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• Suggested Readings 
• Bibliography 
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Objectives of the Tutorial 

• Introduce general motivation and design principles of 
HeuristicLab 

 

• Show where to get HeuristicLab 
 

• Explain basic GUI usability concepts 
 

• Demonstrate basic features 
 

• Demonstrate analysis of optimization experiments 
 

• Demonstrate data-based modeling features 
 

• Outline some additional features 
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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 
– 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 3.3.9 released on October 11th, 2013 
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Where to get HeuristicLab? 

• Download binaries 
– deployed as ZIP archives 
– latest stable version 3.3.9 

• released on October 11th, 2013 

– daily trunk builds 
– http://dev.heuristiclab.com/download 

 

• Check out sources 
– SVN repository 
– HeuristicLab 3.3.9 tag 

• http://dev.heuristiclab.com/svn/hl/core/tags/3.3.9 

– Stable development version 
• http://dev.heuristiclab.com/svn/hl/core/stable  

 

• 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 consists of many assemblies 
– 132 plugins in HeuristicLab 3.3.9 
– plugins can be loaded or unloaded at runtime 
– plugins can be updated via internet 
– application plugins provide GUI frontends 

 

• Extensibility 
– developing and deploying new plugins is easy 
– dependencies are explicitly defined, 

automatically checked and resolved 
– automatic discovery of interface 

implementations (service locator pattern) 
 

• Plugin Manager 
– GUI to check, install, update or delete plugins 
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Plugin Architecture 
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Graphical User Interface 

• HeuristicLab GUI is made up of views 
– views are visual representations of content objects 

– views are composed in the same way as their content 

– views and content objects are loosely coupled 

– multiple different views may exist for the same content 
 

 

• Drag & Drop 
– views support drag & drop operations 

– content objects can be copied or moved (shift key) 

– enabled for collection items and content objects 
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Graphical User Interface 
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Collection 
View 

Parameter View 
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Graphical User Interface 

• 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 
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Available Algorithms 

Population-based 

• CMA-ES 

• Evolution Strategy 

• Genetic Algorithm 

• Offspring Selection Genetic Algorithm 

• Island Genetic Algorithm 

• Island Offspring Selection Genetic Algorithm 

• SASEGASA 

• Relevant Alleles Preserving GA (RAPGA) 

• Genetic Programming 

• NSGA-II 

• Scatter Search 

• Particle Swarm Optimization 

 

Trajectory-based 

• Local Search 

• Tabu Search 

• Robust Taboo Search 

• Variable Neighborhood Search 

• Simulated Annealing 
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Data Analysis 

• Linear Discriminant Analysis 

• Linear Regression 

• Multinomial Logit Classification 

• k-Nearest Neighbor 

• k-Means 

• Neighbourhood Component Analysis 

• Artificial Neural Networks 

• Random Forests  

• Support Vector Machines 

• Gaussian Processes  

 

Additional Algorithms 

• User-defined Algorithm 

• Performance Benchmarks 

• Hungarian Algorithm 

• Cross Validation 

• LM-BFGS,  

 



Available Problems 

Combinatorial Problems 

• Traveling Salesman 

• Vehicle Routing 

• Knapsack 

• Job Shop Scheduling 

• Linear Assignment 

• Quadratic Assignment 

• OneMax 

 

Genetic Programming Problems 

• Symbolic Classification 

• Symbolic Regression 

• Symbolic Time-Series Prognosis 

• Artificial Ant 

• Lawn Mower 

 

Additional Problems 

• Single-Objective Test Function 

• User-defined Problem 

• External Evaluation Problem  
(Anylogic, Scilab, MATLAB) 

• Regression, Classification, Clustering 

• Trading 
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Demonstration Part I: 
Working with HeuristicLab 

 

• Create, Parameterize and Execute Algorithms 
 

• Save and Load Items 
 

• Create Batch Runs and Experiments 
 

• Analyze Runs 
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Analyze Runs 

• HeuristicLab provides interactive views to analyze and compare all runs 
– textual analysis 

• Tabular View 

– graphical analysis 
• Bubble chart 
• Box plots 
• Multi-line chart 

 

• Filtering is automatically applied to all open run collection views 
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Multi-core CPUs and Parallelization 

• 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 
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Building User-Defined Algorithms 

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

 
 
 
 
 
 
 

• 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 
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Building User-Defined Algorithms 
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Building User-Defined Algorithms 
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Programmable Operators 
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Demonstration Part II: 
Data-based Modeling 

• Introduction 
 

• Regression with HeuristicLab 
 

• Variable relevance analysis 
 

• Model simplification and export 
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Data-based Modeling Algorithms in 
HeuristicLab 

• Symbolic regression and classification using 
genetic programming 

 

• External Libraries: 

– Linear Regression, Linear Discriminate Analysis 

– K-Means clustering 

– Support Vector Machines 

 

 
HeuristicLab Tutorial http://dev.heuristiclab.com 56 



Symbolic Regression with HeuristicLab 

• Genetic programming 

– evolve variable-length models  

– model representation: symbolic expression tree 

– structure and model parameters are evolved side-by-side 

– white-box models 
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Symbolic Regression with 
HeuristicLab 
• Demonstration 

– problem configuration 
– function set and terminal set 
– model size constraints 
– evaluation 

 

• Algorithm configuration 
– selection 
– mutation 

 

• Analysis of results 
– model accuracy 
– model structure and parameters 
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Poly-10 benchmark problem 

10 input variables x1 … x10 
 

𝑦 =  𝑥1 𝑥2 +  𝑥3 𝑥4 +  𝑥5 𝑥6 +  𝑥1 𝑥7 𝑥9 +  𝑥3 𝑥6 𝑥10 
 

non-linear modeling approach necessary 
 

frequently used in GP literature 
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Variable Relevance Analysis 

• Which variables are important to predict classes correctly? 
 

• Demonstration 
– Variable frequency analyzer 
– symbol frequency analyzer 
– variable impacts 
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Inspect Variable Frequency Chart 
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Inspect Variable Impacts 
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Inspect Symbol Frequencies 
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Model Simplification and Export 

• Demonstration 
– automatic simplification 

 

– visualization of node impacts 
 

– manual simplification 
• online update of results 

 

– model export 
• Excel 
• MATLAB 
• LaTeX 
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Some Additional Features 

• 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 

 

• 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 

• Algorithms & Problems 
– steady-state genetic algorithm 
– unified tabu search for vehicle routing 
– estimation of distribution algorithms 
– … 

 

• Cloud Computing 
– port HeuristicLab Hive to Windows Azure 

 

• Statistics 
– implement statistical tests and automated statistical analysis 

 

• 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 
– write an e-mail to support@heuristiclab.com 
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HeuristicLab Team 
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Questions & Answers 
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