details

Name: Genetic Algorthm Run 8

o M Ge

Farameters & Results

Name

Results

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

™

*

-

@ Absolute DifferenceBestKnownTo 3

@ RelativeDifferenceBestknownTo -

Details
Quality
Value: E747

Misualization | Value

Show Algorithm

Execution Time:  00:00:00.5160296

http://dev.heuristiclab.com
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SaveandLoad

HeuristicLab

A Save to and load from disk

i HeuristicLah 1 SYa O0A®PSdY | f A2NRA T KY A
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 someenory

7

HeuristicLab Optimizer 3.3.3.5837 [Un:

| File | Edit View Services Help

) New.. Ctrl+N
M Open.. Ctrl+0
i Save CtrsS |
| SaveAs.. Ctrl+ShiftsS
Close Ctrl+W LRun
Close All  Ctrl+Shift+W
Exit

——

¥ EvaluatedSolutions: 26236



Create Batch Runs and Experiments

HeuristicLab

A Batch runs

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

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

A Experiments and batch runs can be nested

A Generated runs can be comparatterwards

4 i _ 5
HeuristicLab Optimizer 3.3.3.5837 [Unsaved] Create Experiment =
File | Edit | View Services Help Create Batch Run: |
@ Copy To Clipboard $ Bepetitions: 10 =
] Convert into User-Defined Algorithm . OK ] | Cancel
Al Create Experiment
112 L NemeGenstic Maoihm

IMMM 2011 http://dev.heuristiclab.com 30



Create Batch Runs and ExperimentsHL

IMMM 2011

=
HL HeuristicLab Optimizer 3.3.5.6558 [Unsaved]

File

Edit  View  Services Help

hHEd

[ preondip ]

" Experiment

Optirmizers

20066

(= &, Experiment InversionManipulator
-, Batch Run (5)
¥ MGA, TSP ch130, 5% Mutation Rate, Inve
ch130 TSP {imported from TSPLIB)
Parameters
[ Resutts
[ 4% Batch Run (5)
B %, GA, TSP ch130, 10% Mutation Rate, Inv|
ch130 TSP {imported from TSPLIB)
Parameters
= Results
(- &, Experiment TranslocationManipulator

drag & drop here

to add additional
algorithms,
batch runs,

experiments, etc.

Details

Mame:

GA, TSP ch130, 5% Mutation Rate, InversionManipulator

Problem | Parameters | Results | Runs | Operator Graph | Engina|

O =3

Parameters

‘W Analyzer: Multifnahyzer

‘& Crossover: OrderCrossover2
# Eites: 1

# MaximumGenerations: 10000
# Mutation Probability: 5 %

“% Mutator: InversionManipulator
# Population Size: 100

# Seed: 0

‘& Selector: Proportional Selector
@ SetSeedRandomly: True

Details

Name: Mutation Probability (i n_ﬁ
Data Type: PercentValue

Value

/| Showin Run:

Walue: b% ._%

Execution Time:  00:00:00

Execution Time:  00:00:00

http://dev.heuristiclab.com
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Clipboard

IMMM 2011

File Edit View Services Help

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Ty

Clipboard

() [21) (24 [x] ]

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

drag & drop
here to add
algorithms,
problems,

batch runs,
experiments,
etc.

Genetic Algorithm

Name: Genetic Algorithm|

Problem |F‘ajametars I R&wﬂsl Runs IOpelatoerph | Engine|

Name: ch130 TSP {imported from TSPLIB)

[

Impart from TSPLIB

Parameters | \isualization

Parameters

HEHENEE

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

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

Execution Time: 00:01:02.2315595

http://dev.heuristiclab.com
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Clipboard

A Store items
I click on the buttons to add or remove items
I drag & drop items on the clipboard
I use the menu to add a copy of a shown item to theboard

HeuristicLab

7

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File | Edit 1 View Services Help

M @ Copy To Clipboard .
wa |y Convert into User-Defined Algorithm

e Create Experiment
=1 Name: Genetic Alaorthm

A Show items
I doubleclick on an item in the clipboard to show its view

A Save and restore clipboard content
I click on the save button to write the clipboard content to disk
I clipboard is automatically restored wheteuristicLabs started the nextime

IMMM 2011 http://dev.heuristiclab.com 33



Start, Pause, Resume, Stop, Resk{L,

HeuristicLab

IMMM 2011

=
HL HeuristicLab Optimizer 3.3.5.6558 [Unsaved]

Optirmizers

| (1) | #] | X

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

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

e Parameters

[ 4% Batch Run (5)
B %, GA, TSP ch130, 10% Mutation Rate, Inv|
4% ch130 TSP (mported from TSPLIB)
Parameters

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

-4, Batch Run (5)
£ %, GA. TSP ch130, 10% Mutation Rate, Tre

Dietails
Parameters

D EE X E

Details
‘i Analyzer: MultiAnalyzer
‘b Crossover: OrderCrossover2 MName:
¥ Hites: 1
¥ MaximumGenerations: 10000

Value

@ MutationProbability: 5 %

‘W Mutator: InversionManipulator
 PopulationSize: 100

@ Seed: 0

‘¢ Selector: Proportional Selector
+ SetSesdRandomby: Trus

Data Type:

/| Show in Run:

Value:

MutationProbability o=
PercentValue
5% =

File Edit View Services Help

D d
E " Experiment - X
=

T Name: Experiment 1 =
o

i Cptimizers | Runs

Execution Time:  00:00:00

http://dev.heuristiclab.com
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CompareRuns

IMMM 2011

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

File

Edit  View Services Help

DEd

[ preoqdiy E |

-~ Demo Experiment

Name:

Demo Experment

Runs
. Analyze Runs...

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

4

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

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

Details

Name:

M (Crange. ]

Parameters & Results

Color:

Name

Results

28] Best TSP Solution

@ BestKnownQuality

¥ BestQuality

& CurentAverageQuality
@ Current BestQuality

@ CumentWorstQuality
& EvaluatedSolutions
Q) Execution Time

¥ Generations

A Qualities

< [

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

Details

Name:  Qualties

@ AbsoluteDifferanceBestk|

 Relative DifferenceBestkl

Qualities

—— CurrentBestQuality
CurrentfverageGQuality
—— CurrentiwlorstQuality

— BestQuality
BestknownQuality

60000

40000

Al

2000 4000 6000 2000 10000

Show Algorithm

Execution Time:  03:55:16.2570011

http://dev.heuristiclab.com
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AnalyzeRuns

HeuristicLab

A HeuristicLatprovides interactive views to analyze and compare all runs of
a run collection
I textual analysis
A RunCollectioabular View
I graphical analysis
A RunCollectioBubbleChart
A RunCollectiolBoxPlots

A Filtering is automatically applied to all open run collection views

| Optimizers Runs
Runs | Fitering |

Runs

. m . Analyze Runs... '

RunCollection BoxPlots

“1$ Genetic Ngonthm {

44 Genetic Algorithm | RunCollection BubbleChart

“1$ Genetic Algorithm | RunCollection Tabular View k
3 i h ! ;

94 Genetfc Ngor?t - RunCollection Variablelmpacts

“1$ Genetic Algorithm | ‘ ‘

%2 Genetic Algorithm | RunCollection View

| 2. GenetiosiaoithmNatation Rate-1 Bt

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



RunCollectiodabularView HL

HeuristicLab

1. HeuristicLsb Optimizer 3.3.3.5837 [Unsaved] J e )
File Edit View Services Help
NS H |
1|~ Genetic Algorithm }"RunCollection Tabular View | X
éi Rows: 30| =
E Columns: 48
BestKnownQuality BestknownSolution BestQuality Coordinates Crossowver CurentAverageQualty = |
b Genetic Algorthm (Mutation Rate 1%) Run 13 5110 [0:40;28; 116,111,114, .. | 16405 [[334,5509245 . |OrderCrosso... | 16543,13
I Genetic Algerithm (Mutation Rate 1%) Fun 14 5110 [0:40:28.116,111;114,.. | 14783 [[334,5909245... | OrderCrosso... | 15029.02 I
Genetic Algorithm (Mutation Rate 1%) Fun 15 5110 [0:40:38,116:111;114;... | 14252 [[334,5309245 .. |OrderCroseo. .. | 1428289
Genetic Algorithm (Mutation Rate 1%) Run 16 5110 [0:40:38:116:111:114; .. | 13243 [[334,5309245... |OrderCrosso... | 1324595
Genetic Algorithm (Mutation Rate 1%) Run 17 5110 [0:40:38:116,111:114;... [13703 [1334,5309245... |OrderCrosso... | 13749,58
Genetic Algorithm (Mutation Rate 1%) Fun 18 5110 [0:40:28:116:111:114; .. | 13564 [[334,5509245 .. |OrderCrosso... | 13951,09
Genetic Algorithm (Mutation Rate 1%) Fun 19 5110 [0:40:28:116:111;114; .. | 15421 [[334,5309245 .. |OrderCroseo. .. | 1543174
Genetic Algorithm {Mutation Rate 1%) Run 20 5110 [0:40:38:116:111:114; .. | 14409 [[334,5309245... |CrderCrosso... | 15147 E |
Genetic Algorithm (Mutation Rate 1%) Run 21 110 (04028116, 111, 114;... | 13771 [[334,55059245... |OrderCrosso.. 1335456
Genetic Algorithm (Mutation Rate 1%) Run 22 5110 [0:40:28:116:111:114; .. | 14529 [[334,5509245 .. |OrderCrosso... | 14532,3 |
Genetic Algorithm (Mutation Rate 5%) Fun 13 5110 [0:40:38:116:111:114; .. | 12095 [[334,5909245 . |CrderCrosso... | 136427
Genetic Algorthm (Mutation Rate 5%) Run 14 5110 [0:40:38:116:111:114; .. 12403 [[334,5309245... |OrderCrosso... | 12818,09 i
Genetic Algorithm {Mutation Rate 5%) Run 15 5110 [0:40:38;116:111:114; .. 14091 [[334,5309245... |OrderCrosso... | 14653,98 i
Genetic Algorithm (Mutation Rate 5%) Fun 16 5110 [0:40;28; 116,111,114, .. | 12595 [[334,5509245 . |OrderCrosso... | 1325799 |
Genetic Algorithm (Mutation Rate 5%) Fun 17 5110 [0:40:38:116:111:114; .. | 12752 [[334,5309245 . |OrderCrosso... | 13264,38 |
Genetic Algorthm (Mutation Rate 5%) Run 18 5110 [0:40:38:116:111:114; .. (12711 [[334,5309245... |OrderCrosso... | 13151,19 N |
Genetic Algorithm {Mutation Rate 5%) Run 19 5110 [0:40:38:116:111:114; .. | 12326 [[334,5309245 .. |OrderCrosso... | 12625.78
Genetic Algorithm (Mutation Rate 5%) Run 20 5110 [0:40;28; 116,111,114, .. | 13346 [[334,5509245 . |OrderCrosso... | 1377785
Genetic Algorithm {Mutation Rate 5%) Run 21 5110 [0:40:28:116:111:114;... [12807 [[334,5309245 . |CrderCrosso... | 13284 81 I
Genetic Algorthm (Mutation Rate 5%) Run 22 5110 [0:40:28:116:111;114; .. [ 12741 [[334,5309245... |OrderCrosso... |13113,18
Genetic Algorithm (Mtation Rate 10%) Run 13 5110 [0:40:38:116:111:114; .. 15921 [[334,5309245... |OrderCrosso... | 18084,04
Genetic Algorithm (Mutation Rate 10%) Run 14 5110 [0:40;28;116;111;114;... | 16384 [[334,55059245... |OrderCrosso... | 1960936 =
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RunCollectiomabularView

HeuristicLab

A Sort columns
T click on column header to sort column
I Ctrlclick on column header to sort multiple columns

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

A Compute statistical values

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

A Select, copy and paste into othapplications



RunCollectiomBubbleChart

HeuristicLab

»
HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [‘:' =] ﬂ
Eile Edit Miew Services Help
N -
Genetic Algorithm }"RunCollection BubbleChart | X
=
% y: [Best(]ual'rty v] @ Jitter: r/} Bubble Size: | Constant V] r,} =
2
20000 —
° \J
L]
15000+ '
L b o
o e b ®
* [3 .
e,
= |
E
o 10000+
3 |
m
i
L
5000+ |
[l
-0.03 0.02 0.07 0.12
MutationProbability u
H
H
@ Zoom (O Select I Color % | MutationProbability v] @ Jitter: r[} i
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RunCollectiomBBubbleChart

A Choose values to plot
T choose which values to show on thexis, the yaxis and as bubble size
T possible values are all parameter settings and results

HeuristicLab

A Add jitter
T add jitter to separate overlapping bubbles

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

A Color bubbles

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

A Show runs
i double click on a bubble to open its run

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

A Show box plots
i right-click to open context menu to show box platigw



RunCollectiomBoxPlots

IMMM 2011

1l HeuristicLab Optimizer E=NEEN X
Eile Edit Miew Services Help
="
11|~ Genetic Algorithm } RunCollection BoxPlots | X
o
2| [ (oencmy g
o
— 20000 1
L]
-
! —_— t
=
I =
S 100004
| W
k]
M
|
5000+
|
0
l 0.01 0.05 0.1
| MutationProbability
|
E::l x| Mutation Probability -
Statistics
MutationProbability: 1 % MutationProbability: 5 % MutationProbability: 10 %
b Count 10 10
Minimum 13243 12326 13188
Maxdmum 16405 14091 16521
Average 14408 128907 153257
Median 143305 127665 15722
Stan_da_rd 952,548354804403 B516.976477006233 1046,33009581448
Yo QNTIAR 444444444 | 967904 BTTTTTTIE 1094806 E7TTTTTR
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RunCollectiomBoxPlots

HeuristicLab

A Choose values to plot
I choose which values to show on th@xis and yaxis
I possible values are all parameter settings and results

A Zoom in and out
I click on Zoom and click and drag in the chart area to zoom in

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

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

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



Filter Runs

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

HeuristicLab

File  Edit View Services Help
hEd
x

" Demo Experiment

[ preondip ]

Runs | Fitering

RunCaollection Constrairts

Details

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

L+ BestQuality Less than or equal 10000 Constrained Member: | BestQualiy

Constraint Operation: | Less than or equal

Constraint Data: 10000
Active

Execution Time: 03:55:16.2570011

43
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Multi-core CPUand Parallelization

HeuristicLab

A ParaIIeI 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

A Parallel execution of algorithms

HeuristicLalprovides 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 solutiemaluation



ParallelExecutiornof Experiments HL

HeuristicLab

:.IEIQ

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

Eile Edit Miew Services Help

NE d
I -~ Dema Experiment x
o

‘;. Name: Demo Experment (i |_=-I|__§|
(=]

E Optimizers | Runs

Optimizers

B% Experiment InversionManipulator Details
E‘ﬁ Batch Run (5) MName: GA. TSP ch130, 5% Mutation Rate, InversionManipulator D=
- 4%, GA, TSP ch130, 0% Mutation Rate, Inve|
42 ch130 TSP (mported from TSPLIE) | | Problem | Paremeters | Results | Runs | Operator Graph | Engine |

<% Parameters =
=| Resutts 4 &

=4 Pun (5) . .
. MName: ch130 TSP rted from TSPLIB ==

B2 . 5% Mutation Rate, Inve = eppceted oy ) @

- #% ch130 TSP {imported from TSPLIB) Impart from TSPLIE

----- <% Parameters
-] Resutts Parameters | Visualization
- %, Batch Run (5)
: Paramet
5 %, GA, TSP ch130, 10% Mutation Rate, Inv ArEmELEr

% ch130 TSP (mported from TSPLIE) 5 X

----- 0[3 Parameters -
W BestKnownQuality: 6110
=& B 0[3 BestKnownSolution: [0:40:38:116;111;114:27;
= #, GA, TSP ch130, 20% Mutation Rate, Inv 4%3 Coordinates: [[334,5509245845;161,7809315"

- #% ch130 TSP {imported from TSPLIB) % DistanceMatrix
----- 0[3 Parameters ‘9 Evaluator: TSP RoundedEuclideanPathEvalua

/=] Results 4 SolutionCreator: RandomPemutationCreator
# UseDistanceMatric: True

. | [l ] (@] [m] 2, start other optiarizes Sudssson
v/[w](a][=] 1. start experiment

Execution Time:  01:19:30.0586110
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ParallelExecutiornof Algorithms HL

HeuristicLab

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit Miew Services Help
DE -
-~ Genetic Algorithm X

Name: Genetic Algorithm

[ pieogdin I

Engine: | Parallel Engine

Execution Time:  00:00:06.0343451

05.04 2011 01:42:25 Engine prepared
05.04.2011 01:42:25 Engine started
05.04 2011 01:42:31 Engine stopped

46
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Analyzers

HeuristicLab

A Speciabperatorsfor analysigpurposes
I areexecutedafter eachiteration
| serveasgeneralpurposeextensionpointsof algorithms
I canbe selectedandparameterizedn the algorithm
I performalgorithmspecificand or problem-specifictasks
I someanalyzersare quite costlyregardingruntime and memory
I iImplementingandaddingcustomanalyzerss easy
A Examples
I TSPAlleleFreqguencyAnalyzer
I TSPPopulationDiversityAnalyzer
I SuccessfulOffspringAnalyzer
I SymbolicDataAnalysisVariableFrequencyAnalyzer
I SymbolicRegressionSingleObjectiveTrainingBestSolutionAnalyzer
I X



Analyzers

HL HeuristicLab Optimizer
- i —

IMMM 2011

ol ——

Eile Edit Miew Services Help
MEH
|||~ Genetic Algorithm | x
Lé Name: Genetic Algorithm (D %
=] [Problem| Parmeters | Resuts | uns | Operstor Graph | Engne |

Parameters

FHNXNES

Anatyzer: MuttiAnalyzer
=@ Crossover: OrderCrossover?
¥ Elites: 1
@ MaximumGenerations: 1000
% MutationProbability: 5 %
=4 Mutator: Inversion Manipulator
# PopulationSize: 100
# Seed: 0
=@ Selector: Proportional Selector
¥ SetSeedRandomly: True

Details

Mame: Analyzer ON=!
Data Type:  Multifnalyzer

Value

Show in Run:

Name: MultiAnalyzer D 3
Breakpoint:

Operators | Parameters

i Best TSP SolutionAnalyzer

- TSPAlleleFrequencyAnalyzer

=4 TSPPopulation Diversity Analyzer
&% BestAverageWorstQualityAnalyz

Execution Time: 00:00:00

http://dev.heuristiclab.com

HeuristicLab

48



TSPAlleleFreqguencyAnalyzer HL

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

[ preoqdin ]

File  Edit

DS A

View  Services Help

-~ Genetic Algorithm

Name: Genetic Algorithm

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

Results

LF‘A

# EvaluatedSolutions: 93100

W Generations: 1000

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

o CumentAverageQuality: 12056,36

o CumentWorstQuality; 14489

o BestQuality: 11753

W BestKnownQuality: 6110

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

Resutts

¢) 61 60 ) @

itlls Allele Frequencies: AlleleFrequencyCollection
L Alleles: Alleles

# Fixed Alleles of Best Known Solution: 17

# Fixed Alleles: 63

@ Lost Alleles of Best Known Solution: 93

@ Unique Allsles of Best Known Solution: 37

@ Unique Allsles: 325

Relative Frequency

o 2 o 2
e L

[=]

B Aleles of Best Known Solution
Other Alleles

Average Solution Qualities
Average Impact

Allele Frequencies

Auent uoiinjog abelasy

50 100
Allele Index

Execution Time: 00:01:02.2315595

IMMM 2011
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TSPPopulationDiversi

zerHL

HeuristicLab

IMMM 2011

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile

Edit  Miew Services Help

DS A

[ preoqdin ]

 Genetic Algorithm

Name: Genetic Algorithm

| Problem I F‘alamatars| Results |Huns |OpelatorG|aph | Engine|

Results

(#] ]

# EvaluatedSolutions: 4159

¥ Generations: 41

28] Best TSP Solution: Path TSP Tour

¢ TSP AlleleFrequencyAnalyzer Results: Re
q‘ T5P PopulationDiversityAnatyzer Results:
@ CumentBestQuality: 24603

& CumentAverageQuality: 38146.03

& CumertWorstQuality: 41356

@ BestQuality: 34603

@ BestKnownQuality: 6110

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

Resutts

[+ 1) &) [x) &

Details

@ Pverage Average Solution Similarty: 0,236725

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

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

Row [ndes

1}
Grayscale

Execution Time: 00:00:09.9455691

http://dev.heuristiclab.com
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BuildingUserDefinedAlgorithms

A Operatorgraphs

I algorithmsare representedasoperatorgraphs

i operatorgraphsof userdefinedalgorithmscanbe changed

i algorithmscanbe definedin the graphicalalgorithmdesigner
.

HeuristicLab

usethe menuto converta standardalgorithminto a userdefinedalgorithm

7

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

g

File | Edit

View Services Help
Copy To Clipboard
Convert into User-Defined Algorithm

Create Experiment

i

Name:

A Operatorssidebar

i drag& drop operatorsinto an operatorgraph

Genetic Alaonthm

A Programmabl@perators
i addprogrammableoperatorsin order to implementcustomlogicin analgorithm

i noadditionaldevelopmentenvironmentneeded

A Debugalgorithms

7

HeuristicLab Optimizer 3.3.3.5837 [Up

File Edit | View Services  Help

NE d Start Page
"GcTeI.; v | Clipboard
I~ Operators

adipH

Name:  Genelic Algorthm

i usethe debugengineto obtain detailedinformation duringalgorithmexecution

IMMM 2011

http://dev.heuristiclab.com 51



BuildingUserDefinedAlgorith

»
HL HeuristicLab Optimizer 3.3.3.5837

pieogdiy &

File  Edit
=" |

View  Services Help

Operators

Available Operators

Q,

{} HeunsticLab.Problems. TestFunctions 3.3
{} HeursticLab Problems. TravelingSalesman 3.3
{} HeunsticLab Froblems.VehicleRouting 3.3
#--{} HeunsticLab Random 3.3

=-{} HeuristicLab. Selection 3.3

----- 4 BestSelector

4 Conditional Selector

4 Crowded Toumament Selector

452 GenderSpeciicSelection

----- 4@ LeftReducer

----- 4 LeftSelector

i LinearRank Selector

----- ‘@ MergingReducer

----- ‘¢ NoSameMatesSelector

¢ OffspringSelector

----- g FroportionalSelector

5% RandomReplacer

----- 4 Random Selector

ég Replacer

i RightChildReducer

----- ‘¢ RightReducer

----- ‘@ RightSelector

----- i Toumament Selector

ég WorstReplacer

----- 4 WorstSelector

m

< [ 3

4

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

~Genetic Algorithm

Name: Genetic Algorithm

| Problem | P

O E
o= AW

| R&whsl Runs | Operator Graph |Global Scope | Engine|

)

.f.ﬁg GeneticAlgorithmMainLo |§I.' """"

Execution Time: 00:00:03.5182012

IMMM 2011
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BuildingUserDefinedAlgorithms [/

HeuristicLab

=
1L HeuristicLab Optimizer 3.3.3.5837 l (e
Eile Edit Miew Services Help
="
™ Genetic Algarithm ) GeneticAlgorithmMainLoop - X
L]
E Name: GeneticAlgorithmMainLoop (i ..ﬁ
(=]
i Breakpoint. [
H—. Cperator Graph
L
2 =
Bl -
o
(= (I
i Condit ch el 8 Lo Sk O il s IntCounter
I L J — = — —
i -
I 2 i ¥
7
.
i - -
\ & = s - G
i J
X
-\
\isdﬂmpspmor__ v&__.j‘\iﬁnplyﬂpeatur 1 “Oﬁnplwpemlnf
—— . ~ ‘v UniformSubScopesPr
i S50
e
+y Chil Creator 3\1 -[:vl.hifulm&lﬁnupﬁp ¥ /.
i V-L S ¥
3 v Crossover
LA S N )
“ i1l &
Details
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Programmabléperators HL

HeuristicLab

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

Eile Edit Miew Services Help

D d
I Genetic Algerithm }/GeneticAIgori‘thmMainLoop/J/ProgrammableSingleSuccessor_ - X
L]
‘é_ Name: Programmable Single SuccessorOperator 0] ‘-ﬁ
i Breakpoint: [~
— Parameters | Code
HL )
o 3| Mot compiled o i
= ] Metcompl 12 public clasz ProgrammableS5SingleSuccessorOperator {
% Pssemblies 13 public static IOperation Execuote (ProgrammableSingleSuccessorOperator op,
= - ka¥ HeuristicLab ALGLIB . 14
[ HeunsticLab.Ngomhms.Data.FEl 15 //{ implement custom operatorl
{43 HeunsticLab Algorithms. Data# 16
I {43 HeunsticLab Algorithms. Evolu 17 return op.Successor == null ? null : context.CreateOperation(op.Succes
[ ]43 HeuristicLab Algarithms Genel - } =
[+ HeuristicLab Algarithms. Local . '

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

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

Mamespaces
{} Commen

m

[ »

BD {} Win32 |
LJTI{} SafeHandes -
=-1{} System | 1 b
ST Y Cadaliam
< i ] Ready powered by #deveion : f
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DebuggindAlgorithms

IMMM 2011

»
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile
D= -
-~ Genetic Algorithm

ls.lo;u.lado = J I paeaqdiy & ‘

Edit

View  Services Help

Name:

Genetic Algorithm

4

‘g BestAverageWorstQualityAng
-ip ConditionalBranch

n L3

(] 1 skip Stack

‘¥ TSPPopulationDiversity Analyzer
Execution Context

Scope

‘i Successor = null

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

@ StoreHistory = Falze

@ Updatelnterval =1

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

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

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

| F

=-{} TSPPopulationDiversityAna

4% Results = ResultCollecti =

ERH] Giobal Scope (16+100)

@

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

Absolute Difference BestKnown ToB
RelativeDifference BestKnown ToBe
Teminate = False

»

m

Enabled

4 Selector

% SubScopesProcessor

% SubScopesProcessor

% Merging Reducer

9 IntCounter

“ Comparator

i Analyzer

‘4 CondttionalBranch

4 Selector

% SubScopesProcessor

% SubScopesProcessor

¢ Merging Reducer

W IntCourter

‘i Comparator

i Analyzer

“ CondtionalBranch

4 Selector

% SubScopesProcessor

% SubScopesProcessor

¢ Merging Reducer

W IntCourter =
4 1 3

‘4 CondttionalBranch =

[

1] (@) (@)

Execution Time: 00:00:03.5182012
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Agenda

HeuristicLab

Objectivesof the Tutorial
Introduction

Where to getHeuristicLal
Plugin Infrastructure

Graphical User Interface
Available Algorithms &roblems

Demonstration Part I: Working withHeuristicLab
Demonstration Part II: Datdbased Modeling

Some Additional Features
Planned Features

Team

Suggested Readings
Bibliography

Questions 8Answers
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Demonstration Part Il
DatabasedModeling

A Introduction

A Regressiomvith HeuristicLab

A Model simplificationand export
A Variablerelevanceanalysis

A Classification with HeuristicLab
A Validation techniques

HeuristicLab



Introduction to Databased Modeling

IMMM 2011

Training

Test

y=flx,w)+ e

x1 X2 X3 x4 X5 X6 y
52.0085 | 58497.7 | 26.9956 | 24.0391 | 12.9005 | 66.2633 4.027
52.9874 | 59181.1 | 27.0061 | 23.7483 | 12.7239 | 66.8367 4.154
54.0505 | 58879.2 | 26.8679 | 23.5869 | 12.5877 | 67.6773 4.047
55.3182 | 58982.3 | 27.1852 | 23.7869 | 12.6229 | 67.7128 4.118
46.5388 | 59270.3 | 26.4421 | 24.2601 | 12.5892 | 65.7425 4.743
56.0167 | 58234.5 | 26.1072 | 23.4412 | 12.4224 | 67.9462 4.042
57.0168 | 58021.7 | 26.2513 | 23.3085 | 12.3036 | 69.4392 3.721
57.0139 | 59228.5 | 26.2285 | 23.4041 | 12.3685 | 68.3322 3.593
62.5214 | 49855.7 | 26.3076 | 22.7812 | 12.0711 | 70.3331 3.785
69.9885 | 53534.4 | 25.5916 | 21.3448 | 11.0299 | 73.7138 3.028
70.0156 | 55058.2 | 25.5759 [ 21.4617 | 11.0915 | 72.9846 3.137
70.0446 | 56099.4 [ 26.059 | 21.4652 | 11.0684 | 73.2351 ?
70.0335 | 55891.6 | 26.1834 | 21.3318 | 10.6288 | 74.8925 ?
70.0164 | 56841.1 | 26.1791 | 21.2119 | 10.0354 | 74.8419 ?
70.0147 | 58254.6 | 26.7381 | 21.3367 | 10.9244 | 73.2341 ?
70.0061 | 54444.9 | 26.5786 | 21.2395 | 10.6505 | 74.9187 ?
70.0325 [ 48858.2 [ 26.3799 | 21.4135 | 10.8558 | 74.0993 ?

http://dev.heuristiclab.com
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Introductionto DatabasedModeling

HeuristicLab

A Dataset Matrix ) -1 n i- 1.«
I Nobservationf Kinput variables
I X% ;= Fth observationof |-th variable
i Additionally. Vectorof labels(y,Xy\)"

A Goal:learnassociatiorof input variablevaluesto labels

A Commontasks
I Regression (realaluedlabelg
I Classificatiorfdiscretelabelg
I Clustering o labels groupsimilarobservation$



Databased Modeling Algorithms In
H eU ”StICLab HeuristicLab

A Symboliaegression and classification based
on genetic programming

A External lbraries

Support Vector Machines for Regression and Classificatior

i
I Linear Regression

I Linear Discriminate Analysis
:

|
|

K-Meansclustering

I Random Forests for Regression and Classification
I Neural Networks



Case Studies

HeuristicLab
A Demonstration
I problemconfiguration i I ” |
A dataimport Jm ,‘|ll'l',.u1¥ | .ﬁ,_'...-y'ﬂ;;!,l|.'I:.L l
Atargetvariable ikl W ll" ik y)‘!jﬂw“]
Ainput variables ) .
A datapartitions (training andtest) :
I analysiof results
A accuracymetrics
A visualizatiorof modeloutput o

Estimated Values

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



Case tidy: Regression

HeuristicLab

A Poly10 benchmark problem dataset
I 10 input variables XX Xy,

I non-linearmodeling approacimecessary

I frequentlyused in GHterature

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



http://dev.heuristiclab.com/AdditionalMaterial

Linear Regression

A Createnewalgorithm

IMMM 2011

HL HeuristicLab Optimizer 3.3.3.5837 [=[=] = |
File Edit View Services Help
al
4| .~ Start Page - X
=
=] - - - -
Z| HeuristicLab 37
| =] Follow these steps to sff "= ft=m — -
1. Open aniéllgo i Name Version Description o
o click |_1[Neu _—— e ]
#, Smulated Annealing 3335805 A simulated annealing algorithm.
2. Open a problem %, Tabu Search 3335809 Atabu search algorithm.
s inthe Problel %, User-Defined Algorithm 3.3.35899  An algorithm which can be defined by the user. m afile

%, Variable Neighborhood Search 3335830 A vanable neighborhood search algorithm. =

3. Setparameters

m

« setproblem Data Analysis
+ setalgorithm #, Cross Validation 3405914 Cross Validation wrapper for data analysis algorithms.
4. Run the algorith #, k-Means 3405914 The k-Means clustering algorithm. e
4, Linear Discriminant Analysis 34055914 Linear discriminant analysis classification algarithm. n still have to be set)

o clickk [Start/§
» waitfor the al

[ A Linear Regression 3405914 Linear regression data analysis algaorithm.

, Support Vector Classification 34055914 Support vector machine classification data analysis alg
5. Check results 4, Support Vector Regression 3405914 Support vector machine regression data analysis algori L4
+ checkthe res Problems

o clickk (Star/R
3405869 Represents the Arificial Art problem.

3405914 A general classification problem.
3405914 A general clustering problem.
3335805 A problem that is evaluated in a different process.

% Arificial Ant Problem
Classfication Problem
Clustering Problem

Extemal Evaluation Problem

Looking for predefined
+ check outthe sa

Samples

N Knapsack Problem 3335809 Represents a Knapsack problem. I
ame OneMax Problem 3335809 Represerts a OneMax Problem. B -

4, Evolution Strategy - Gri i rrr -

4, Genetic Algorithm - TS
4, Genetic Algorithm - VR
4, Genetic Programming -
4, Genetic P 1
%, Genetic P ing - Symbolic R ion
4, leland Genetic Algorithm - TSP

4, Local Search - Knapsack

m

Cancel

o)

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

Show Start Page on Startup
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HeuristicLab

Import Datafrom CSW-ile HL

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

NEd
I Start Page)/Linear Regression ] - X
(]
= Name: Linear Regression ON-==]
(=]
Z|| [ Problem |Paremeters | Resuks | Runs |

Imiport fram CSV file

0[3 ProblemData: RegressionProblemData

Execution Time:  00:00:00

(p] (] (=] @]

64
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Inspectand Configur

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (e
File Edit View Services Help
DE -
I Start Page)/Linear Regression ] - X
o
= Name: Linear Regression (i I_%
(=]
o
o Problem | Parameters I Results I Runs |
-3
=]
MName: Regression Problem (i ._ﬁ
[ Import from CSV file |
Parameters
4 (£1] (2] | X
Details
‘ﬂg ProblemData: Data imported from muttivariate g
Name: ProblemData ON=_
Data Type:  |RegressionProblemData (RegressionProblemData)
Value
Show in Fun:
MName: Data imported from multivariate poly-10.cav 0] Lﬁ
Parameters
) ) ) ) B
Details
@[3 Dataset
%2 InputVariables: ReadOnlyCheckedhembist<Gtr| ~ 12Me: Dataset ® =5

4 1n r

¢ TargetVarable: x1
<, TestPartition: Start: 250, End: 500
Q)Tmining Partition: Start: 0, End: 250

Data Type: Dataset

Value

Rows: 500

] 1 3

#| | A ShowinRun:

Execution Time:  00:00:00

IMMM 2011

http://dev.heuristiclab.com
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Inspectimported Data

=
HL HeuristicLab Cptimizer 3.3.3.5837 == g

Eile Edit View Services Help

HeuristicLab

he d
I Start Page ]/LinearRegrmion/VProblemData] - X
[
‘;. Name: ProblemData (i |_El|__§|
(=]

E Data Type:  |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

Name: Data imported from multivaniate poly-10.cav (i) @‘._E,
Parameters
X

MSRINLL s: ReadOnlyCheckedhemList<Str| f Name: Datasst

@ TargetVariable: fi) Dats Type: Dataset
4%, TestPartition: Start: 250, End: 500

4, TrainingPartition: Start; 0, End: 250 e
# | % | Showin Run:

Details

Rows: 500
Columns: 12

x1 x2 x3
0.26... .

0441053
0.04...

0.83...

0.89.. |034.
0.00... |050..
nR7
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Set Target Variable

HeuristicLab

IMMM 2011

”
HL HeuristicLab Cptimizer 3.3.3.5837

[ preoqdip E |

Eile Edit View Services Help

NE -

Start Page ]/Lineal Reglmion/VProblemData ]

Name: ProblemData

Data Type: |RegressionProblemData (RegressionFProblemData)

Value

Show in Run:

MName: Data imported from multivaniate poly-10.cav

Parameters
+) 60 @ (<) @

O[g Dataset
P _

@ TargetVariable: fix)

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

EriyCheckedhembist<Str| ~ Name:

TargetVariable

® =3

© =

StringWValue

how in Run:

x7
x8
x93
x10
fix)

fip+N(0.0.05)

http://dev.heuristiclab.com
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Select Input Variables

=
HL HeuristicLab Cptimizer 3.3.3.5837 == g

File Edit View Services Help

HeuristicLab

="
I Start Page ]/Lineal Reglmion/VProblemData] - X
o
= Name: ProblemData @ =
(=]

E Data Type:  |RegressionProblemData (RegressionProblemData)

Value

Show in Run:

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

Parameters

+/ 60 @ X &
O[g Dataset

L6 InputVariables: ReadOnlyCheckedhemList<StACILS InputVariables @® ==

# TargetVariable: f{c) Data Type:  ReadOrlyCheckeditemList<StringValue>
4%, TestPartition: Start: 250, End: 500

4, TrainingPartition: Start; 0, End: 250 e
# | % | Showin Run:

Details

¥ @«
¥ @2
¥ @3
V] @ x4
¥ @5
¥ @6
M @x7
OxB

@9
@ x10
O @ ke
O @ FxpN(D.0.05)
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Configure Training and Test PartitionHL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837

Eile Edit View Services Help

NE d
I Start Page ]/LinearRegrmion/VProblemData] - X
o
E Name: ProblemData (i |_=-I|__§|
(=]
E:i_ Data Type:  |RegressionProblemData (RegressionProblemData)
Value
Show in Run:
MName: Data imported from multivaniate poly-10.cav (i) |_=-||._i1|
Parameters
¢ 00 @ () B
Details
O[g Dataset — —
4 InputVariables: ReadOnlyCheckedhemlisteSty|  1ame: TrainingPartition @ =
@ TargetVariable: fi) Dats Type:  IntRange
4%, TestPartition: Start: 250, End: 500 Vi
alue

A TrainingPartition: Start: 0, End: 250
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Run Linear

Regression

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

DS A

Start Page)/Linear Regression ]

Name: Linear Regression

[ preoqdip E |

Problem |F‘a|arnetars I Results I Runs |

4 m 3

Name: Regression Problem (i ._ﬁ
[ Import from CSV file |
Parameters
6N B
Details
ﬁ: ProblemData: Data imported from muttivariate ¢
Name: ProblemData ON=_

Data Type:  |RegressionProblemData (RegressionProblemData)

Value

Show in Fun:

MName: Data imported from multivariate poly-10.cav

Parameters
+/ 6 @ X & _
0[3 Dataset peeE

0[3 InputWVariables: ReadOnlyCheckedtemList<Str
@ TargetVariable: fix)
Q)TestF‘arti‘tion: Start: 250, End: 500
Q)TminingF‘artition: Start: 0. End: 250

<l I 3

® =

Execution Time: |[EEKEIREY

IMMM 2011
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InspectResults

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

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

Regression Solution

+ @) B %) @

# Pverage relative emor ftest): 2519.5707855105 %

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

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

# ModelDepth: 4

# ModelLength: 14

# Pearson’s R2 ftest): 0.0088302487307643576

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

@ RegressionSolution LineChart

@ RegressionSolution EstimatedValues

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

Execution Time:  00:00:00.0570033

IMMM 2011
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Inspect Scatterplot of Predicted and Targ

Values

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

DE -
I Start Page)/Linear Regression ] - X
o
= Name: Linear Regression (i |_El|__§|
(=]

i | Problem I F‘alamatars| Results |Hun5 |

Results

A A .
+ 31 &Y (% &
Jfe Linear regression solution: SymbolicRegressior!

 Estimated root mean square emor (cross-valida

Details
Regression Solution

@ Bverage relative smor ftest): 2519.5707855105
# Average relative emor fraining): 1632 67737047
# Mean squared emor ftest): 0.364789280164308
# Mean squared emor fraining): 0.399695475814
Jfe Mode!: SymbolicRegressionModel

# ModelDepth: 4

# ModelLength: 14

@ Pearson’s R2 {test): 0.00823302487307643576
@ Pearson’s R ftraining): 0.0529955735364517
0[3 ProblemData: Data imported from muttivariate po
@ RegressionSolution LineChart
@ RegressionSolution EstimatedValues

4 m k

Details

Target Values

» Al samples + Test samples
Training samples
3.165
2.1452
1.1254 .
0.1056
-
-0.9142 .
Q:Q
-1.834
-1.934 0.1056 2.1452
08142 1.1254 3.165

Estimated Values

Execution Time:  00:00:00.0570033

IMMM 2011
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InspectLinechart

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

Eile Edit View Services Help

HeuristicLab

DE -
I Start Page)/Linear Regression ] - X
[a}
= Name: Linear Regression @ =
(=]
|2 [ Problem | Parameters | Resuts [Runs |

Results

0 (x]
Details

Regression Solution %

] mat root ean EqI;IEII'E efmor {cmssau'alld |E| |E|

Details
@ Pverage relative emor ftest): 2519.5707855105
@ Pverage relative emor fraining): 1632 67737047 . . .
@ Mean squared eror ftest): 0.364783280164308 W SymbolicRegressionSolution
@ Mean squared emor firaining): 0.399695475814 3
Je Model: SymbolicRegressionModel = -
# ModelDepth: 4 g =
# ModelLength: 14 2 =
# Pearson’s R2 ftest): 0.0088302487307643576 5
# Pearson’s R2 firaining): 0.0529955738364517
0[3 ProblemData: Data imported from muttivariate po 1
[ﬁ RegressionSolution ScatterPlot
II'| RegressionSolution LineChart || | .‘ * m h
(il RegressionSolution EstimatedValues okl ] J I 4.# SR ,v i

bl
-1
-2
0 200 400
£l LI} +
R T — r
(v (] [m] Execution Time: 00:00:00.0570033
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Inspect Graphical Representation of ModH L

HeuristicLab

=
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsave d] = | =] g

File Edit View Services Help

N d
I Start Page }/Line,ar Regrﬁsion)/ModeI] - X
o
S| Meme [Model i =2
E Data Type:  SymbolicRegressionModel

Value
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Nonlinear Regression Methods

HeuristicLab

A Random Forests Regression

I Learns multiple models on different sample
subsets

A Support Vector Regression
I Maps data to higher dimensional space
| Calculates linear model
I Transfers the data back to the input space



SymbolidRegressionvith HeuristicLab

HeuristicLab

A Linearregression produced an inaccurate madel
A Nonlinear methods produces overfit models

A Next: producea nonlinearsymbolicregressiormodel usinggenetic
programming

A Geneticprogramming

T
|
.
T white-boxmodels

evolvevariablelengthmodels
modelrepresentation symbolicexpressiortree
structureand modelparametersare evolvedside-by-side



Genetic Programming Life Cycle

HeuristicLab

Population of
Models

New generation

Child
selection

.': Calculation of @ @ ° 9

' correlation

| o @
| ‘ '
I
i
\
/
7/

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

5.0

X, (t-1)

X;(t-2)

Xo(t-2)

5.0

1.5

X, (1)

X,(t-2)

5.0

HeuristicLab



Mutating models
()

5.0

5.0

X (t-1)

X (t-1)

X, (t-2)

N

X, (t-2)

5.0

X (t-1)

X, (t-2)

HeuristicLab



SymbolidRegressionvith
H e U rIStI C Lab HeuristicLab

A Demonstration
I problemconfiguration
T functionsetandterminal set
[
|

" modelsizeconstraints
" evaluation

A Algorithmconfiguration
I Selection
I mutation

A Analysif results
I modelaccuracy
I modelstructureandparameters




Create NewGeneticAlgorithm HL

2. Open a problem
« inthe Problen

3. Setparameters
& setproblemp
» setalgorithm

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

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

Looking for predefined 2
& check outthe san

Samples

Name

4, Evolution Strategy - Gri

Algorithms

5 Jaontnim
4, leland Offepring Selection Genetic Algorithm
#, Local Search
3y NSGAI

. Dffspring Selection Genetic Algorithm
%%, Particle Swarm Optimization
¥, SASEGASA
#, Simulated Annealing
, Tabu Search
4, User-Defined Algorithm
4, Variable Neighborhood Search
Data Analysis
4, Cross Validation
4, k-Means
4, Linear Discriminant Analysis

Qression

4 m

#, Genetic Mgorithm 3.3.3.5809 A genetic algorithm.

oL

3405914

3405914

3405914
0.53

m

1sland Qeneuc algonthim.
An island offspring selection genetic algorithm.
Alocal search algorithm.
The Nondominated Sorting Genetic Algorithm || was int
An offspring selection genetic algorthm (Affenzeller, M.—
A particle swarm optimization algorthm based on the de
The self-adaptive segregative genetic algorithm with sir
A simulated annealing algaorithm.
Atabu search algorithm.
An algorthm which can be defined by the user.
A varable neighborhood search algorithm.

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

afile

still have to be set)

HL HeuristicLab Optimizer 3.3.3.5837 | = | = 22
View  Services Help
HL| " Start Page - X
o
=] - -
= | HeuristicLab 37
| =] Followthese steps to stf & 1= i
[EROvED a“if“go J Name Version Description l
e click LI (Ne

m

Linear discriminant analysis classification algorthm.

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

4, Genetic Programming -

4, Local Search - Knapsack

4, Genetic Programming - Symbolic Regression
#, lsland Genetic Algorithm - TSP

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

A local search algorithm that solves a randomly generated Knapsack problem

m

Show Start Page on Startup

IMMM 2011
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Create New Symbolic Regression ProbIeHL

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

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

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

i-{} HeuristicLab.Problems Knapsack 3.3

#-{} HeuristicLab.Problems OneMax 3.3

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

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

[ HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (=[=] = T

Eile  Edit View Services Help
& d |

1| Start Page )} Genetic Algorithm | - X
(]

'g Name: Genetic Algorthm < .|-ct Broblem 1 =2

i Problem | Parameters | Eﬁ

— Available Problems

IMMM 2011
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Import Data

HeuristicLab
[ 4 HeuristicLab Optimizer 3.3.3.5837 [Unsaved] (e
Eile Edit View Services Help
NeEd
11|~ StartPage ) Genetic Algorithm | - X
]
E Name: Genetic Algorithm (i %
(=]
=

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

Imiport fram CSV file

ElEers

(+) 0 @0 ) &

# BestKnownQuality: 0 o
“ Evaluator: Pearson R2 Evaluator
Q) FitnessCalculationPartition: Start: 0, End: 250
# MaximumSymbolicExpression TreeDepth: 8
@ MaximumSymbolicExpression TreeLength: 25
6}[3 ProblemData: Data imported from multivanate ¢
@ RelativeNumberOf EvaluatedSamples: 100 %
O@ Symbolic Expression TreeGrammar: TypeCohere
Q)ValidationPartiticn: Start: 0. End: 0

Ll —— ;

(] (=]

Execution Time:  00:00:00
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Inspect Data an

o
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit VMiew Services Help

NEd

Start Page )" Genetic Algorithm |

Mame: Genetic Algorithm

[ paeagdip |

Problem | Parameters | Results | Runs IOpelator Graph | Enginel

OE

[

‘@ Evaluator: Pearson R? Evaluator

Q} FitnessCalculation Partition: Start: 0, End: 250
@ Maxdmurm Symbolic Expression TreeDepth: 8

@ Maxdmum Symbolic Expression TresLength: 25
) ProbiemData: Data mported from mutvariate |
# RelativeNumberOfEvaluatedSamples: 100 %
&[3 SymbolicExpression TreeGrammar: TypeCoherg
Q}‘u’alidaﬂonParﬁtion: Start: 0, End: 0

MName: Symbolic Regression Problem (single objective) @ ‘-é
Import from CSV file |
Parameters
5 B
- Details
W BestKnownQuality: 0
Name: ProblemData 1 =3

Data Type: |RegressionProblemData (RegressionProblemData)

Value

Mame: Data imported from multivanate poly-10.cav

Parameters

20 8 X &

0[3 Dataset
0[3 InputVariables: ReadOnlyCheckedtemList<Str

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

Execution Time:  00:00:00

IMMM 2011
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Set Target and Input VariablesHL

HeuristicLab

=
HL HeuristicLab Cptimizer 3.3.3.5837 == g

Eile Edit View Services Help

="
I Start Page ]/Genetichlgori'thm}’ProblemData] - X
o
E Name: ProblemDiata (i ..?._i’l
E:i_ Data Type:  |RegressionProblemData (RegressionProblemData)
Value
Show in Run:
Name: Data imported from multivaniate poly-10.cav (i) ‘-Ejl
Parameters
e X
Details
O[g Dataset -
L InputVariables: ReadOnlyCheckedhemList<StIERAEILS InputVariables @ =

@ TargetVariable: fi)
Q)Testpartition: Start: 250, End: 500
4, TrainingPartition: Start; 0, End: 250 e
#| || Showin Run:

Data Type: ReadOnlyCheckedhtemList<StingValues>

@ x10
O @ ke
O @ FxpN(D.0.05)
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Configure Maximal Model Depth and

Length

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help
hEd

/1| Start Page ) Genetic Algorithm | - X
o

= Name: Genetic Algorithm (i) ..?._El
(=]

2

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

W=

[

‘i Evaluator: Pearson R? Evaluator
T R - N =S
@ MaximumSymbolicExpression TreeDapth: 10

@ MaximumSymbolicExpression TreeLength: 100

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

Name: Symbolic Regression Problem (single objective) (i -.?._5,
Import from CSV file |
Parameters
JEHE X
- Details
@ BestknownQuality: 0
Name: Maximum Symbolic Expression TreeLength )] l_?ﬂj

Data Type:  IntValue

Value

Execution Time:  00:00:00

IMMM 2011
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ConfigureFunctionSet Grammaj HL

HeuristicLab

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

Eile Edit View Services Help

NEd
11|~ StartPage ) Genetic Algorithm | - X
(]
= Name: Genetic Algorithm ON-==]
(=]

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

MName: Symbolic Regression Problem (single objective) (i n_5|__ii|

[ Impert from CSV file |

Parameters

f.‘n

# BestKnownQuality: 0
“ Evaluator: Pearson R? Evaluator
%Frtnesstalculaﬁonl’art'rtion: Start: 0. End: 250 Data Type:  |Symbolic DataAnalysisGrammar (TypeCoherent ExpressionGrammar)
# Maximum Symbolic Expression TreeDepth: 10
¥ Maximum SymbalicExpression TreeLength: 100
6}[3 ProblemData: Data imported from multivanate ¢ Show in Run:
¢ RelativeMumberCfEvaluatedSamples: 100 %
@[: Name:  TypeCoherent ExpressionGrammar

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

Details
MName: SymbolicExpression TreeGrammar (i -_?__El

Value

t] (8] [*] =

0[3 Addition

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

] <>[3 Average

[l 6}[3 Sine

] 0[3 Cosine

n (=] (@) Execution Time: 00.00:00
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ConfigureFunctionSet Grammaj HL

-

HL HeuristicLab Cptimizer 3.3.3.5837

Eile Edit View Services Help

NE d

[ preoqdip E |

Value

Show in Run:

Name: TypeCoherent ExpressionGrammar

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

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

O O[g Cosine

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

[T Root

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

[T 44 Not

O 0[3 Timelag
O <}[3 Integral

O O[g Derivative
“t4 Constant

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

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

Name: Addition

Initial frequency: 1

IMMM 2011
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ConfigureAlgorithmP

arameters HL

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

DE -
11|~ StartPage ) Genetic Algorithm | - X
L]

E Name: Genetic Algorthm (i I_%
(=]

=4 lts I Runs | Operator Graph | Englne|

W Analyzer: MultiAnalyzer

- Crossover: SubtreeCrossover
# Hites: 1

¥ MaximumGenerations: 1000
[ 4 MutationProbability: 15 %

= Mutator: null

# PopulationSize: 1000

¥ Seed: 1128385197

“ Selector: Proportional Selector
# SetSeedRandomly: True

Details
Hame: Mutation Probability

Data Type: PercentValue

Value
Show in Run:
Walue: 15%

Execution Time:  00:00:00

IMMM 2011
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ConfigureMutation Operator HL

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Eile Edit View Services Help

D= -
11|~ StartPage ) Genetic Algorithm | - X
o
‘;. Name: Genetic Algorithm (i |_El|__§|
(=]

=

Problem | Parameters |Raau|ts I Runs |Opelator Graph | Engine|

Parameters

+) &f) &Y [x

W Anatyzer: MuttiAnalyzer
- Crossover: SubtreeCrossover
# Hites: 1

@ MutationProbability: 15 %
=& Mutator: null

¥ Seed: 1128385197

“ Selector: Proportional Selector
W SetSeedRandomly: True

Details
Name: Mutator

Data Type:  IManipulator

OE=]

how in Run:

ArgumentCreater

Argument Deleter

Argument Duplicater
ChangeMNode Type Manipulation

Full Tree Shaker
Mutti Symbolic Bxpression Tree Architecture Manipulator

OnePoint Shaker

Replace BranchManipulation
SubroutineCreater
Subroutine Deleter
Subroutine Duplicater

Execution Time:  00:00:00

IMMM 2011
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ConfigureSelectionOperator HL

HeuristicLab

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

Eile Edit View Services Help

NEd
11|~ StartPage ) Genetic Algorithm | - X
0
‘;. Name: Genetic Algorithm (i I_%
(=]
&
=4 Problem | Parameters |Raau|ts I Runs |Opelator Graph | Engine|
Parameters
A A y
& X
Details
W Anatyzer: MuttiAnalyzer
“@ Crossover: SubtreeCrossover Mame: Selector ® =3
# Hites: 1 Data Type:  |5elector (Proportional Selector)

@ MaximumGenerations: 1000
@ MutationProbability: 15 %
= Mutator: null [PmpminmalSelector bhow in Run:
« PopulationSize: 1000 BestSelector .
PRy ooop GenderSpecificSelection @ ‘-ﬂ
LinearRank Selector

NoSameMatesSelector

Proportional Selector

Random Selector

Toumament Selector

WaorstSelector

% Maximization
@ Mumber(fSelectedSubScopes: 1998
@ Windowing: True

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

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

Parameters

LF‘A

W Anatyzer: MuttiAnalyzer

- Crossover: SubtreeCrossover

# Hites: 1

@ MaximumGenerations: 1000

@ MutationProbability: 15 %

=4 Mutator: MultiSymbolicExpression Tree Manipul:
« PopulationSize: 1000

# Seed: 835777619

=@ Selector: ToumamentSelector

W SetSeedRandomly: True

N 11 ¢

Details
MName: Selector
Data Type:  |Selector (Toumament Selector)

[ToumamerﬂSeledor

Name: Toumament Selector

Breakpoint: []
Parameters

u:‘.n

o CopySelected: True

o

% Maximization

@ Mumber(fSelectedSubScopes: 1993

Details
MName: Group Size

Actual Name:  Group Size

IntValue

OE=]

:

D =3

-

File Edit View Services Help

N d
11|~ StartPage ) Genetic Algorithm | - X
o
= Name: Genetic Algorithm (i |_=-I|__§|
(=]
o
=4 Problem | Parameters |Raau|ts I Runs |Opelator Graph | Engine|

Execution Time:

00:00:00
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Start Algorithm and Ins

IMMM 2011

ect Results H L

-
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

s

Operator Graph | Engine|

File Edit View Services Help

="
/| StartPage " Genetic Algorithm | v X
=
‘Q. Name: Genetic Algorthm (i ..?._51
= Problem | Parameters | Results

¥ EvaluatedSolutions: 2398
¥ Generations: 2
| Symbal frequencies: Symbol frequencies
|| Variable frequencies: Variable frequencies
%Variable impacts: [[0.111346658657386][0.11(
|~ Symbolic expression tree length: Values
Je Best training solution: SymbolicRegressionSalu
# Best training solution quality: 0.439120064457)
@ CumentBestQuality: 0.43912006445703716
o CumentAverageQuality: 0.0401372471457722
o CumrentWorstQuality: 0
¥ BestQuality: 0.43912006445703716
# BestKnownQuality: 0
@ AbsoluteDifferenceBestKnown ToBest: 0.43971]
¥ Relative DifferenceBestKnown ToBest: NaN
A Qualities: Qualities

Execution Time: 00:00:11.8136757
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InspectQuality Chart

HeuristicLab

”
HL HeuristicLab Cptimizer 3.3.3.5837 [Unsaved]

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

Eile Edit View Services Help

e H
11|~ StartPage ) Genetic Algorithm | - X
o
‘;. Name: Genetic Algorithm (i |_El|__§|
(=]

=

Results

2 X &

# EvaluatedSolutions: 12988

¥ Generations: 12
|+ Symbal frequencies: Symbaol frequencies
|+ Variable frequencies: Variable frequencies
% Wariable impacts: [[0.165007866176351][0.15
|| Symbolic expression tree length: Values
Je Best training solution: SymbolicRegressionSolu
i Best training solution quality: 0643049236747,
W CumentBestQuality: 0.64304923674723369
W CumentAverageQuality: 0.3218417543298288
@ CumrentWorstQuality: 0

¥ BestQuality: 0.64304923674723369
¢ BestKnownQuality: 0

# AbsoluteDifferenceBestKnown ToBest: 0.64301
# RelativeDifferenceBest KnownToBest: NaN

1 Qualities: Qualities

Details

MName: Qualities

OE=]

—— CurrentBestQuality
CurrentfverageQuality

087

061

04+

0.2+

Qualities

— CurrentWorstQuality —— BestQuality

BestKnownQuality

mnmon 12

13

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

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

Results

LF‘A

# EvaluatedSolutions: 28972

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

= L.

i Best training solution: SymbolicRegressionSolu

W CumentAverageQuality: 0.3973517138219498
W CumentWorstQuality: 0

 BestQuality: 0.6649232393808952

+ BestKnownQuality: 0

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

Regression Solution

JHEXE

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

Details

Target Values

» Al samples .
Training samples

3.165

2.1452

1.1254

0.1056

-0.9142

-1.934

Test samples

-1.4834

0.1058 2.1452
08142 1.1254

Estimated Values

3.165

Execution Time: 00:01:17 4564302
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InspectLinechartof Best Model ofraining HL
Partition

HeuristicLab
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