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HeuristicLab
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Objectives of the Tutorial

HeuristicLab

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

e Explain basic GUI usability concepts

* Demonstrate basic features

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

e Qutline some additional features



Introduction

HeuristicLab

* Motivation and Goals
— graphical user interface
— paradigm independence
— multiple algorithms and problems
— large scale experiments and analyses
— parallelization
— extensibility, flexibility and reusability
— visual and interactive algorithm development
— multiple layers of abstraction

* Facts
— development of HeuristicLab started in 2002
— based on Microsoft .NET and C#
— used in research and education
— second place at the Microsoft Innovation Award 2009
— open source (GNU General Public License)
— version 3.3.0 released on May 18th, 2010
— latest version 3.3.6 released on January 3rd, 2012
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Where to get HeuristicLab?

HeuristicLab

* Download binaries
— deployed as ZIP archives
— latest stable version 3.3.6

* released on January 3rd, 2012 HeuristicLab
— daily trunk builds
—  http://dev.heuristiclab.com/download S ) L L

* Check out sources
— SVN repository
— HeuristicLab 3.3.6 tag
* http://dev.heuristiclab.com/svn/hl/core/tags/3.3.6

— current development trunk
e http://dev.heuristiclab.com/svn/hl/core/trunk e e o e 5 i e e e

Dewmicsd in ather formats:

* License
— GNU General Public License (Version 3)

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

HeuristicLab

e HeuristicLab consists of many assemblies

. . . . (L HeuristicLab 3.3.35445 oo [ |
— 94 plugins in HeuristicLab 3.3.6 —
— plugins can be loaded or unloaded at runtime i

— plugins can be updated via internet
— application plugins provide GUI frontends

* Extensibility | 55
— developing and deploying new plugins is easy :

— dependencies are explicitly defined,
M [ HeuristicLab Plugin Manager 3.3.3.5446 |‘:' El
automatically checked and resolved =

Update Plugins

QII‘IS Awailable Plugins | Log

— automatic discovery of interface —
N N . 43 HeuristicLab ALGLIE 310b44h =
Im plementat|0n5 (Se rvice locator patte m) sl At Dt s o
42 HeuristicLab Algorithms. Evolution Strategy 3335448
43 HeursticLab. Algorithms GeneticAlgorithm 3335448
42 HeursticLab Algorithms Local Search 3335448 f
. 43 HeursticLab Algorithms NSGAZ 3335448
[ J P | u g I n M a n a ge r 4 HeunsticLab. Algorthms Offspring SelectionGenetic Aigorithm 3335446
#2 HeursticLab. Algorithms. Simulated Annealing 3335446
! #2 HeursticLab.Alaorithms. TabuSearch 3335446 7
m (3

— GUI to check, install, update or delete plugins —_—




Graphical User Interface

HeuristicLab

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

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



Graphical User Interface HL

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

View Double Value View
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Graphical User Interface

HeuristicLab

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

= .
T Aanchrairnas aliiaDararmmata S Baa
v LonstraineaValuerarameter View

ConstrainedValueParameter Configuration View

ValueParameter View
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Available Algorithms & Problems

Algorithms

Evolution Strategy
Genetic Algorithm
Genetic Programming
. Island Genetic Algorithm
Island Offspring Selection Genetic Algorithm
Local Search
NSGA-II
Offspring Selection Genetic Algorithm
Particle Swarm Optimization
Robust Taboo Search
SASEGASA
Simulated Annealing
Tabu Search
User-defined Algorithm
Variable Neighborhood Search
Performance Benchmarks
Cross Validation
k-Means
Linear Discriminant Analysis
Linear Regression
Multinomial Logit Classification
Nearest Neighbor Regression and Classification
Neural Network Regression and Classification
Random Forest Regression and Classification
Support Vector Regression and Classification

e e e e e e e o o o o e o o o o o o o o o

HeuristicLab

Problems

e Artificial Ant

e Classification

e Clustering

e External Evaluation Problem
* Knapsack

* OneMax

* Quadratic Assignment

* Regression

* Single-Objective Test Function
* Symbolic Classification

* Symbolic Regression

* Traveling Salesman

e User-defined Problem

* Vehicle Routing
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Demonstration Part:
Working with HeuristicLab

Create, Parameterize and Execute Algorithms
* Save and Load ltems

* Create Batch Runs and Experiments

* Multi-core CPUs and Parallelization

* Analyze Runs

* Analyzers

* Building User-Defined Algorithms

HeuristicLab



HeuristicLab Optimizer

r — —— —
. HeuristicLab Optimizer 3335448 =-l e

File Edit View Help

HeuristicLab

="
HL Start Page * M
g HeuristicLab Optimizer 3.3.3.5448

Follow these steps to star working with HeuristicLab Optimizer: ~

1. Open an algorithm

. clickil:'l (Mew ltem) in the toolbar and select an algorithm or clickﬁ {Open File) in the toolbar and load an
| algorithm from a file

m

| 2. Open a problem in the algorithm

| « inthe Problem tab of the algorithm click if.'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
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Create Algorithm

HeuristicLab

-
New lter [
HL HeuristicLab Optimizer 3.3.3.5837 Name Version Description i
File | Edit View Services Help Algorithms
: |<l_1 New... Ctrl+N l. 4, Evolution Strategy 3335809 An evolution strategy.
' F A Genetic Algorithm 3335809 A genetic algorthm.
HEZF Open.. Ctrl+0 : . : : .
| <, lsland Genetic Agorithm 3335809 Anisland genetic algoritt
| ol Save Ctrl+S <%, Island Offspring Selection Genetic Algorithm 3335309 Anisland offspring selec
Save As...  Ctrl+Shift+S %, Local Search 3335809 Alocal search algorthm.
Close Ctrl+W %5 NSGAAI 3335809 The Nondominated Sorti
i Bl Gt %, 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
oK || Cencel
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Create or Load Problem

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

v]
=]
=
[&]

Execution Time:  00:00:00

HeuristicLab Tutorial
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Import or Parameterize Problem Data HL

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

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

11| Genetic Algorithm x

=

Z| MName:  Genetic Algorithm @ B8

(=]

=

BE)

Import from TSPLIB

() B &) (%) &

@ Best KnownQuality: 6110
% Best Known Solution: [0;
b Coordinates: [[334.5909
0[3 DistanceMatrix

* Evaluator: TSPRoundedEuclideanPathEvalua)

“ SolutionCreator: RandomPemmutationCreator

@ UseDistance Matrix: True

Details

Mame: Coordinates

Data Type: DoubleMatrix

Value

Show in Fun:

Rowis: 130

Columns: 2

Column 1

357.644663..

Column 2
161,780531...
262.816533...

503.874182...

172874115,

444 D47340...

219 £99F14

Execution Time:  00:00:00

HeuristicLab Tutorial
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Parameterize Algorit

m

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Parameters

+ &1 &Y %X &

“ Analyzer: MuttiAnatyzer

“@ Crossover: OrderCrossover2
¥ Elites: 1

M iicsmnGeneotors 1000
% MutationProbability: 5 %

i Mutator: Inversion Manipulator
# PopulationSize: 100

# Seed: 0

“% Selector: Proportional Selector
¥ SetSeedRandomly: True

(p] (] (=] @]

Details

Eile Edit Miew Services Help
D= -

|||~ Genetic Algorithm x
o

= Name: Genetic Algorithm (i ..ﬁ
(=]

o

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

Hame: MaximumGenerations

Data Type:  IntValue

Value

Show in Run:

Walue: 1000

Execution Time: 00:00:00

HeuristicLab Tutorial
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Start, Pause, Resume, Stop and Reset HL

HeuristicLab

1L HeuristicLab Optimizer 3.3.3.5837 [Unsaved] [E=EE
Eile Edit Miew Services Help
NEd
-~ Genetic Algorithm X
Name:  Genetic Algorithm @ =

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

Parameters

(] & &) () & )

[ preoqdip |

Details
=@ Analyzer: MultiAnalyzer
=@ Crossover: OrderCrossover? Name: LB T EEIER I ® =
@ Eltes: 1 Data Type:  IntValue
[ MaximumGenerations: 1000
& MutationProbabilty: 5 % Value
=4 Mutator: InversionManipulator Show in Run:
# PopulationSize: 100
@ Seed 0 Value: 1000 ==

=@ Selector: Proportional Selector
¥ SetSeedRandomly: True

\ﬂl \El Execution Time: 00:00:00
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Inspect Results

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

[ preoqdip |

Name: Genetic Algorithm

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

Results

+ &1 &Y %X &

# 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
CurrentfverageQuality

50000 7

BestKnownQuality

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

Execution Time: 00:00:01.6910967

HeuristicLab Tutorial
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Compare Runs

* 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
4l HeuristicLab Optimizer 3.3.3.5837 [Unsaved] l e
File Edit View Services Help
NEd
[ ||~ Genetic Algorithm x
=]
= Name: Genetic Algorithm )] ..Ej
a
= Problem | Parameters | Results | Runs | Operstor Graph | Engine
Runs
Details
0[3 Genetic Algorithm Run 1
@ﬁ Genetic Algorithm Run 2 Name: Genetic Algorthm Run 8
6%3 Genetic Algorithm Run 3
| Caoll Change..
0[3 Genetic Algorithm Run 4 ger .
aﬁ Genetic Algorithm Run 5 Parameters & Resulis
4 Genetic Algorithm Run 6 Name B Details
OEX Genetic Algorithm Run 7 Quality
i B} Genetic Algorithm Run B Results o e &
%4 Genetic Algorthm Aun 9 # Absolute DifferenceBestKnownTo| ™ =
%4 Genetic Algorithm Run 10 E Best TSP Solution Visualization | Value
<>[8 Genetic Algorithm Run 11 # BestKnownGuality
%4 Genetic Algorthm Fun 12 @ BestQuality
I @ CumertAverageQuality
@ CurmrentBestQuality
& CumrertWorstQuality
@ EvaluatedSolutions
Q} Execution Time:
@ Generations
A Qualties
@ RelativeDifferenceBestknownTo -
<= ’
Show Algorithm
l
SRLERL] @ Execution Time:  00:00:00 5160296

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

7

HeuristicLab Optimizer 3.3.3.5837 [Un:

| File 1 Edit View Services Help

) New.. Ctrl+N
] Open.. Ctrl+0
i Save Ctr+S |
| SaveAs.. Ctrl+ShiftsS
| Close Ctrl+W LRUP
Close All  Ctrl+Shift+W
Exit

; ¥ EvaluatedSolutions: 26236 7
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Create Batch Runs and Experiments

HeuristicLab

Batch runs

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

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

Experiments and batch runs can be nested

Generated runs can be compared afterwards

7

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] Create Experiment LJ

File | Edit | View Services Help Create Batch Run: |
) Copy To Clipboard $ Bepetitions: 10 =
: Convert into User-Defined Algorithm

Create Experiment

ame: Senehc
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Create Batch Runs and Experiments

=
HL HeuristicLab Optimizer 3.3.5.6558 [Unsaved]

File

Edit  View  Services Help

hHEd

[ preondip ]

" Experiment

Optirmizers

20066

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

(- &, Experiment TranslocationManipulator

drag & drop here

to add additional
algorithms,
batch runs,

experiments, etc.

Details

Mame:

GA, TSP ch130, 5% Mutation Rate, InversionManipulator

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

Parameters

+ 0 X &

‘@ Analyzer: MultiAnalyzer

‘@ Crossover: OrderCrossover2
@ Hites: 1

# MaximumGenerations: 10000
# Mutation Probability: 5 %

4 Mutator: InversionManipulator
@ PopulationSize: 100

@ Seed: 0

‘@ Selector: Proportional Selector
@ SetSeedRandomly: True

Details

Name: Mutation Probability (i n_ﬂ
Data Type: PercentValue

Value

/| Showin Run:

Walue: 5% ._%

Execution Time:  00:00:00

Execution Time:  00:00:00

HeuristicLab Tutorial
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Clipboard

HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File Edit View Services Help

Clipboard

() [21) (24 [x] ]

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

drag & drop
here to add
algorithms,
problems,

batch runs,
experiments,
etc.

Genetic Algorithm

Name: Genetic Algorithm|

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

Name: ch130 TSP {imported from TSPLIB)

[

Impart from TSPLIB

Parameters | \isualization

Parameters

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

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

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

Execution Time: 00:01:02.2315595

HeuristicLab Tutorial
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Clipboard

Store items

HeuristicLab

click on the buttons to add or remove items

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

7

Show items

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

File | Edit View Services Help

) g

Copy To Clipboard
Convert into User-Defined Algorithm

Create Experiment
Genefic Alaorthm

i

Name:

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

Save and restore clipboard content

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

HeuristicLab Tutorial
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Start, Pause, Resume, Stop, Reset HL

HeuristicLab

=
HL HeuristicLab Optimizer 3.3.5.6558 [Unsaved] = | = g

File Edit View Services Help

hEd

E " Experiment o
=
= Name: Experiment 0 ,_%
o
2| [Optmizers [Funs |
— Optirmizers

4 |1 | #] |X

[~ §, Bxperimert InversionManipulator Details

= Batch Run (5) Parameters =

Bl %; GA. TSP ch130, 5% Mutation Rate, Inve | A4l A w | [
¥4 ch130 TSP (mported from TSPLIB) e Zal Dt
O[g 4 Analyzer: Mutti Analyzer als

- Crossover: OrderCrossover? Name: Mutation Probability o=
% Batch Run (5) @ Eltes: 1 .
E1- %, GA. TSP ch130, 10% Mutation Rate, Inv - o Data Type:  PercentValue
5 ch130 TSP jmported from TSPLIE)  MadmumGenerations: 10000 Val
o P @ MutationProbabilty: 5 % alue
arameters
‘@ Mutator: InversionManipulator /| Showin Run:
9---5:?, Experiment TranslocationManipulator g ‘::::I.a:]ionSize: 100 Value: 5% %

[ 4% Batch Run (5) :

- %, GA, TSP ch130, 5% Mutation Rate, Trar ‘@ Selector: Proportional Selector
Loty ¥ SetSeedRandemby: True

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

Execution Time:  00:00:00
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Compare Runs

a
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

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

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

Details

Name:

M (Crange. ]

Parameters & Results

Color:

MName

Results

¥ AbsoluteDifferenceBestK
28] Best TSP Solution

@ BestKnownQualty

@ BestQuality

@ CurentAverageQuality
@ CumentBestQuality

@ CumentWorstQuality
¥ EvaluatedSolutions
Q} Execution Time

¥ Generations
A Qualities

< [

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

Details

Name:  Qualties

@ RelativeDiferenceBestki

Qualities

—— CurrentBestQuality
CurrentfverageGQuality
—— CurrentiwlorstQuality

— BestQuality
BestknownQuality

60000

40000

Al

2000 4000 6000 2000 10000

Show Algorithm

Execution Time:  03:55:16.2570011

HeuristicLab Tutorial
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Analyze Runs

HeuristicLab

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

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

* Filtering is automatically applied to all open run collection views

Optimizers | Runs

Runs | Fitering| 1
Runs

Clear Analyze Runs... -]

[ %3 Genetic Aigorithm |_ RunCollection BoxPlots i
¥ Genetic Algorithm | RunCollection BubbleChart IC
“1$ Genetic Aigorithm RunCollection Tabular View 'IE
3 [ ith . . =
\/; g::z::z :izgh: RunCollection VariableImpacts &
%4 Genetic Algorithm RunCollection View 1

| 42 Genetic Alaorithm (Migation Rate 1%) Run | 11|

HeuristicLab Tutorial http://dev.heuristiclab.com 29



RunCollection Tabular View HL

HeuristicLab

/1. HeuristicLab Optimizer 3.3.3.5837 [Unsaved] ‘ - [ESREEE
File Edit View Services Help
DE - |
1|~ Genetic Algorithm }"RunCollection Tabular View | X
éi Rows: 30| =
E Columns: 48
BestKnownQuality BestKnownSolution BestQuality Coordinates Crossover CurentAverageQualty = |
! »  Genetic Algorithm (Mutation Rate 13:) Run 13 5110 [0:40;38,116;111;114;.. | 16405 [[334,5509245... |CrderCrosso... | 1654313
I Genetic Algerithm (Mutation Rate 1%) Fun 14 5110 [0:40:28.116,111;114,.. | 14783 [[334,5909245... | OrderCrosso... | 15029.02
Genetic Algorithm {Mutation Rate 1%) Run 15 5110 [0:40:38;116;111;114;.. | 14252 [[334,53059245... | OrderCrosso... | 14282 85
Genetic Algorithm {(Mutation Rate 1%) Run 16 5110 [0:40:38,116;111;114;.. | 13243 [[334,5305245... | OrderCrosso... | 1324535
Genetic Algorithm (Mutation Rate 1%) Run 17 5110 [0:40:38:116;111;114;... | 13703 [[334,5909245... | OrderCrosso... | 1374938
Genetic Algorithm {Mutation Rate 1%) Run 18 5110 [0:40:38:116;111;114;... | 13564 [[334,5505245... | OrderCrosso... | 1395105
Genetic Algorithm {Mutation Rate 1%) Run 19 5110 [0:40:38;116;111;114;... | 15421 [[334,5305245... | OrderCrosso... | 1543174
Genetic Algorithm {(Mutation Rate 1%) Run 20 5110 [0:40:38;116;111;114;... | 14403 [[334,5505245... |OrderCrosso... | 15147 H I
Genetic Algorithm (Mutation Rate 1%) Run 21 5110 [0:40:38: 116111114, (13771 [[334,5909245... |OrderCrosso... | 1395456
Genetic Algorithm {Mutation Rate 1%) Run 22 5110 [0:40:38:116:111;114;... | 14525 [[334,5305245... |OrderCrosso... | 145323 I
Genetic Algorithm {Mutation Rate 5%) Run 13 5110 [0:40:38;116;111;114;... | 13095 [[334,5309245... |OrderCrosso... | 136427
Genetic Algorthm (Mutation Rate 5%) Run 14 5110 [0:40:38;116;111;114;.. | 12403 [[334,5305245... | OrderCrosso... | 12818.09 I
Genetic Algorithm {(Mutation Rate 5%) Bun 15 5110 [0:40:38,116:111;114;.. | 14031 [[334,53059245... | OrderCrosso... | 1465338 N
Genetic Algorithm {Mutation Rate 5%) Run 16 5110 [0:40;28;116;111;114;... | 12555 [[334,5505245... | OrderCrosso... | 1325795 I
Genetic Algorithm {Mutation Rate 5%) Run 17 5110 [0:40:38:116:111;114;.. | 12792 [[334,5305245... |OrderCrosso... | 1326438 I
Genetic Algorthm (Mutation Rate 5%) Run 18 5110 [0:40:38;116:111;114;.. | 12711 [[334,5305245... | OrderCrosso... | 1315119 N I
Genetic Algorithm {(Mutation Rate 5%) Run 19 5110 [0:40:38,116:111;114;.. | 12326 [[334,53059245... | OrderCrosso... | 12625.78
Genetic Algorithm {Mutation Rate 5%) Run 20 5110 [0:40:38,116; 111,114, | 13346 [[334,5505245... | OrderCrosso... | 1377785
Genetic Algorithm {Mutation Rate 5%) Run 21 5110 [0:40:38:116:111;114;.. | 12807 [[334,53059245... |OrderCrosso... | 1328481 I
Genetic Algorthm {(Mutation Rate 5%) Run 22 5110 [0:40:38,116:111;114;.. | 12741 [[334,5305245... | OrderCrosso... | 1311318
Genetic Algorithm (Mutation Rate 10%) Run 13 5110 [0:40:38,116:111;114;.. | 15521 [[334,53059245... | OrderCrosso... | 1808404
Genetic Algorithm (Mutation Rate 10%) Run 14 5110 [0:40:28:116:111:114,... [16384 [[334,5909245... |CrderCrosso... | 19609.36 i
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RunCollection Tabular View

HeuristicLab

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

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

Compute statistical values

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

Select, copy and paste into other applications



RunCollection BubbleChart HL

HeuristicLab
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RunCollection BubbleChart

HeuristicLab

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

* Addjitter
— add jitter to separate overlapping bubbles

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

* Color bubbles

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

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

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

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



RunCollection BoxPlots
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Eile Edit Miew Services Help
="
11|~ Genetic Algorithm } RunCollection BoxPlots | X
o
2| [ oty 3
2
— 20000 1
.
-
. .
= _———
: |
& 10000+
ke |
Jin]
1 5000+
|
0
0.01 0.05 0.1
MutationProbability
| &
Statistics
MutationProbability: 1 % MutationProbability: 5 % MutationProbability: 10 %
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RunCollection BoxPlots

HeuristicLab

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

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

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

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

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



Filter Runs

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

File  Edit View Services Help

Name: Demo Experment

[ preondip ]

Runs | Fitering

RunCaollection Constrairts

© 6 0xE

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

L+ BestQuality Less than or equal 10000

Details

Constrained Member:

Constraint Operation:

Constraint Data:

| BestQuality

| Less than or equal

10000
Active

Execution Time: 03:55:16.2570011

D d
" Demo Experiment x
ORE=

HeuristicLab
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Multi-core CPUs and Parallelization

HeuristicLab

* Parallel execution of optimizers in experiments

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

— experiments support parallel execution of their optimizers

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

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

* Parallel execution of algorithms
— HeuristicLab provides special operators for parallelization
— engines decide how to execute parallel operations
— sequential engine executes everything sequentially
— parallel engine executes parallel operations on multiple cores

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

— all implemented algorithms support parallel solution evaluation



Parallel Execution of Experiments HL

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

Eile Edit Miew Services Help

e H
I -~ Dema Experiment x
o

= Name: Demo Experment (i Lﬁ
(=]
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Optimizers

Ll AR ]

A

-, Batch Fun (5)

e

<% Parameters

(= ﬁ at
8%

Parameters
£~ # Batch Run (5)
<% Parameters

-] Resutts
-, Batch Run (5)

<% Parameters
Results

=1 % Experiment InversionManipulator

B %, GA, TSP ch130, D% Mutation Rate, Inve
% ch130 TSP (mported from TSPLIB)

. . Mutation Rate, Inve]
ch130 TSP {imported from TSPLIE)

- %, GA, TSP ch130, 10% Mutation Rate, Inv
45 ch130 TSP {mported from TSPLIE)

- %, GA, TSP ch130, 20% Mutation Rate, Inv
@5 ch130 TSP (mported from TSPLIB)

< 1

Details

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

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

® =

O =
MName: ch130 TSP {mported from TSPLIB)

Import frem TSPLIE

Parameters | Visualization

OE=]

Parameters

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

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

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

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

HeuristicLab

- --—. :-Elg

d
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile Edit Miew Services Help
NEd
1|~ Genetic Algorithm x
o
= Name: Genetic Algorithm (i I_%
(=]
=
Engine: | Parallel Engine
Execution Time:  00:00:06.0343451
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05.04 2011 01:42:25 Engine prepared "
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i
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|
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il
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Analyzers

HeuristicLab

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

 Examples
— TSPAlleleFrequencyAnalyzer
— TSPPopulationDiversityAnalyzer
— SuccessfulOffspringAnalyzer
— SymbolicDataAnalysisVariableFrequencyAnalyzer
— SymbolicRegressionSingleObjectiveTrainingBestSolutionAnalyzer



Analyzers

HeuristicLab

||~ Genetic Algorithm
]
i ‘;. Name: Genetic Algorithm @ %
(=]
| 2| [Problem| Parameters |Resuits [ uns | Operator Graph | Engine
Parameters

(+) @) &) (%]

- : Details
B, Anatyzer: MultiAnalyzer )
=@ Crossover: OrderCrossover? Hame: Analyzer D =7
 Bites: 1 Data Type:  MuttiAnalyzer
¥ MaximumGenerations: 1000
& MutationProbabilty: 5 % Value
=4 Mutator: InversionManipulator Show in Run:
# PopulationSize: 100 i
@ Seed D Name: MultiAnalyzer o ==
I =@ Selector: Proportional Selector Breakpoint:

¥ SetSeedRandomly: True Operstors | Paameters

Details

i Best TSP SolutionAnalyzer

- TSPAlleleFrequencyAnalyzer

=4 TSPPopulation Diversity Analyzer
&% BestAverageWorstQualityAnalyz

Execution Time:  00:00:00
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TSPAlleleFrequencyAnalyzer

d
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

[ preoqdin ]

File  Edit

DS A
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-~ Genetic Algorithm

Name: Genetic Algorithm
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Results
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28] Best TSP Solution: Path TSP Tour
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W BestKnownQuality: 6110

@ AbsoluteDifferenceBestknown ToBest: 5€
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# Fixed Alleles of Best Known Solution: 17
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.
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Execution Time: 00:01:02.2315595
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TSPPopulationDiversityAnalyzer HL

HeuristicLab

,
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] l (e

Eile Edit Miew Services Help

N d
1|~ Genetic Algorithm X
]
= Name: Genetic Algorithm ON-==]
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@ Execution Time:  00:00:09.5495631 \
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Building User-Defined Algorithms

HeuristicLab

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

( HeuristicLab Optimizer 3.3.3.5837 [Unsaved] ( HeuristicLab Optimizer 3.3.3.5837 [Ur
File W View Services Help ) File  Edit ‘r View | Services Help
) d Copy To Clipboard NE d ‘ Start Page
[ ~ Convert into User-Defined Algorithm I "Ge—nelv‘ v | Clipboard 1
ol | Create Experiment i all” Operators I
=\l Name Genetic AlGorthm 5=

Name:  Genelic Agomthm

*  Operators sidebar
— drag & drop operators into an operator graph

*  Programmable operators

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

*  Debug algorithms
— use the debug engine to obtain detailed information during algorithm execution

HeuristicLab Tutorial http://dev.heuristiclab.com 44



Building User-Defined Algorith

ms HL

HeuristicLab

d
HL HeuristicLab Optimizer 3.3.3.5837

Eile

pieogdiy &

|
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----- “ BestSelector

4 Conditional Selector

=4 Crowded Toumament Selector

452 GenderSpeciicSelection

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

d
HL HeuristicLab Optimizer 3.3.3.5837
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Programmable Operators

d
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Debugging Algorithms

rH'.'_ HeuristicLab Optimizer 3.3.3.5837 [Unsaved] ‘ = | = g
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HeuristicLab

* Objectives of the Tutorial

* Introduction

*  Where to get HeuristicLab?

* Plugin Infrastructure

* Graphical User Interface
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* Demonstration Part: Working with HeuristicLab

 Some Additional Features
* Planned Features
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e Suggested Readings

* Bibliography
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Some Additional Features

HeuristicLab

e HeuristicLab Hive

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

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

e External solution evaluation and simulation-based optimization

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

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

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

HeuristicLab

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

* Cloud Computing
— port HeuristicLab Hive to Windows Azure

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

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

* Any other ideas, requests or recommendations?
— join our HeuristicLab Google group heuristiclab@googlegroups.com or
— write an e-mail to support@heuristiclab.com



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

HeuristicLab Team

HeuristicLab Tutorial

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
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Suggested Readings

HeuristicLab

OPTIMIZATION
SOFTWARE CLASS
LIBRARIES

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

Genetic Algorithms and

M. Affenzeller, S. Winkler, S. Wagner, A. Beham e
Genetic Algorithms and Genetic Programming :
Modern Concepts and Practical Applications
CRC Press, 2009
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Questions & Answers

HeuristicLab

http://dev.heuristiclab.com

heuristiclab@googlegroups.com
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