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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

e Demonstrate editing and analysis of optimization experiments

e Demonstrate custom algorithms and graphical algorithm designer

e Demonstrate data-based modeling features

e Qutline some additional features

ICCGI 2011 http://dev.heuristiclab.com 4
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Introduction

¢ 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

ICCGI 2011

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 3.3.4 released on May 4th, 2011

http://dev.heuristiclab.com

HeuristicLab

Where to get HeuristicLab?

¢ Download binaries

deployed as ZIP archives
latest stable version 3.3.4
¢ released on May 4th, 2011
daily trunk build
http://dev.heuristiclab.com/download

e Check out sources

SVN repository
HeuristicLab 3.3.4 tag

¢ http://dev.heuristiclab.com/svn/hl/core/tags/3.3.4
current development trunk

*  http://dev.heuristiclab.com/svn/hl/core/trunk

* License

GNU General Public License (Version 3)

* System requirements

ICCGI 2011

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

http://dev.heuristiclab.com
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HeuristicLab
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Plugin Infrastructure

HeuristicLab

e HeuristicLab consists of many assemblies

— 95 plugins in HeuristicLab 3.3.4 oo =
— plugins can be loaded or unloaded at runtime H
— plugins can be updated via internet
— application plugins provide GUI frontends " HL
* Extensibility b Ty

— developing and deploying new plugins is easy =
— dependencies are explicitly defined,
automatically checked and resolved

— automatic discovery of interface
implementations (service locator pattern)

e Plugin Manager
— GUI to check, install, update or delete plugins e

ICCGI 2011 http://dev.heuristiclab.com 7

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

ICCGI 2011 http://dev.heuristiclab.com 8
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Graphical User Interface

T o T
~Algorithm View
“Na
Problem View
Parameter| ~ Parameter View
Collection
View ( Double Value View )
\ g
\ 7
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HeuristicLéb

Graphical User Interface

HeuristicLab

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

=]
[

ConstrainedValueParameter View

I ConstrainedValueParameter Configuration View

ValueParameter View
1
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Available Algorithms & Problems

Algorithms

*  Genetic Algorithm

¢ Island Genetic Algorithm

e  Offspring Selection Genetic Algorithm
¢ Island Offspring Selection Genetic Algorithm
¢ SASEGASA

e Evolution Strategy

¢ NSGA-II

e Particle Swarm Optimization

*  Local Search

¢ Simulated Annealing

*  Tabu Search

e Variable Neighborhood Search

¢ Linear Regression

¢ Linear Discriminant Analysis

¢ Support Vector Machine

¢ k-Means

e User-defined Algorithm

ICCGI 2011

HeuristicLab

Problems

¢  Single-Objective Test Function
¢ Traveling Salesman Problem

e Quadratic Assignment Problem
¢ Vehicle Routing Problem

¢ Scheduling
¢ Knapsack
¢ OneMax

¢ Data Analysis

¢ Regression

¢ Symbolic Regression

¢ Classification

¢ Symbolic Classification

¢ Clustering

e Artificial Ant

e External Evaluation Problem
e User-defined Problem

http://dev.heuristiclab.com 11

HeuristicLab Optimizer

HeuristicLab

1. Open an algorithm
algorithm from a file

2. Open a problem in the algorithm
Problem) and load a problem from a file

3. Set parameters

isti imi; e e
HeuristicLab Optimizer 3.3.3.5448
File Edit View Help
0 &
Start Page ‘ - X
2| HeuristicLab Optimizer 3.3.3.5448
a Followthese steps to start working with HeuristicLab ODﬁmIZErZ -

« dlick L] (New ltem) in the toolbar and select an algorithm or click 5 (Open File) in the toolbar andload an |2
f « inthe Problem tab of the algorithm click _] (New Problem) and select a problem or click 2 (Open

= setproblem parameters in the Problem tab of the algorithm
« setalgorithm parameters in the Parameters tab of the algorithm

ICCGI 2011
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Create Algorithm

HeuristicLab

New ltem ot
7
HL HeuristicLab Optimizer 3.3.3.5837 Name: Version Description o
File | Edit View Services Help Algerithms =
R Naws CuileN | #, Evolution Strategy 3335809 Anevoktion sirategy.
e — e F A Genetic Agorthm 3335809 A genelic algorthm
-
u_' L i #, lsland Genetic Algonthm 3335809 Anisland genetic algort
ol Save CtrlsS #, Island Offspring Selection Genetic Agorthm 3335809  An island offspring selec
SaveAs.. Ctrl+Shift+S #, Local Search 3335809 Alocal search algorthm
Close Ctrl+W F NSGAI 3335809 The Nondominated Sorti
I Close All  Ctrl+Shift=W #, Offspring Selection Genetic Aigorithm 3335809 An offspring selection ge
#, Particle Swarm Optimization 3335935 A paricle swam optimiz:
Exit ¥ caces AnnEsAN T €3 e
<[ <
ICCGI 2011 http://dev.heuristiclab.com 13
HeuristicLab
HeuristicLab Optimizer 3.3.3.5837 [Unsaved] C=SfC)
Fle Edt View Sevices Help B
Desd
_ Genetic Algorithm | x
T T D3
|2 [ Resuts [ Runs. [ Opesaton Gagh [ Engios
v (n] (@] (@) Executin Time: 000000
ICCGI 2011 http://dev.heuristiclab.com 14
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Import or Parameterize Problem Data

HeuristicLab

Parameters | Viguoluation
Poraneins
B &) < @ &
Detes

@ BestKnownGuaity: 6110

44 BastKnownSolution: [0:40:38:116:111:114:27: Name. Coordnates.

B Coardnates. [134,5505245845,161.76053 15 [ NG NG swymrriowes
“3 DistanceMatix Vel

@ Evakaator, TSPRoundedEuckdeanPathEvalus 20"

@ SoltiorCreator: AandomPean aionCreator 2] [X] stowinrun: @
@ UseDistanceMars: True: b -

Fons E] =

Columns: 2

Colum 1 Cotaen 2 -

» Roml 16178093
Row2 | 397T6MEE. 26281653
Rowd |SOBEMIR.. 172878115
Rowd | 44404750 384643180

@0 E & Exseutn Time: 0000

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] lole
File Edit Yiew Services Help )
= |
,V‘Gnmi(.khpdlhml X
Z| Nome  Genetoc Agothm O]
[ 2] [ Probiom [ Pamnetes [ Fesuts [ Runs | Opsrtor Gagh [ Engine
@)=
Hame: ch130 TSP ted from T SPLIE) gE]
[ impont tom TSPLB )

ICCGI 2011 http://dev.heuristiclab.com
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Parameterize Algorithm

HeuristicLab

Heuristiclab Optimizer 3.3.3.5837 Unsaved]
Eile Edit View Sewices Help

D W

|~ Genetic Aigorithm |

294D

Home:  Genetc Agorthm 0]

[ &) [Problem | Porameters |Resuks | Rune [ Operator Graph [ Enpioe
Parametens

MExE

- Detais
@ Crossover: OrderCrossover2 Lo D&
# Bues 1 Daalype ltVake
L arimurGensations. 1000 | e
@ WatstionProbabity. § % .
@Mt nversonanpuisior (2] ] sroninfen: @
@ Popuiatinsas: 100
@ Seed 0 Volue: 1000 Y
@ Selector: ProporsonalSelector
@ SetSeedRandomly. True

olololo ErscvinTine: 000500

=

ICCGI 2011 http://dev.heuristiclab.com
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Start, Pause, Resume, Stop and Reset

ICCGI 2011

HeuristicLab

Heuristiclab Optimizer 3.3.3.5837 Unsaved]
Eile Edit View Sewices Help
D W
|~ Genetic Aigorithm |
Home:  Genetic Agorthen

Problen | Parameters |Resuls | Runs. [ Operstor Gragh [ Engine.
Paramet

MExE

2oqdD.

Detads
Name:  MamumGenerstions

DataType inVake

@ MutsionFrobabiey. 5 %

: vake
OMtstr bt () [X) soninfun @
o Poptmonsas 00

@ Seed 0 Volee 100D
@ Selector: ProporsonalSelector
@ SetSeedRandomly. True

E=Rrey =~

Exscution Time: 000000

=

http://dev.heuristiclab.com
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Inspect Results

ICCGI 2011

HeuristicLab

294D

Heuristiclab Optimizer 3.3.3.5837 Unsaved]
Eile Edit View Sewices Help

D W

|~ Genetic Aigorithm |

Nome:  Genetc Agorthm

| 2] [Frobien | Pometers | Resuts |Runs | Opeator Graph | Engoe
Rasults.

MExE
@ EvaatedSoutons: 26236 peate
% Generations: 264 Name:  Gualtes

] Best TSP Soktion: PathTSPTouw

@ CumertAversgeQualty. 27311

@ CumertWorstGuaity: 30328

# Gomtyur 202

@ BestKnownQuaiey: 6110

# Posolute DiferenceBestKnown ToBest: 18542
@ Relative Dfference BestKnown ToBest.: 303 465

@ CurentBestQualty: 20652 Qualities

— CurrentBestQuality  —— CurrenfiiorsiQually —— BestQuality
CurrentiverageQuality

BestinownQuality

Exscution Time: 0000016310967

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

e Save to and load from disk

HeuristicLab

— HeuristicLab items (i.e., algorithms, problems, experiments, ...)

can be saved to and loaded from a file

data format is custom compressed XML
saving and loading files might take several minutes

HeuristicLab Optimizer 3.3.3.5837 [Un:

File | Edit View Services Help

) New. Ctrl+N
Hzs Open.. Ctrl-0
[ save eS|
SaveAs.. Ctrl+ShiftsS
Close Ctrl+W Rur
[ Closean ctaeshiftew
Bit

@ EvaluatedSolutions: 26236

ICCGI 2011 http://dev.heuristiclab.com

algorithms can be paused, saved, loaded and resumed

saving and loading large experiments requires some memory

19

Compare Runs

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

jr— e o— g =
e e e
|nea
= =
S b
e e
=)
o
o s
o
s
il
i Ly ro04
— _,,-r—.f.r
vl £
S e B LR
e ]
3|3 Execution Time:  00:00:00 516029
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Create Batch Runs and Experiments

HeuristicLab

e 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

e Experiments and batch runs can be nested

¢ Generated runs can be compared afterwards
Create Experiment ﬁ

Create Batch Run: [V]
\ ¢ Repetitions 10 =

HeuristicLab Optimizer 3335837 [Unsaved]

File | Edit | View Services Help

g Copy To Clipboard
Convert into User-Defined Algorithm
Create Experiment

T TR MR

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

Create Batch Runs and Experiments

HeuristicLab

@ MutationFrobabity: 1%
@ Mutator: InversonManpuator
@ Popuiasonsize: 100

Value
2 [ sominrn @

Execuion Time: 00:00:00

Execution Time: 000000

Exscution Time: 000000

HeuristicLab Gptimizer 3.3.3.5837 [Unsaved] B )
File Edit View Services Help
DEd
Genetic Algorithm | x
= || Neme: Genetic Agorthm D 3
Optimizers | Runs.
[ —
&0 @ x
A Batch Run: Genetic Agarthm (Mutation Rate 1%) | st
# Batch Run: Genetic Aigorthm (Mutation Rate 5%) Diame: Batch Run: Genetic Aigorthm (Mutation Rate 1%) RE")
4% Batch Run: Genetic Migorthm (Mutation Rate 10%) Repetiions: 10 S
Optenzet | Runs.
D@
drag & drop here || wee o spotim sonpse 1 2
to add additional fetien] P | Bamta o [ Oostor och | Eogkn
algorithms, mImEEs=)
Detas.
P
batch runs, i e ety (D
H Bites: 1
experiments, etc. e s 100 Do ipe: [Pt

ICCGI 2011

http://dev.heuristiclab.com

22

19.06.2011

11



Clipboard

HeuristicLab
[T —rprrTy— i (o0
File Edit View Services Help
1= g
Clipboard 2 x| Genetic Algorithm © 5
(3] [a1) 0] (<) (&) Mame:  Genetie Agorthe] D 3
i ch130 TSP fmpoded from TSPLIB) Proiom [ Pocameten | st | Funs | Operator Gagh | Enoie
¥, Expesment . -
. Genetc Agorten b &
;mmﬁ«m'ﬁmrsmm tame:  ch130 TSP fmported from TSPLIS) O}
Impont from TSPLIB. ]
==
drag & drop Poneen -
)]
here to add @ BestKnownGualty: 6110
algorithms, f Comiten T4 S52EA18 o0515
problems, f i
batch runs, o Sorrmta oot
. @ UseDistanceMatror: Toe:
experiments,
etc.
Y@@ Erecubion Tive: OOTRIDIES |
ICCGI 2011 http://dev.heuristiclab.com 23
Clipboard
HeuristicLab
e Store items
— click on the buttons to add or remove items
— drag & drop items on the clipboard
— use the menu to add a copy of a shown item to the clipboard
HeuristicLab Optimizer 3.3.3.5837 [Unsaved]
File [ Edit | View Services Help
) Copy To Clipboard \
Convert into User-Defined Algorithm
- Create Experiment
Ve
¢ Show items
— 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
ICCGI 2011

http://dev.heuristiclab.com

24

12

19.06.2011



Start, Pause, Resume, Stop, Reset

ICCGI 2011

HeuristicLab

p 335837 €O Tutariali] [E=SET=)
File Edit Yiew Services Help
DEd
Genetic Algorithm |

Nome:  Genetc Agorthm D

Optimizers || Runs.
Optimizers.
t 3] X
Detals
#, Batch Run: Genetic Algorthm (Mutation Rate 1%)
% Batch Run: Genatic Agorthm (Mutation Rate 5%) Name: Baich Run: Genetic Algorkhm (Mutation Fate 1%) D&
%, Batch Run: Genetic Aigorthm (Mutation Rate 10%) Repestiors 10 %
Optevsier | Funs.
@]=

Hame:  Genetic Agorthm (Mutation Rate 1%) D

Problen | Parameters |Resuts | Auns [ Opentor Grgh | Engne
[—

31 [2F
Detais
@ Aatyzer Mabnalyor -
@ Crossover: OrderCrossover? Liame: [ttt O B
# Bes 1 = DemIype PercentVabe
@ MadamumGenerations: 1000
 MsaionProbabiy: 1 % Vee
@ Nutator. versonMlanpustor 2] [#] sowinrun @
# PopuiationSae: 100
D a| (@) ErecusionTime: 00:00.00
v al (@ Execution Time: 00.01:02.7625888
(] (u] (=] [@) Execution Time: 00:0258.0842431 |
)
http://dev.heuristiclab.com 25

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

ICCGI 2011

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

http://dev.heuristiclab.com 26

19.06.2011

13



Parallel Execution of Experiments

S—pYPTT o T |
Ele Edit View Sewices Help -
h o5

|~ Genetic Aigorithm |

Ortrmzers |
Optimizers
1 (3] X (&

f %, Batch Fun: Geneti Agorthm Mutz
#, Batch Run- G Mgorthm (z ] Here Batch Run: Genetic Aigorthm (Mutation Rate 5%)
4% Batch Run: Genetic Agorthm Mzl fll Regetifions: [10

| Heme:  Genetc Agothm

Detads

I
i ot [
| B @
Home  Genetic Agorkhm (Mutation Rate 5%) D
I | Protiem | Parameters | Resuks | Auns | OpersioGroph | Engine.
D &5

Name: eh130 TSP fmported from TSPLIE)}

i

Import rom TSPLIB
I [ Paramaters | Visuataation
I Parcters

| a1 &1 (<) @

Execution Time: 00:00:01.03205%3

Y@@ e

»/[u)(a)[a 1. start experiment J

U [(a)(a][s 2. start other optimizess. g wasmses

Exscution Time: 00:0305.0615649

ICCGI 2011 http://dev.heuristiclab.com
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Parallel Execution of Algorithms

Nome:  Genetc Agorthm
e e | w

=

Roviada oy AT e = T elo
Ele Edit View Sewices Help - |
D |
|~ Genetic Aigorithm | x

Engine: [Parsiel Engne:
Execution Time:  00:00:06.0343451

b Los Clear Log
05042011 014225 Enge prepered
05042011 014225 Engine started
05042011 014231 Engine stopped

Exscution Time: 0000060343451

ICCGI 2011 http://dev.heuristiclab.com
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Compare Runs

HeuristicLab
ptimizer 3335837 Tutorialn]
File Edit Yiew Services Help
Desd
1]~ Genetic Aigorithm | x
Home:  Genetc Agorthm D 3
Optiizers | Furs
Runs | Fesng| E]
Furs
() (e | (&) anayzeRuns.. -
- | Detsis
2 Genetic Ao (Mutaion Rate %) Fun i ,
45 Genetc Agorthm (Mutation Rate T Run | | Name:  Genstic Agorthe (Mtstion Rate 1) Rum 13 2
5 Genetc Algorthm (Watation Rate 12 Run G
15 Gonetic Agorin Bsaton R ypun | || 2 [ (Sheres 5
%5 Genetic Algorthm (Mutation Rate: 1) Fun Parameters § Remits
%7 Ganatic Agorthm (Mutation Rate 10 R - o] Desis
%5 Genetic Agarth (Mutetion Rate: 1%) Fun lame  Qualtes OF--]
45 Genetic Aigarthm (Wtaion Rate 1) Fun Resuits o — -
“if Genetic Aigorthm (Mutation Rate 1%} Fun | = @ Abackts DtferenceBastinonn’} Qualities
3 Genetic Agorthm (Mutetion Rate: 1%} Fun [l Baat TSP Sohsion
%5 Genetic Algorthm (Mutation Rate 5%) Run @ BestKnownCuaity — CurrentBestQualily
95 Genelic Aigoriten (Mtaion Rate 5%} Fun @ BestGusity goneneregeally
% Genati Algartom (Wastion Rate 57 Fun # CuertAverageGuakty e
I Genetic Aigorthm (Mueasion Rate 5') Fun @ Curert BestQualty BestknownQuality
5 Genetic Algarthm (Wutaion Rate 57 Run # Curert WorsCuaty
%5 Genetic Algorthm (Mutation Rate 5%) Fun @ EvaluatedSokions 60000 i
45 Ganelic Agorhn (tston Rl 51) %, Execuon Tme 40000
G4 Genetic Agarthm (Mutetion Rate. 5%) Run @ Generations 20000
5 Genete Agarthm (Watation Rate 5%) Run o
95 Gentc Algorthm (Wataton Rate 5% Fun
5 Genetic Aigorihm (Mataton ate 10%) Fur # PrimomDhimrcs Sosrhann T 1000
%5 Genetic Aigorthm (Mutation Rate 10%) Fur d d
i Genetie Aigorthvn (Mutstion Rate 10%) Rur ~
1
|
) (=] @ Exacuion Time: 0002590642431 1
]
ICCGI 2011 http://dev.heuristiclab.com 29
HeuristicLab
ptimizer 3335837 Tutorialn]
File Edit Yiew Services Help
Desd
1]~ Genetic Aigorithm | x
Home:  Genetc Agorthm D 3
Optiizers | Furs
Runs | Fiterng =
RunColecton Congrarts
HeyxE
- Datsie
g BestGuality Less than 15000 ,
% y 2% = -]
Censtraint Operation:
Constraint Deta:
|
1
|
) (=] @ Exacuion Time: 0002590642431 1
]
ICCGI 2011 http://dev.heuristiclab.com 30
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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

Analyze Runs... ‘I
%3 Genetic Aigorkhm RunCollection BoxPlots
“% Genetic Algorithm RunCollection BubbleChart e
“1$ Genetic Aigorithm RunCollection Tabular View i|
“i4 Genetic Algorithm -
1l
3 Genetic Agorthm RunCollection Variablelmpacts "
%4 Genetic Algorthm RunCollection View
@4 Ganctic Maoithm NI BT T
ICCGI 2011 http://dev.heuristiclab.com 31

RunCollection Tabular View

HeuristicLab

HeuristicLab Optimizer 3.3.3.5837 [Unsaved] L BN
File Edit View Services Help |
Desd
|~ Genetic Algorithm )} RunCollection Tabular View | x
[ 2
Golumas:
BetknownQualy  BesKnownSchan  BedGusiy  Coodesies | Cossover  CurortAvemgeQualty =
b Genetic Agorthm (Wastion Rate T Rn 13 5110 4038116117114, | 16405 [334.5905245... |OnderCrosso... [ 1654313
‘Genetic Agorthm (Wastion Rate T Rn 14 5110 4038116117114, | 14783 [334.5905245... | OnderCrosso... | 15028.02
Genstic Agorth (Wadstion Rate T)Rn 15 5110 LGNNI | 14252 [334.5905245.._|OnderCrossa.. | 428285
Genetic Algorthm (Mutstion Rate 1%)Run 16 5110 [0:40:38:116:117,114; | 13243 [[334.5909245. | OrderCroaso | 1324595
Genatic Agorthm (Masstion Rate 1) Run 17 5110 4038 1ETIT NG, | 13703 3345909245, |OndaCrosso.. | 13749.38
Genetic Algorthm (Mutation Rate 1%) fun 18 B ([DA40IBNENIN1N4,. | 13584 [334,5909245... |OrderCrossc... | 13951.09
I ‘Genetic Aigorthm (Mutation Rate 1%) Run 19 B0 [D:A40:38:116:111:114;... | 15421 [334.5905245... | OrderCrossc... | 1543174
Genetic Agorthm (Waation Rate )R 20 5110 [L4DIBAI6AIT 114, | 14403 [334.5909245.. | OnderCrusso... | 15147 b
Genetic Agorthm (Wsstion Rate 1) Rn21 5110 DABNGINNE, 13770 [334.59092¢5...|OnderCroms... | 13954.56
‘Genetic Agorth (Wastion Rate T)Rn 22 5110 [CAOIIETIN NG, | 14528 [334.5905245...|OrderCiosso... | 145323
Genstic Aigorthve (Mutstion Rate SX)Run 13 5110 [0:4038:116:111.114: | 13085 [[33%4.5309245. | OrderCrosso__ | 13642.7
‘Genetic Agorthm (Wadstion Rate SR 14 5110 [AD3BTITIT I, | 12403 [334,5909245.__|OnderCrosso... | 12618,09 1
‘Genatic Algorthm (sation Rate 59 fun 15 5110 D403 1B 14, | 14091 [334,5905245...|OndeCrosso. ., | 14653.38 I
Genatic Algorthm (tstion Rate S)fun 16 5110 LAV | 12585 [334.5905245...|OndecCrosso... | 13297.55 i
‘Genstic Algorthm (Wdstion Rate S%)Rn 17 5110 LAV 14 | 12792 [324.5905245... | OnderCrossa... | 1326438 i
Genetic Agorthm (Wuation Rate 5%)n 18 5110 [4OBIETIT IS | 12711 [334,5909245.._|OnderCrosso.. | 13151,19
Genatic Aigorthm (Mutation Rate S%)Run 18 5110 [0:40:38:116:111,104; | 12326 [334.5909245 | OndecCrosso_ | 12625.78
Genetic Algorthm (Mutation Rate 5%) Run 20 B [DA0IBNENININE.. | 13346 [334,5909245... |OrderCrosso... | 13777.85
Genstic Algorthm (Mutation Rate 5%) Run 21 5110 [D:40:38:116:111:114:. | 12807 [334.5905245. . OrderCrosso_.. | 13284 81
Genetic Agorthm (Wuation Rate 5%)Rnz2 5110 [L403BIIETIT .. | 12741 [34.5905245... | OnderCrosso... | 13113.18
Genatic Algorthm (Wasstion Rate 102) Run 13 5110 0403811611114, | 15921 [334.5905245... |OnderCrosso... | 1808404 |
‘Genetic Acorthm (Wastion Rate 1020 Fun 14 5110 [04038:116.117.114... | 16384 [334.5905245... | OndecCrosso... | 19609.36 - i
i ' |
!
]
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RunCollection Tabular View

Sort columns

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

Show or hide columns

HeuristicLab

— 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

ICCGI 2011

h

ttp://dev.heuristiclab.com
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RunCollection BubbleChart

HeuristicLab

File  Edit
[nea

Genetic

HeuristicLab Optimizer 3335837 [Unsaved]

View Services Help

Algorithm )} RunCollection BubbleChart

15000
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Butble Size: [Constant

O!.

[E=SEEN )
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[ MusatonProbabity <) (@) e

ICCGI 2011
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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

e Addjitter
— add jitter to separate overlapping bubbles

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

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

e Showruns
— double click on a bubble to open its run

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

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

ICCGI 2011 http://dev.heuristiclab.com 35
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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

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

* 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)

ICCGI 2011 http://dev.heuristiclab.com 37

Analyzers

HeuristicLab

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

e Examples

— TSPAlleleFrequencyAnalyzer
TSPPopulationDiversityAnalyzer
SuccessfulOffspringAnalyzer
SymbolicDataAnalysisVariableFrequencyAnalyzer
SymbolicRegressionSingleObjectiveTrainingBestSolutionAnalyzer

ICCGI 2011 http://dev.heuristiclab.com 38
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HeuristicLab
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TSPPopulationDiversityAnalyzer

HL

HeuristicLab
Heursticah Optimizer 3335837 [Unsaved] i Lo [ i
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Building U Defined Algorith
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
HL HeuristicLab Optimizer 3.3.3.5837 [Unsaved] HeuristicLab Optimizer 3.3.3.5837 [Ur
File | Edit | View Services Help File Edit | View | Services Help
d Copy To Clipboard NE A Start Page
Convert into User-Defined Algorithm ‘ ﬁ Clipboard
Create Experiment Operators
\ oy TSEraR s MAARm Name: Genetic Algorthm
e Operataors 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
42
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Building User-Defined Algorithms

ICCGI 2011

HeuristicLab
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Building User-Defined Algorithms

ICCGI 2011
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Programmable Operators
HeuristicLab
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Debugging Algorithms
HeuristicLab
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Introduction to Data-based Modeling

HeuristicLab

* Dataset: Matrix (X;;) i1y j=1.x
— N observations of K input variables
— X;; = i-th observation of j-th variable
— Additionally: Vector of labels (y;...yy)"

* Goal: learn association of input variable values to labels

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

ICCGI 2011 http://dev.heuristiclab.com

47

Data-based Modeling Algorithms in

HeuriStiCLab HeuristicLab

* Symbolic regression and classification based
on genetic programming

e External Libraries:

— Support Vector Machines for Regression and
Classification

— Linear Regression
— Linear Discriminate Analysis
— K-Means clustering

ICCGI 2011 http://dev.heuristiclab.com
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Case Studies

HeuristicLab

* Regression
— Artificial benchmark problem dataset Poly-10
— Algorithms:

* Linear regression
e Symbolic regression using Genetic Programming

¢ (Classification

— Real world medical Mammographic Mass dataset
from the UCI Machine Learning Repository

— Algorithms:
* Symbolic classification

ICCGI 2011 http://dev.heuristiclab.com 49

Case Study: Regression

HeuristicLab

* Poly-10 benchmark problem dataset
— 10 input variables x; ... X,
— V=X, Xy + X3t Xy Xg * Xg + Xg * Xyt Xg + X3+ Xg * Xq
— Non-linear modeling approach necessary
— Frequently used in GP literature

— Download:
http://dev.heuristiclab.com/AdditionalMaterial#ICCGI2011

ICCGI 2011 http://dev.heuristiclab.com 50
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Linear Regression

HeuristicLab
e Create new algorithm
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Inspect and Configure Dataset

ICCGI 2011

HeuristicLab
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Inspect Imported Data

HeuristicLab
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Set Target Variable

HeuristicLab
HearisticLab Optimizer 33.3.5837 BT =)
File Edit VYiew Services Help
D &
|/ StartPage | Linear Regression ) Problembata | - X
Z| Neme:  Problembata ® &
Dot Type:  IRegressionProsiem Deta (RgressonProblemOuta)
[T voe
(] ] stowinkun: @
Neme:  Deta mpontsd fom moAtwanate poly-1055v R ]
FParameters.
HEXE
5 Dotaset paate §
Name:  TorgelVadable D B
@ TargetVariabe:
- b, End: 500
@, TesrgPatbon: Qe 0, End: 250
o) foviorin: @
3
TR1+N00.05)
ICCGI 2011 http://dev.heuristiclab.com 55
HeuristicLab
HearisticLab Optimizer 33.3.5837 BT =)
File Edit View Services Help
b e
|/ StartPage | Linear Regression ) Problembata | - X
Nome:  ProblemDuta ® 3
S| DonType IRegressonProbiemDeta (ogrssonProblemOuta)
[T voe
(] ] stowinkun: @
Neme:  Deta mpontsd fom moAtwanate poly-1055v R ]
FParameters.
HEXE
% Dotaset D =
R o Variabies: ReadOniyCheckedbem st <l ) D 3
@ TarpetVariabe: (i) Data Type:  ReadOny/Checkedtembt g Vake>
4, TestPation: Stat: 250, End: 500
@, TesnngPatbon: St 0, End: 250 e,
2| [X] showinRun: @
1031 =
9 oxi
v ex2
v ex
v e
9 4 x5
v 96
v exd
v @k
9 #x8
¥ 4x10
o
¢ RND005)

ICCGI 2011

http://dev.heuristiclab.com

56

19.06.2011

28



Configure Training and Test Partitions

HeuristicLab
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Inspect Results

HeuristicLab Optimizer 3.3.3.5837 [Unsaved]

Eile  Edit
D W
11|~ StartPage ) Tinear Regression |

View Services Help

Regression Sokiion
HExE e
[ @ Average relative ewor fest): 2519.5707855105 %
¥ Average relative enor franing): 1632.67737047602 %
& Maan swed ecr et 0 I6ATES200TGATESS
@ ean squared exor raing): 0. 3996954 7581476439
L Wodel SymbolcPeqressanWodel

# Estimated oot mean square emor {cross vabdal

 Pearson's R fest). 0.0088302¢87307643576
@ Pearson's R fraining): 0.0529955738%64517

j!jkgmmmm Scanerfior
Il RegressionSaksion LineChat
18 Regression Soktion EstmatedVabues

Exscution Time: 00:00-00.0570033

ICCGI 2011 http://dev.heuristiclab.com

HeuristicLab
===
- X
D3
]
59

Inspect Scatterplot of Predicted and Target

Values
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Inspect Linechart

HL

Heuristiclab Optimizer 3.3.3.5837 (Unsaved]
Ble Edt View Sewices Help
Desd
11|~ StartPage ) linear Regression |
T| Mame LoesrRegresson
5| [FProbien [ Porameters| Remits [Runs
[ [ mess -
Detais

Ji Linear regression scltion: SymblcRegressior

@ Average relative emor fest): 2519.5707855105 Deads
¥ Average relative enor franing): 1632.677370411
@ Masn squared emor fest) 0.354789280164208
@ Mean squared emor fraining): 0399695475814
e Modet: SymbodcRegreasonModsl

.

# Estimated oot mean square emor {cross vabdal

— i)

 Pearson's R fest). 0.0088302¢87307643576
@ Pearson's R fraining): 0.0529955738%64517
3 ProtlemDeta: Data impated from mutivatate px

HeuristicLab
===
- X
) 3
k-]
SymbelicRegressionSolution
Ecscaton Tene: [GOOHEISTOES

ICCGI 2011 http://dev.heuristiclab.com

61

Inspect Graphical Representation of Model HL

HeuristicLab
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Textual Representations Are Also Available
HeuristicLab
e Use ViewHost to switch to textual representation view
HeuristicLab Optimizer 33.3.5837 [Unsaved] ST
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Default Textual Representation for Model
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Textual Representation for Export to LaTeX

HeuristicLab
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Nonlinear Modeling: Symbolic Regression

HeuristicLab

* Linear regression produced an inaccurate model.

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

* Genetic programming
Evolve variable-length models
Model representation: symbolic expression tree
Structure and model parameters are evolved side-by-side
White-box models

()

ICCGI 2011 http://dev.heuristiclab.com 66
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Create New Genetic Algorithm HL

HeuristicLab
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Configure Selection Operator
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Inspect Variable Impacts
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Case Study: Classification

HeuristicLab

e Real world medical dataset (Mammographic Mass)
from UCI Machine Learning Repository (Frank &
Asuncion)

— data from non-invasive mammography screening
— variables:

* patient age

e visual features of inspected mass lesions: shape, margin, density
— target variable: severity (malignant, benign)

— Download:
http://dev.heuristiclab.com/AdditionalMaterial#ICCGI2011
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Configure and Run Algorithm

HeuristicLab
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Inspect Quality Linechart

HeuristicLab
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Inspect Model Output and Thresholds
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Inspect Confusion Matrix
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Analyse and Simplify Best Training Solution HL

ICCGI 2011
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Analyse and Simplify Model

ICCGI 2011
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Symbolically Simplified Model

HeuristicLab
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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

¢ 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, ...)

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

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

HeuristicLab

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

¢ Cloud Computing
— port HeuristicLab Hive to Windows Azure

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

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

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

HeuristicLab

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

Softwarepark 11
A-4232 Hagenberg
AUSTRIA

WWW: http://heal.heuristiclab.com

Q, HEAL — h
Heurisiicand Evolulionary | |

Algorihms Laboratory | OBERGSTERREICH
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HeuristicLab
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Modern Concepts and Practical Applications
CRC Press, 2009

ICCGI 2011 http://dev.heuristiclab.com 109

Bibliography

HeuristicLab

S. Wagner, M. Affenzeller

isticLab: A generic and imizati i
Adaptive and Natural Computing Algorithms, pp. 538-541
Springer, 2005

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

Benefits of plugin-based heuristic optimization software systems

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

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

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

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

Model driven rapid p ing of heuristic imization algorithms

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

S. Wagner
Heuristic optimization software systems - ing of heuristic optimization alg
Ph.D. thesis, Johannes Kepler University Linz, Austria, 2009.

in the HeuristicLab software environment

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

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

ICCGI 2011 http://dev.heuristiclab.com 110

19.06.2011

55



19.06.2011

Questions & Answers

HeuristicLab

http://dev.heuristiclab.com

support@heuristiclab.com
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