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Latest Version of this Tutorial

HeuristicLab

* An up-to-date version of this tutorial can be
downloaded from the HeuristicLab website

— http://dev.heuristiclab.com/trac.fcgi/browser/mis
c/documentation/Tutorials
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Objectives of the Tutorial

HeuristicLab
Introduce general motivation and design principles of HeuristicLab
Show where to get HeuristiclLab
Explain basic GUI usability concepts
Demonstrate basic features
Demonstrate optimization of parameters in external applications
Demonstrate optimization of parameters in MATLAB and Scilab
Demonstrate optimization of custom problem definitions

Outline some additional features



Introduction

e 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 3.3.16 "Prague”
* released on July 31st, 2019
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Where to get HeuristicLab?

HeuristicLab

* Download binaries HeuristicLab
_ deployed as ZI P archives . Er\vlroNnmtntfarH ::::: (4(0':Iwmwzalnond F i v S S :
— latest stable version 3.3.16 "Prague”

° relea sed on Ju |y 3 1st, 20 19 HeuristicLab is a framework for heuristic and evolutionary algorithms that is developed by members of the Heuristic and Evolutionary

Algorithms Laboratory (HEAL) since 2002. The developers team of HeuristicLab uses this page to coordinate efforts to improve and extend
HeuristicLab.

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

« Graphical User Interface

« Algorithm Prototyping

« Evolutionary Algorithms

* Genetic Programming

« Data Analysis

« Simulation-based Optimization

* Check out sources
— SVN repository
— HeuristicLab 3.3.16 tag
* https://src.heuristiclab.com/svn/core/tags/3.3.16

— Sta b I e d eve I O p m e nt Ve rs i 0 n HeuristicLab in your teaching activities, if you have interesting business cases, or if you would like to get in contact for a research collaboration.
See the support section for contact details. It would be great to hear from you!
* https://src.heuristiclab.com/svn/core/stable

« Experiment Design and Analysis
¢ Plugin-based Architecture

Research & Publications License Contribute

Join the discussion at the

HeuristicLab group
W ’ ﬁ e

Subscribe |  Visit group

* License
— GNU General Public License (Version 3)

Imprint: Statement of the ownership/authorship of this webpage plus contact inforation can be found here.

Thank you!

* System requirements
— Microsoft .NET Framework 4.5
— enough RAM and CPU power ;-)

R ReSharper Abig thank you JetBrains for supporting us with a free license of ReSharper every year!

Download in other formats:
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Plugin Infrastructure

e HeuristicLab consists of many assemblies
— 160+ plugins in HeuristicLab 3.3.16
— plugins can be loaded or unloaded at runtime
— plugins can be updated via internet
— application plugins provide GUI frontends

e 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

HeuristicLab Tutorial http://dev.heuristiclab.com

HeuristicLab

#3 HeuristicLab Algorithms Benchmarks 331011173

#3 HeuristicLab.Algorthms . Benchmarks Views 331011173

43 HeuristicLab .Algorithms CMAEvalution Strategy 331011173

#3 HeuristicLab Algorithms DataAnalysis 34611173

#3 HeuristicLab . Algorthms . DataAnalysis Views 34611173

43 HeuristicLab . Algorithms Evolution Strategy 331011173

#3 HeuristicLab . Algorithms Genetic Algorithm 331011173

#3 HeuristicLab . Algorithms GradientDescent 33101173

43 HeuristicLab Algorithms Local Search 331011173 -

4 ] 2
) Refresh List @ Update Selected Delete Selected




Plugin Architecture

HeuristicLab

Analysis
Random Selection

Optimization

CodeEditor

Clients.Common Collections ControlExtensions

Common, Resources, External Libraries

PluginInfrastructure

Foundation

Models | Views

HeuristicLab Tutorial http://dev.heuristiclab.com 9



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

BestKnownSolution: [0:40:38:116:111:114:27 I

- -Parameter View

Parameter| "
Collection |l" Double Value View

View

HeuristicLab Tutorial http://dev.heuristiclab.com 11



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

v | ConstrainedValueParameter View
ConstrainedValueParameter Configuration View

ValueParameter View

HeuristicLab Tutorial http://dev.heuristiclab.com 12



Available Algorithms

Population-based

CMA-ES

Evolution Strategy

Genetic Algorithm

Offspring Selection Genetic Algorithm (OSGA)
Island Genetic Algorithm

Island Offspring Selection Genetic Algorithm
Parameter-less Population Pyramid (P3)
SASEGASA

Relevant Alleles Preserving GA (RAPGA)
Age-Layered Population Structure (ALPS)
Genetic Programming

NSGA-II

Scatter Search

Particle Swarm Optimization

Trajectory-based

Local Search

Tabu Search

Robust Taboo Search

Variable Neighborhood Search
Simulated Annealing

HeuristicLab

Data Analysis

Linear Discriminant Analysis
Linear Regression

Multinomial Logit Classification
k-Nearest Neighbor

k-Means

Neighbourhood Component Analysis (NCA)
Artificial Neural Networks
Random Forests

Support Vector Machines
Gaussian Processes

Gradient Boosted Trees
Gradient Boosted Regression
Barnes-Hut t-SNE

Kernel Ridge Regression
Elastic-net Regression

Additional Algorithms

Performance Benchmarks
Hungarian Algorithm
Cross Validation

LM-BFGS



Available Problems

Combinatorial Problems

Test Problems (1-max, NK, HIFF, Deceptive Trap)
Traveling Salesman

Probabilistic Traveling Salesman

Vehicle Routing (MDCVRPTW, PDPTW, ...)
Knapsack

Bin Packing

Graph Coloring

Job Shop Scheduling

Linear Assighment

Quadratic Assignment

Orienteering

HeuristicLab

Genetic Programming Problems

Test Problems (Even Parity, MUX)
Symbolic Classification

Symbolic Regression

Symbolic Time-Series Prognosis
Artificial Ant

Lawn Mower

Robocode

Grammatical Evolution

Additional Problems

Single-/Multi-Objective Test Functions

- Ackley, Griewank, Rastrigin, Sphere, etc.
Programmable Problem

External Evaluation Problem
(generic TCP/IP, Scilab, MATLAB)

Regression, Classification, Clustering
Trading



Agenda

* Objectives of the Tutorial

* Introduction

 Where to get HeuristicLab?

e Plugin Infrastructure

e Graphical User Interface

* Available Algorithms & Problems

HeuristicLab



Demonstration Part |:
External Evaluation Problem HeuristicLab

* Optimize parameters of an existing simulation
model

* Implement necessary steps to talk with
HeuristicLab



Supply Chain Simulation

HeuristicLab

e (s, S) Order Policy
— 3 Echelons and 2 Parameters per Echelon
— Minimize Inventory and Ordering Costs
— Maintain a minimum service level

* Bound on the waiting time due to ,,out of stock”
situations

Retailer Wholesaler

HeuristicLab Tutorial http://dev.heuristiclab.com 17



Supply Chain Simulation

HeuristicLab

* Create a new simulation experiment for
evaluating parameters from HeuristicLab

* Create the problem definition in HeuristicLab

* Optimize



Supply Chain Simulation

HeuristicLab

* Download communication helper library

— https://dev.heuristiclab.com/trac.fcgi/raw-
attachment/wiki/Documentation/Howto/OptimizeAnyLogicModels/HL3Extern
alEvaluation.jar

— Add library as dependency to the model

T Properties &2 | & Console =Y T

Supply Chain - Model
—

General
Remowve

Dependencies

Description

Jar files and class folders required to build the model:

Location Add...

HL3Ext I[Evaluation,
ernalEvaluation.jar

HeuristicLab Tutorial http://dev.heuristiclab.com 19
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Supply Chain Simulation

HeuristicLab

* The modelis included ) e e = )

Experiment

a S a S a m p I e i n A ny Log i C Select an experiment type, specify a name and choose a root (top-level] active object.

Mame:  HeuristicLabOptimization|

o O p e n t h e m Od e | a n d Main active object class (root): |Main -
Experiment Type:
C re a te a n eW ;e;::ati::e Performs multiple model runs varying cne or more parameters,

3 Optimization optionally using replicati_nns. _ _
- t f t €3 Parameters Variation You can later on add arbitrary Ul to this experiment,
experiment of type
o
o [ l( a
,Parameters Variation @
o
| Copy model time settings from: | Simulation w7

Einish l | Cancel

HeuristicLab Tutorial http://dev.heuristiclab.com 20



Supply Chain Simulation

HeuristicLab

e Configure the experiment

1. Create the default user interface
by clicking the button

2. Add one variable for each Liii2s et Q oy

Supply Chain : HeuristicLabOptinfiiza O sRewster

arams Variation Experimen o () SRetailer

() sWholesaler

() SFactory
parameter and add statistics for e
collecting quality relevant Juiscakl

s [Factory]

information over multiple
rep“cations | Properties £3 | = Console

€3 HeuristicLabOptimization - Parameter Variation Experiment

3 S I General Name:  HeuristicLabOptimization Main active object class (root): | Main
. Select to vary parameters e
Medel Time Random num ber generation:
F f b 't b t e @ Random seed (unique simulation runs)
re e O r m ) u S e a n a r I ra ry' u Window Fixed seed (reproducible simulation runs) Seed value: | 1

ustom generator (subclass of Random): | new Random

high number of runs and specify o (e
the variable that is assigned to -

SRetailer

sWholesaler

e a C h p a ra m ete r ;[\N.’?'\DU\ZSSZI:']i SWholesaler

4. Optional: remember the best
identified solution so far

S [Factory]® SFactory

HeuristicLab Tutorial http://dev.heuristiclab.com 21



Supply Chain Simulation

Switch to the
Replications tab

Check the box , Use
replications”

Use a fixed number of
10 replications

HeuristicLab

T Properties 22 | B Console

€3 HeuristicLabOptimization - Parameter Variation Expe

General | Use replications
Advanced @ Fixed numnber of replications
Model Time Replications per iteration: 10
Eeeniaion Varying nurnber of replications (Stop replicz
Window
Replications
Description 10
8056
05



Supply Chain Simulation

HeuristicLab

* How do parameter variation experiments
work in AnyLogic?

* |[n an experiment run there are N iterations
* |[n each iteration R runs execute

e N=,Number of runs” on the General tab
R =, Replications per iteration”



Supply Chain Simulation

HeuristicLab

e Switch to the Advance
tab, here we need to
ente Fsome COde e e et e BT e

Mogel Time Java machine arguments:

[ Properties % | B Console

Presentation
Window

1. Initialize the communication :

Description

Command-line arguments:

Imports section:
. import java.io.*;
import java.text.®;
ecelve parameters from
. import com.heuristiclab.problems.externalevaluation.ExternalEvaluationtiessages.*;
Additional class code:
int repCounter = 8;

H isticLab ‘

SolutionMessage currentSolution = null;

private void gethessage() {

M . currentSolution = commDriver.getSolution();
O ec S a |S |CS a e r ea C ru n if (currentsolution.getIntegerArrayVarscount() > 8y {
] SolutionMessage. IntegerArrayVariable vector = currentSolution.getIntegerArrayVars(e);
sRetailer = vector.getData(®);
SRetailer = sRetailer + vector.getData(1);
suWholesaler = vector.getData(2);

4. Send back the averaged results e

SFactory = sFactory + vector.getData(5);

)
H

: .
and continue with step 2
commDriver = mew com.heuristiclab.problems.externalevaluation.PollService(new ServerSocketlistenerFactory(2112),1);

comnDriver.start();
Before each experiment run:
getMessage();

Before simulation run:



Supply Chain Simulation

* Imports section:

import java.io.*;
import java.text.*;

import com.heuristiclab.problems.externalevaluation.*;
import com.heuristiclab.problems.externalevaluation.ExternalEvaluationMessages.*;

 Additional class code:

com.heuristiclab.problems.externalevaluation.PollService commDriver;

SolutionMessage currentSolution = null;

private void getMessage() {
currentSolution

if (currentSolution.getIntegerArrayVarsCount() > 0) {

= commDriver.getSolution();

SolutionMessage.IntegerArrayVariable vector =
vector.getData(0);
sRetailer + vector.getData(1);

sRetailer =
SRetailer =
sWholesaler
SWholesaler

vector.getData(2);
sWholesaler + vector.getData(3);

sFactory = vector.getData(4);
SFactory = sFactory + vector.getData(5);

HeuristicLab

currentSolution.getIntegerArrayVars(9);



Supply Chain Simulation

HeuristicLab
* |nitial experiment setup:

commDriver = new com.heuripées=edeismproblems.externalevaluation.PollService(new
ServerSocketListenerFactory(2112)§1);

commDriver.start();

* Before each experiment run:

getMessage();

e After simulation run:

meanDailyCosts.add(root.meanDailyCost());
maxWaitingTime.add(root.histWaitingTime.max());



Supply Chain Simulation

HeuristicLab

e After iteration:

double fitness = 0;
Boolean isFeasible = maxWaitingTime.max() < ©.001;

if (isFeasible) {
fitness = meanDailyCosts.mean();
if (meanDailyCosts.mean() < bestMeanDailyCost)
bestMeanDailyCost = meanDailyCosts.mean();
} else {
fitness = 2000 + maxWaitingTime.max();

}

try {
commDriver.sendQuality(currentSolution, fitness);

} catch (IOException e) { /* handle error */ }

meanDailyCosts.reset();
maxWaitingTime.reset();

getMessage();



Supply Chain Simulation

HeuristicLab

* Create a new simulation experiment for
evaluating parameters from HeuristicLab



Supply Chain Simulation

HeuristicLab

*  Cache: optional parameter that caches Supply Chain Parameter Optimi... |
solutions and their corresponding quality

Mame: Supply Chain Parameter Optimization Problem

. , , . .
*  Clients: the simulation model instances that srameters

can evaluate parameters ‘E lﬂl E:}

“I% Best KnownQuality: null

.. . . 1% Cache: null
* EnCOdlng° The enCOdmg that describes a “I% Clients: CheckedtemCollection<IEvaluationSe

solution, e.g. a vector of integer values %4 Encoding: nul

% Evaluator: Single-objective Evaluator
# Maximization: False

“I% MessageBuilder: SolutionMessageBuilder
¥ SolutionCreator: null

5] Support Script: Seript

*  Evaluator: The operator that will extract the
parameters and transmit them to the model

. Maximization: Whether the returned fithess
is to be minimized or maximized

*  SolutionCreator: The operator that will
construct the initial solutions

*  SupportScript: Additional code for analyzing
solution candidates as well as ability to
define a neighborhood function

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



Supply Chain Simulation

HeuristicLab

* Click on the Encoding P@m B E

Ditails
“I% BestKnownQuality: null
p a ra m ete r ”‘f; Cache: null Name: Encoding

“I% Clients: CheckedtemCollection<|EvaluationSe

. oy %3 .
* Click on the pencil icon O et ok

# Mandimization: False Show in Run: [
t h d M “[% MessageBuider: SolutionMessageBuilder
O C O O S e a n e n C O I n g % SolutionCreator: null

5] Support Script: Script

Data Type:  |Encoding

HeuristicLab Tutorial http://dev.heuristiclab.com 30



Supply Chain Simulation

HeuristicLab

Select Value ﬁ

* Select the —
IntegerVectorEncoding Q

#-{} HeursticLab Encodings BinanyVectorEncoding 3.3

fro m th e | ist Of ava i Ia b | e I?...{iwl-‘;un::n:u:lings.Integer‘-.-’ectn:annn:n:nding 33

{} HeursticLab.Encodings . PemmutationEncoding 3.3

ty p e S {} HeursticLab Encodings RealVectorEncoding 3.3
- {3} HeursticLab Optimization 3.3

L]
* Click OK
IC Describes an integer wvector encoding. i

OK ][ Cancel

HeuristicLab Tutorial http://dev.heuristiclab.com 31



Supply Chain Simulation

HeuristicLab
[ J Adjust the pa ramete rS Of r\:je;rr':n;etemlmeger‘-iedur
the Encoding &1 & Da-.
— Change the Length to 6 st tans T Name ogeecr Lol
“I% IntegerVector Operators: ReadOnlyltemSet <10 Data Type:  IntValue
— Change the Bounds to be O Vet
and 200 for all 6 7) [X] stowinrn: @
dimensions Value: 6

* The columns in the n—

bounds specify lowerand == _ .
upper bound for each

“I¥ IntegerViector. Bounds: [[0;200]]

# IntegerVector Length: 6 Mame: IntegerVector. Bounds
d i m e n S i O n re S p e Ct i Ve Iy “I§ IntegerVector Operators: ReadOnlytemSet<I0|  paig Type:  IntMatric

— If you have less rows in the ) s B
bounds than dimensions in S
the vector, the bounds wiill

Column 1 Column 2

be cycled S—



Supply Chain Simulation

HeuristicLab

Name: Supply Chain Parameter Optimization Problem

* Click on the Cache N EEEE
parameter = 4

Details

Name: Cache
et =m Collection </ Evaluation Se
. . . “t¢ Encoding: IntegerVectar ] Z

W Evaluator: Single-objective Evaluator i
* Click on the pencil icon e e
“14 MessageBuilder: Solutio

5] Support Seript: Serpt Select Value ﬁ

to assign a value Yol

Data Type: EwvaluationCache

Available Types

— A dialog will pop up

* |In the dialog select the
EvaluationCache

Cache £ 2l evaluation values &
1 0K || Cancel
ANCE
* Click Ok —t
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Supply Chain Simulation

HeuristicLab
* The cache will store the e [EremorCache
solution message and the e R0
returned quality 31 B
 New solution messages will 4 Capacty. 10000

¢ PersistertCache: False

be compared against those
already inside the cache

* The capacity of the cache
can be adjusted

* PersistentCache determines
if the cache should be
stored when the problem or
algorithm is saved



Supply Chain Simulation

HeuristicLab
* Now set up the client e
machine that runs the C
simulation model o Gt 11
e (Click on the Client B
parameter
* (Click on T Tk
EvaluationServiceClient Sovein
e (Click on the Channel
parameter

* Click the pencil icon to set
a new channel

HeuristicLab Tutorial http://dev.heuristiclab.com 35



Supply Chain Simulation

HeuristicLab

i -
Select Value I&

* SeleCt the Available Types
EvaluationTCPChannel Q

=4} Heursticlab Problems. Extemal Evaluation 3.3

for communicating over O e
a TCP/IP connection
* Click OK

e Evaluation TCPChannel

2 channel that creates a TCP
connection owver a network.

OK ][ Cancel
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Supply Chain Simulation

HeuristicLab
* Enterthe IP address of = oo . -
the machine that the t; T kb et oG
models runs on, use e .
127.0.0.1 if the model ——
runs on the same DIC

machine

* We configured our
model to listen on port
2112 so we enter this
information as Port



Supply Chain Simulation

* The problem is now
configured

* Click the save button to
store the external
problem definition into
a file

HeuristicLab Tutorial

HeuristicLab Optimizer 3.3.10.11515 [Unsaved]

HeuristicLab

File  Edit View  Services Help

i
5'1 T— Ea:rl +5) Fr Optimi... ]

g Name: Supply Chain Parameter Optimization Problem
i Parameters
Save Item @1
@n\;}=| .« trunk » documentation » Tutorials - | "‘Pl | Search Tutorials ol
Organize « Mew folder = - EEI
> % Favorites Name . Date modified

Mo itermns match your search.
* |73 Libraries

> #d) Homegroup
> /M Computer

=Epl_i Metwork

4 1

File name: Supply Chain Parameter Optimization Problem.hl

b

-

Save as type: | HeuristicLab Files (*.hl)

’]

“ Hide Folders

[ [

http://dev.heuristiclab.com
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Supply Chain Simulation

HeuristicLab

* Create the problem definition in HeuristicLab



Supply Chain Simulation

* In AnyLogic click the K T 4

HeuristicLab

g € 100% -~ | @~ |[F

@l { €@ Supply Chain/ Simulation p

arrow next to the green
play button and select

LiL] l-l ! .I .. - Il
€%  Supply Chain / HeuristicLabOptirization
i | L] ] Fi

i |

1

T

O u r n eW | y C re a te d ﬂ:upl::ly Chafnl 5 F[leurisﬁcl.aprﬁmizatiDn - Anylogic University [EDUCATIONAL USE ONLY]
experime nt Supply Chain : HeuristicLabOptimization

Farameter Variation Experime,

e (Click to run the

experiment at which | Remeror
point the model will -
Wait to receive a s[‘v\-‘i;lleesraler]

5 Wholesaler]
s [Factory]

solution message

HeuristicLab Tutorial http://dev.heuristiclab.com
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Supply Chain Simulation

HeuristicLab

Heuristiclab Optimizer 3310.11515 |

File Edit View Services Help

 |n HeuristicLab click on

=]

o N
the ,New ltem” button - [ =
. %__ Mame Version Description i
to O p e n t h e | I St Of ;E:l:::r::k AMgorithm 331011174 An algorithm to execute peforma 3

¥ CMA Evolution Strategy 331011174 An evolution strateqy based onc| |

331011174 An evolution strategy.
331011174 A genetic algorthm.
_ 3367833 The algerithm combines the Gree

% Hungarian Algorithm 331011174 The Hungaran algorthm can be
) S e I e Ct t h e G e n et i C 4 lsland Genetic Algorithm 331011174 Anisland genetic algorithm.
lsland Offspring Selection Genetic Al... 3.3.10.11174  Anisland offspring selection gene
LM-BFGS 231001174 The limited-memary BFGS (Broyd:
Local Seanch 331011300 Alocal search algorithm.

L]
A | go r I t h I I I e n t ry & NSGAAI 331011174 The Nondominated Sorting Gene
4 Offspring Selection Genetic Algorithm ~ 3.3.10.11174  An offspring selection genetic alg
L ]
* Click OK

creatable items

Particle Swarm Optimization 331011174 Aparticle swam optimization alge
RAPGA 331001174 Arelevant alleles preserving gene
Fliobust Taboo Search 331011174 The algorithm is described in Taill
& SASEGASA 331011174  The self-adaptive segregative ge

& Sratter Search 231011404 A aratter srarch alnaithm
L1} 2

L = R S R R R R SR R T ]

-

-

oK ][ Cancel
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Supply Chain Simulation

HeuristicLab

Mame: Genetic Algorithm

* Click on the Open s s s e
button and select the (ot =

o) () | , « trunk » documentation » Tutorials v|"?|| Search Tutorials o
L]
previously saved vt =-a e
 Favorites Mame - Date rr
° °p"° || Supply Chain Parameter Optimization Problem.hl 13.11.2
problem deTtinition 2 b
@ Homegroup
L] L] L]
* Click Open in the dialog | =«
E‘I_i Metwork
File name: Supply Chain Parameter Optimiza + HeuristicLab Files (*.hl}

HeuristicLab Tutorial http://dev.heuristiclab.com 42



Supply Chain Simulation

HeuristicLab

. HeuristicLab Optimizer 3.3.10.11515 [Unsaved] RS
* Click on the Mutator e fot you s o

N5 |
parameter

~ Genetic Algorithm

MName: Genetic Algarthm

Problem | Parameters | Results | Runs |Opemtor Graph | Enginel

* Select the manipulator = Fe= ™

that we have added to e

W Crozsover: RoundedBlend AlphaBetaCrossove Mame: Mutator

the operators list in one I Do T Wi

i@ MutationProbability: 5 % Value

of the previous steps

@ Seed: 0 IUniform Some Positions Manipulator

2agdi|n

i Selector: ProportionalSelector

* Switch to the Results # eSentoriors o
tab and hit the play
button at the bottom
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Supply Chain Simulation

HeuristicLab Optimizer 3.3.10.11515 [Unsaved]

HeuristicLab

File Edit View Services Help
hesd
/" Genetic Algorithm

Name: Genetic Algorithm

paeaqdin TH

| Problem | P
Resuits

.u-_‘}\_

- Details

# EvaluatedSolutions: 7822

¥ Generations: 78 Name:  Qualties
2= Best Saolution: 27

@ CurmentBestQuality: 806.56182350033578 Qualities
@ CumertAverageQuality: 1145.7833358458681

@ CumrentWorstQuality: 2001 9777907171074
@ BestQuality: 306 56182350033578

@ BestKnownQuality: 806 5618235003357 2500+
# Absolute DifferenceBest Known ToBest: 0
¢ RelativeDifferenceBestKnown ToBest: 0 %
= Qualities: Qualtties

| Resutts | Runs | Operstor Graph | Engine |

—— CurrentBestQuality CurrentiverageQuality —— CurrenfworstQuality —— BestQuality BestknownQuality

Execution Time:  00:02:36 9626547
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Agenda

HeuristicLab

e Demonstration Part I: External Evaluation Problem



Demonstration Part lI:
Parameter Optimization Problem  heuwistcta

* Parameter Optimization of Differential
Equation Systems (Scilab)



Electric cart simulation

HeuristicLab

* |dentify unknown parameter values of a
simulation model

e Measure movements of an electric cart with
known power

e Adapt parameters of an simulation model to
match those measurements
I m F ;‘:{l,

[o==0;




Electric cart simulation

HeuristicLab

Identify friction coefficients d,, F. and mass m

* Voltage u, and initial values for position x, velocity v
and amperage i, are known

e Simulate changes according to differential equations

r=x

. HI “H -
V= = 1——@3{{;}: @ 14

ﬁ:m-ﬂ R_,J_ | U4
V— — - Iq + —

S Ly-r La = La &
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Measurements

HeuristicLab Tutorial

Time
1.808
1.809

1.81
1.811
1.812
1.813
1.814
1.815
1.816
1.817
1.818
1.819

1.82

Input ua

i R e [y R R o R o S R [ o [

X

1.38E-06
1.38E-06
1.38E-06
1.37E-06
1.38E-06
1.37E-06
1.35E-06
1.36E-06
1.36E-06
1.37E-06
1.36E-06
1.37E-06
1.38E-06

http://dev.heuristiclab.com

-4.60E-05
-2.63E-05
-2.23E-05
2.10E-05
-4,22E-05
-2.54E-05
4.60E-05
2.63E-05
3.23E-05
-2.10E-05
4.22E-05
2.54E-05
-4,60E-05

HeuristicLab
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Simulation in Scilab

HeuristicLab

- L W
Sensorblock o -
Encoder) I o

+/- 6% Saturation

O ---m-r--O--------0
Posttionsservo
(vollstandiges Modell)

-
5y L @
F -
- ¥
-
) To workspace
i PositionsServoFull [18384]
-

p

ua

() SR —
-, {1y
Function: WS

Pyl = -(p.dlfpamt)*u2 - (p Felp.mti*signiu2) + ((pkm*p.n)iprip.mt)itul; -.;

Ll i Fom!

\ e 3)

W] o

P s

ia| Fom)

Pels)
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Parameter Optimization

HeuristicLab

* Create a new Scilab parameter optimization
problem in HeuristicLab

* Configure the problem with your scripts in
HeuristicLab

* Optimize



Parameter Optimization

] Scilab Parameter Optimization Problem

&% Single Objective Test Function

&% Symbolic Classification Problem {mutti objective)
2 Symbolic Classfication Problem (single objective)
4 Symbolic Regression Problem (multi objective)

331011174
331011453
34611332
34611332
34611332

2 Symbolic Regression Problem (single objective) 34611332
&4 Symbolic Time-Seres Prognosis Problem (single objective) 34611174
i Symbolic Trading Problem (single objective) 34211283
&% Time-seres Prognosis Problem 34611422
#8 Traveling Salesman Problem 331011174
5% | lear-MNefinad Prohlam 1121011418
1| m

Optimization of a parameter veq
Test function with real valued i
Represerts a multi objective sy

Represents a single objective s—

Represerts a multi objective sy
Represents a single objective s
Represents a single objective s
Represents a single objective =
A general time-series prognosis
Represerts a symmetric Travel
& mrhlem whirh can he Aefine

Mew tern

Mame Version Description a
& ANAPSACK FroDiem 331U 11174 HEpresents a rNapSack prooie
2 Lawn Mower Problem 331011504 The lawn mower demo probler
24 Linear Assignment Problem 331011174 Inthe linear assignment probler
28 MATLAB Parameter Optimization Problem 331011174 Optimization of a parameter ver
&% OneMax Problem 331011174 Fepresents a OneMax Problem
%] Programmable Problem (multi-objective) 33511550 Represents a multi-objective pr
@ Programmable Problem (single-ohjective) 33511550 Fepresents a single-objective ¢
B9 Quadratic Assignment Problem 331011300 The Quadratic Assignment Prol
&% Fearession Problem 314511422 A general regression problem.

-

HeuristicLab Tutorial
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Parameter Optimization

* Specify path
to Scilab scripts

* |nitialization script
* Evaluation script

HeuristicLab Tutorial

HeuristicLab

HeuristicLab Optirmizer 3.3.10.11548 [Unsaved]
File  Edit View  Services Help

N E d
Start Page/]/Electric cart simulation (Scilab)

[ame; Hectric catt simulation (Scilab)|

Farameters

(&) [&4) (] ) =2

“[% Best KnownQuality: null

“I% Bounds: [[0;100]]
% Evaluator: ScilabParameterVectorEvaluator
¢ Maximization: False

“I% ParameterMames: [Parameterl]

¢ ProblemSize: 1

pieaqdi

R 1 T |I'l"_|"
“I4 ScilabEvaluationScript: ¥ \Reps\HL core'trunl
“I# Scilablnitislization Script |l “Feps HL caoretrur

eator. UnfomBandomRealVectorCr
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Initialization Script

HeuristicLab

 Sets constants and time intervals

e Loads the simulation model

e Reads the measured values from a csv file

HeuristicLab Tutorial

cd "C:Z\BReps'\HL core\trunk‘documentation’\TutorialshScilak Files™

T = 0.01;
Ts = 5;

ff parameters of the dec—motor and the gear

p-Ba = 1.&83; 4 terminal resistance

p.La = 270e—-&; F¢ terminal inductance

p.km = 37_T7e-3; /4 tourgue constant

p.n = 1; /4 gear transmission ratio

p.-r = Ge—-3; 4 radian of the pinion

p.Ja = 4le-7; S/ moment of inertia (power train)

[result]=importXcosDiagram('SimulatePositionsServolReduced NoScope.zcos')

ocriginal = servo.values(:z, 2); FSF/Z._..x, 3...v, 4._.x encoder, 5...v_encoder
data = csvBead('PositionsServoReduced ecsw', ', ", "' ", "doukle”  [1,[]1,0]1,1);
ocriginal = data(:,3);
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Evaluation Script

HeuristicLab

* Configures and runs the simulation with

values from HeuristicLab

* Calculates quality as sum of absolute errors
between simulated and measured values

// parameters of the cart

p.m = m; JSS mass of the cart
p.dl = d1; f4 wiscous friction coefficient
p.Fo = FC; £f Coulomk friction force

f 4 equivalent parameters for the model
p.mr = p.Ja*(p.n/p.x)"Z;

p.mt = p.m + p.mr;

p.del = (p.n/p.r*p.km) ~Z/p_Ba;
p.dt = p.dl + p.del;

p-bketa = p.n*p_km/p.r/p.Ra;

Sf equiwvalent mass to moment
4 eguivalent mass (total)

£/ linear damping from motor
ff linear damping coefficient
£ input transformation

Hoos_simalate(scs m, 405

values = servo.values(:,2); SSZ2_ .. x, 3...wv, 4.._
gquality = sumiabks(values - origimnal));

dispigquality):

.x_encoder, 5..

of inertia

.v_encoder



Parameter Optimization

HeuristicLab

* Configure problem size
* Configure parameter names
 Parameter names are created as variables in

SCi I a b Farameters
A A =
B
Details
% Best KnownCuali: i
o Ad a pt b O u n d S 4% Bounds: [[0:5] MName: FarameterMames
% Evaluator: ScilabFarameteryvectorEvaluator Data Type:  StringAmay
g [————rEy i
@ ProblemSize: 3 Show in Run:
W QualtyarableName: quality
“I¥ ScilabEvaluationScript: C:%\Reps\HL coretrunl Length: 3
“I% ScilabInitialization Script: C:\Reps'HL coreMrur b ﬂ
i SolutionCreator: UniformRandom RealVectorCre 4
FC

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



Parameter Optimization

* Create CMA-ES

* Drop problem
on algorithm

HeuristicLab Tutorial

HeuristicLab

HeuristicLab Optirmizer 3.3.10.11548 [Unsaved]

Eile

)

=]
L’

Edit  View Services Help

=

Start Page I/Electric cart simulation (Scilab) /]/CMA Evolution Strategy ]

paeogdis

MName: CMA Evolution Strategy

ng‘n:ubIem"

Name: Hectric cart simulation (Scilab)

| Algarthm I Resutts | Runs IOpemtor Graph | Engine|

=N

Parameters

& (]

“t% BestKnownQuality: null
“1% Bounds: [[0:5]]
W Evaluator: ScilabParameter\VectorEvaluator
¥ Maximization: False
“1% ParameterMames: [m:d1:FC]
# ProblemSize: 3
& QualityVarableMName: quality
“t% ScilabEvaluationScript: C:\Reps HL core’trun
“1% ScilabInitialization Script: C:\Reps HL coretrr
9 SolutionCreator: UnformRandomRealVectorCn

4 UL 2

E]JJ_J

Execution Time:  00:00:00

http://dev.heuristiclab.com
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Parameter Optimization

HeuristicLab

* Configure algorithm e oo e[ Topmir e [

Parameters

— Initial Sigma 1.0 _ _
. . Vﬁnal'_.'z?r: Huhiﬁnah@r .
— Maximum Generations 50 ¥ ChiAtsizer: O Asizer

WwCMARecombinator: CMA Log-weighted Recon

WCMAUpdater: CMALpdater

 Enable CMAAnalzer # istecims.0

¥ viiiSge: (1]
¥ MaximumEvaluatedSolutions: 2147433647
@
i Maximum Standard DeviationChange: NaN
¥ MinimumGualityChange: NaN
¥ MinimumCualityHistoryChange: NaM
i Minimum Standard Deviation: NaM
“0% Mu: null
¥ PopulationSize: 20
¥ Seed: 0
i SetSeedRandomly: True
i TargetQuality: MaM
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Parameter Optimization

 Optimal values(m=1.5,d1 =1, FC =0.5)

m

HeuristicLab Tutorial

MName: CMA Evolution Strateqgy

Results

Sl

# EvaluatedSolutions: 400

¥ Generations: 20
Qt Best Solution: [1.45554442530182:0. 77965126530
@ CumentBestQuality: 0.0853567149659784

@ CumentAverageQuality: 0.2653072705958181

@ CumentWaorstQuality: 0.62874018012623645

# BestQuality: 0.05156011200101068

# BestKnownQualty: 0.05156011200101068

| »

# AbsoluteDifferenceBestKnown ToBest: 0
# RelativeDifferenceBestKnown ToBest: 0 %
L4 Qualities: Qualities
14| Progress: Progress

P I O TR R

1| ] ! 3

Details

Length: 3 2 @
1.49594442930182
0.779651265305659
0.585020712075326

) (] (=] (a]

Execution Time:  00:01:37.0441388

http://dev.heuristiclab.com
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Parameter Optimization

HeuristicLab
Qualities Object Variables
—— CurrentBestQuality — BestQuality — Axis() Auis1  —— fuas?
Currentiveragelduality BestkKnownQuality
—— CurrentWorstQuality
30 ¢
pLY
204 V|,
! II
16¢ ||-I |
10} ', -
T ——
D : i M - | . | | | | .
0 10 20 30 40 10 20 30 40 50

HeuristicLab Tutorial
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Agenda

HeuristicLab

 Demonstration Part ll: MATLAB and Scilab Parameter Optimization Problem



Demonstration Part Ill:
Programmable Problem

* Singleobjective Function Optimization
— Solving the Styblinski-Tang function

* Multiobjective Function Optimization

— Solving the Fonseca and Fleming function

* Non-linear Curve Fitting

— Fitting a 2 dimensional Gaussian distribution to noisy data

HeuristicLab



Singleobjective Function Opt.

HeuristicLab

HeuristicLab Optimizer 3.3.10.11515
f Edit  View Services Help

=

New Item Iéj ]

 Click on,New Iltem“to
get a list of creatables

MName Version Description

## OneMax Problem 331011174  Represents 3 OneMax Problem

preogdis

% Programmable Problem (multi-objective) 33511550 Represents a multi-objective pr
4 Posrmaie e Grgedbece) 33511550 Raprsens srgeavecive S| SN
. Quadratic Assignment Problem 331011300 The Quadratic Assignment Prol
C re a t e a n e W Regression Problem 34611422 A generzl regression problem.
Scilab Parameter Cptimization Problem 331011174 Optimization of a parameter ver ) and loa
Single Objective Test Function 331011453 Test function with real valued i
Symbolic Classification Problem {multi objective) 34611332  Represents a multi objective sy
P ro ra m m a b | e P ro b | e m Symbalic Classffication Problem (single objective) 34611332  Represents a single objective ¢
Symbolic Regression Problem {mutti objective) 34611332  Represents a multi objective sy
Symbalic Regression Problem (single objective) 34611332  Represents a single objective ¢
° ° ° Symbolic Time-Series Prognosis Problem (single objective) 34611174  Represents a single objective = e algorithr]
( S I n g I e - O bJ e Ct I Ve ) b y Symbolic Trading Problem (single objsctive) 34211283  Represents a single objective s Binm) to s
Time-series Prognosis Problem 34611422 A general time-series prognosis
Traveling Salesman Problem 331011174 Represents a symmetric Travel L
- - - User-Defined Problem 33.10.1141% A problem which can be define| ~
i Vehicle Routing Problem 34311428  Represents a Vehicle Routing
double clicking it
58]C# Script 331011514 An empty CH script. -
] T r

& visitthe HeunsticLab facebook site at =hfip /fwww.facebook comfheuristiclab=
= write an e-mail to =mailto: support@heuristiclab.com= to contact the HeuristicLab development team

May the global optimum be with you! Have fun!
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Singleobjective Function Opt. HL

HeuristicLab

- Heuristiclab Optimizer 33.10.11515 [Unsaved] - R e —— E=3fal <

File Edit View Services Help

NESW

Start Page ) Programmable Problem (single... | -
Hame: @ B

| preoqdip H

rogrammable Problem fing ive)
Not compiled
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Singleobjective Function Opt.

HeuristicLab
e Styblinski-Tang function:
nox* —16x? + 5x;
f(x) — 1=1"1 2 l l

with —5 le- <5
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Singleobjective Function Opt.

HeuristicLab

* Choose an appropriate solution encoding
— 20-dimensional real-valued vector
— Minimize the fitness value

public bool Maximization { get { return false; } }

public override void Initialize() {
// Define the solution encoding which can also consist of multiple vectors, examples below
// Encoding = new BinaryEncoding("b", length: 5);
// Encoding = new IntegerEncoding("i", lenght: 5, min: 2, max: 14, step: 4);
Encoding = new RealEncoding("vector", length: 20, min: -5.0, max: 5.0);
// Encoding = new PermutationEncoding("P", length: 5, type: PermutationTypes.Absolute);
// Encoding = new MultiEncoding()
// .AddBinaryVector("b", length: 5)
// .AddIntegerVector("i", length: 5, min: 2, max: 14, step: 4)
// .AddRealVector("r", length: 5, min: -1.0, max: 1.0)
// .AddPermutation("P", length: 5, type: PermutationTypes.Absolute)
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Singleobjective Function Opt.

HeuristicLab

e Define the fitness function

public double Evaluate(Individual individual, IRandom random) {
var vector = individual.RealVector("vector");
return vector.Sum(x => x * x * x * x - 16.0 * x * x + 5 * x) / 2.0;

}



Singleobjective Function Opt.

HeuristicLab

* Compile the problem defintion

Mame: Programmable Problem (single-objective)

Code changed, compilation necessary!

using- System;

using System.Ling;

using System.Collections.Generic;

using Heuristiclab.Common;

using Heuristiclab.Core;

using Heuristiclab.Data;

using Heuristiclab.Encodings.BinaryVectorEncoding;
using Heuristiclab.Encodings.IntegerVectorEncoding;
using Heuristiclab.Encodings.PermutationEncoding;
using Heuristiclab.Encodings.RealVectorEncoding;
using Heuristiclab.Optimization;

using Heuristiclab.Problems.Programmable;

Ld a3 b

WOoga s oW s

=

F
Ld g e

namespace Heuristiclab.Problems.Programmable {
public class CompiledSingleObjectiveProblemDefinition : CompiledProblemDefinition,
public bool Maximization { get { return false; } }

I
S RN R
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Singleobjective Function Opt.

* Create a suitable
optimization algorithm

e Select CMA Evolution
Strategy

* Click OK

HeuristicLab Tutorial

HeuristicLab

Mame

Algorithms

% Benchmark Algorithm
I 4CMA Evolution Strategy
% Evolution Strategy
4 Genetic Algorithm
¥ GRASP+PR
¢ Hungarian Algorithm
lsland Genetic Algorithm
leland Cffspring Selection Genetic Algorithm
LM-BFGS
Local Search
NSGAA
4 Offspring Selection Genetic Algorithm
Particle Swarm Optimization
RAPGA
Robust Taboo Search
SASEGASA
Scatter Search
Simulated Annealing
1

Version Description

331011174  An algorithm to execute perfomn| =
3.3.10.11174  An evolution strateqy based o
331011174  An evolution strategy.
331011174 A genetic algorithm.

3367833 The algorithm combines the Gn
331011174 The Hungaran algorthm can b
331011174  Anisland genetic algorithm .
331011174  Anisland offspring selection ge
331011174 The limted-memory BFGS (Broy
331011300  Alocal search algorthm.
331011174 The Nondominated Sorting Gel
331011174 An offspring selection genetic &
331011174 A particle swam optimization al
331011174  Arelevart alleles preserving ge
331011174 The algorthm is descrbed in T
331011174 The sef-adaptive segregative ¢
331011404 A scatter search algorithm.
331011300 A simulated annealing algorithn -

http://dev.heuristiclab.com
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Singleobjective Function Opt. HL

HeuristicLab

-
HL HeuristicLab Optimizer 3.3.11.12012 [Unsaved] = [ [E] g

File  Edit View Services Help

HEd
r—— Programmable Problem (single... ] v X CMA Evolution Strategy ] - X
[}
13. MName: Programmable Problem {single-objective) i E CMA Evolution Strateqy (i ‘-?:jl
(=]
=3 Compilation succeeded = Algarithm I Fesults I Runs I Operator Graph I Engirle|
[=| 1@ wusing Heuristiclab.Encodings.R « Varables
= . s P :
11 using HeuristiclLab.Optimizatio A A Y
}:? 12 using HeuristiclLab.Problems.Pr 2t (2] (X (. (
| r——— Drag'n‘Drop
B 14 Enamespace Heuristiclab.Problem ame | ¥aue | ype
—| 15 H - public class Compiledsingleq
16 public bool Maximization {
17
18 H public override vpbid Initi
19 //-Use-vars.yourVariable
28 // -Define -the-solution-e
21 //Encoding - =-new BinaryV
22 //Encoding - =-new  Integer
23 Encoding = new RealVecto
24 //Encoding =-new Permuta
25 //-The-encoding - can-alsa
26 //Encoding =" new MultiEn
27 /[ .Add({new-BinaryVectorE
28 //.Add({new-IntegerVector
29 // .Add(new- RealVectorEnc
30 //.Add(new PermutationEn ~
4 1 3
Output | Error List
Compiling ... Compilation succee =
J i LG b (] (=] (@) Execution Time:  00:00:00
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Singleobjective Function Opt.

HeuristicLab
. Mame: CMA Evolution Strategy
¢ SWItC h to t h e Problem | Paremeters |Hesuhs | Runs | Operator Graph | Enginel
Parameters
Parameters tab - B [ (% B
K, | e

* Click on the Analyzer

w CMARecombinator: CMA Log-weighted Recon

% CMAUpdater: CMAUpdater Value
p a ra m ete r W Initialtterstions: 0 .| Show in Run:
“t¢ Initial Sigma: [0.5]
# MaxdmumEvaluated Solutions: 2147483647 Name: MultiAnalyzer

o Maxi Generations: 1000 Breakpoint: [C]
e Check CMAAnalyzer to oo | e L
¥ MinimumQualityChange: n. def. SIEMEES
° W Mini QualityHistoryCh n. def. ttems (Checked: 4/4)

get more detailed it NG

u: nu

W PopulationSize: 20

resu ItS ¥ Seed: 1412804852
W SetSeedRandomly: True
W TargetQuality: n. def.

Data Type:  Multifnalyzer

] =% BestScopeSolutionAnabyzer

W Single-objective Analyzer

2 i Flcst AverageWorst QualityAnalyz
a CMAAnalyzer
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Singleobjective Function Opt.

HeuristicLab
o Parameters
* Choose suitable ; %
Details
W Anahyzer: MultiAnahzer
p a ra m ete rS W CMAInitializer: CMAInitializer Name: Population Size
W CMAMutator: CMAMutator Data Type:  IntValue
o, . . . wCMARecombinator: CMA Log-weighted Recon

- I n It | a IS I g m a . 2 WCMAUpdater: CMAUpdater Value

delsiialissiianan & | | A | Showin Run:
— MaximumGenerations: 200  Limesee2 ) e =

¥ MaximumGenerations: 20

T o e L anehange: n. def.
& MinimumQualityChange: n. def.

¥ MinimumGualityHistoryChange: n. def.

¥ MinimumStandard Deviation: n. def.

[=I=Te Frod
¥ SetSeedRandomly: True
& TargetGuality: n. def.

— PopulationSize: 50
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Singleobjective

L. HeuristicLab Optimizer 3.3.10.11515 [Unsaved]

ru - —

Function Opt. HL,

HeuristicLab

File Edit View Services Help
e d
"= | CMA Evolution Strategy | - x
a
S| Name:  CMA Evolution Strategy ® 3
g

Resutts

() &1 89 (%) &

@ EvaluatedSolutions: 10000
@ Generations: 200
5%2Best Solution: 21

@ CurentBestQualty: -783.32331407430479

@ CumentWorstQualty: -783.323314071316
@ BestQualty: -783.32331407430479

@ BestKnownQualty: -783.32331407430479
@ Absolute DifferenceBestKnownToBest: 0
@ RelativeDiferenceBestKnownToBest: 0 %
lQualties: Qualities

(4] Progress: Progress

1] Scaling: Scaling

2 Object Variables: Object Variables

14| Standard Deviations: Standard Deviations

@ CurrentAverageQualty: -783.32331407284244

Details
Name:  Object Variables [OX--X0)
=
Object Variables
— Axis) — Axis2 Auisé Axish — Axis8 —— Axis9 Auis10 — Axis11 Axis12 — Axis13 — Axisl4 — Axis15 —— Axis16 — Axis17 —— Axis18
- Pxis1 = Axis3 —— Axis5 —— Axis7
.

Execution Time: 00:00:05.9291856

HeuristicLab Tutorial
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Multiobjective Function Opt.

HeuristicLab

* Fonseca and Fleming function:

( n 1.,

- 2i=1(Xi — =)

_1_ N
Minimize = {71 . -
kfz (x) — 1 . e_ i=1(xl + \/_ﬁ)

with 4 < x <4




Multiobjective Fun

 Click on,New Iltem“to
get a list of creatables

* Create a new
Programmable Problem
(multi-objective) by
double clicking it

HeuristicLab Tutorial

ction Opt

[
HeuristicLab
HeuristicLab Optimizer 3.3.10.11515
f Edit  View Services Help
=
- New Item Iéj
5 MName Version Description o
= OneMzx Problem 331011174  Represents 3 OneMax Problem
% Programmable Problem {multi-objective) 33511550 Represents a multi-objective pr
Programmable Problem (single-objective) 3.3.9.11550 Represents a single-objective | algorithm
Quadratic Assignment Problem 331011300 The Quadratic Assignment Prol
Regression Problem 34611422 A generzl regression problem.
Scilab Parameter Cptimization Problem 331011174 Optimization of a parameter ver ) and loa
Single Objective Test Function 331011453 Test function with real valued i
Symbolic Classification Problem {multi objective) 34611332  Represents a multi objective sy
Symbalic Classffication Problem (single objective) 34611332  Represents a single objective ¢
Symbolic Regression Problem {mutti objective) 34611332  Represents a multi objective sy
Symbalic Regression Problem (single objective) 34611332  Represents a single objective ¢
Symbolic Time-Series Prognosis Problem (single objective) 34611174  Represents a single objective = e algorithr]
Symbolic Trading Problem (single objective) 34211283 Represents a single objective s
Time-series Prognosis Problem 34611422 A general time-series prognosis - IMiDE
Traveling Salesman Problem 331011174 Represents a symmetric Travel L
User-Defined Problem 33.10.1141% A problem which can be define| ~
i Vehicle Routing Problem 34311428  Represents a Vehicle Routing
Scripts
58]C# Script 331011514 An empty CH script. -
] T r

& visitthe HeunsticLab facebook site at =hfip /fwww.facebook comfheuristiclab=
= write an e-mail to =mailto: support@heuristiclab.com= to contact the HeuristicLab development team

May the global optimum be with you! Have fun!

http://dev.heuristiclab.com
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Multiobjective Function Opt.

HeuristicLab

* Choose an appropriate solution encoding
— 10-dimensional real-valued vector
— Minimize all fitness values

public bool[] Maximization { get { return new [] { false, false }; } }

public override void Initialize() {
// Define the solution encoding which can also consist of multiple vectors, examples below
// Encoding = new BinaryEncoding("b", length: 5);
// Encoding = new IntegerEncoding("i", lenght: 5, min: 2, max: 14, step: 4);
Encoding = new RealEncoding("vector"”, length: 10, min: -4.0, max: 4.9);
// Encoding = new PermutationEncoding("P", length: 5, type: PermutationTypes.Absolute);
// Encoding = new MultiEncoding()
// .AddBinaryVector("b", length: 5)
// .AddIntegerVector("i", length: 5, min: 2, max: 14, step: 4)
// .AddRealVector("r", length: 5, min: -1.0, max: 1.0)
// .AddPermutation("P", length: 5, type: PermutationTypes.Absolute)
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Multiobjective Function Opt.

HeuristicLab

e Define the fitness functions

public double[] Evaluate(Individual individual, IRandom random) {
var qualities = new double[2];
var vector = individual.RealVector("vector");
var n = vector.Length;
qualities[@] = 1.0 - Math.Exp(- vector.Sum(x => Math.Pow(x - 1.0/Math.Sqrt(n), 2)));
qualities[1] = 1.0 - Math.Exp(- vector.Sum(x => Math.Pow(x + 1.0/Math.Sqrt(n), 2)));
return qualities;
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Multiobjective Function Opt.

* Compile the problem defintion

E)s

Ld a3 b

[V I B (O T W I )

e T = I
(RTINS ]

=}
S RN R

Programmable Problem (multi-objective)

Code changed, compilation necessary!

using
using
using
using
using
using
using
using
using
using
using
using

System;

System.Ling;

System.Collections.Generic;
HeuristicLab.Common;

HeuristiclLab.Core;

HeuristiclLab.Data;
Heuristiclab.Encodings.BinaryVectorEncoding;
Heuristiclab.Encodings.IntegerVectorEncoding;
Heuristiclab.Encodings.PermutationEncoding;
Heuristiclab.Encodings.RealVectorEncoding;
Heuristiclab.Optimization;
Heuristiclab.Problems.Programmable;

namespace Heuristiclab.Problems.Programmable {
public class CompiledMultiObjectiveProblemDefinition : CompiledProblemDefinition,
public bool[] Maximization { get { return new[] { false, false }; } }
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Multiobjective Function Opt.

HeuristicLab
. New Item @
* Create a suitable
MName Version Diescription i
Algorithms
. ° ° . 4 Benchmark Algorithm 331011174 An algorthm to execute perfom| =
O pt I m I Za t I O n a | go r I t h m 4 CMA Evolution Strategy 331011174 An evolution strategy based on
4 Evolution Strategy 331011174 An evolution strategy. s
4 Genetic Algorithm 331011174 A genetic algorthm.
+# GRASP+FR 3367833 The algorithm combines the Gn
[ ) S e | e Ct N S G A_ I I 4 Hungarian Algerithm 3.3.10.11174 The Hungarian algerithm can b
4 lgland Genetic Algorithm 331011174  Anisland genetic algorithm.
4 lgland Offspring Selection Genetic Algorithm 331011174  Anisland offspring selection ge
& LM-BFGS 331011174 The limited-memory BFGS (Broy
° 4 Local Search 331011300 Alocal search algorithm.
® C | I C k O K F4NSGA 331011174  The Nondominated Sorting
4 (ffspring Selection Genetic Algorithm 331011174 An offspring selection genetic &
4 Particle Swarmm Optimization 331011174 A particle swam optimization al
¥ RAPGA 331011174 Arelevant alleles preserving ge
4 Robust Taboo Search 331011174  The algorthm is described in T:
4 SASEGASA 331011174  The seff-adaptive segregative ¢
4 Scatter Search 331011404 A scatter search algorithm.
4 Simulated Annealing 331011300 A simulated annealing algorithm -
4| [ +
oK) [ Goree ]
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Multiobjective Function Opt.

HL HeuristicLab Optimizer 3.3.11.12012 [Unsaved]

HL

HeuristicLab

File  Edit  View

‘hsd

Services Help

Programmable Problem (multi-... 1

Variables

(1) & (x]

E
]
2| Name: P Problem {muli-obi
o
1
a . Compilation succeeded
T 1  using System; -
'E) 2 using System.Ling; M
z 3 using System.Collections.Generic;
F 4 using HeuristiclLab.Common;
3 5 using Heuristiclab.Core;
e & using Heuristiclab.Data;
7  using Heuristiclab.Encodings.BinaryvectorEncoding;
&  using Heuristiclab.Encodings.IntegervectorEncoding;
2 using Heuristiclab.Encodings.PermutationEncoding;
1@  using Heuristiclab.Encodings.RealVectorEncoding;
11 using Heuristiclab.Optimization;
12 using Heuristiclab.Problems.Programmable;
13 o
14 Hnamespace Heuristiclab.Problems.Programmable { r
15 public class CompiledMultiobjectiveProblemDefinition : CompiledProble)
16 public bool[] Maximization { get { return new[] { false, false }; }
17
138 public override void Initialize() {
19 /{-Use vars.yourVariable to-access-variables-in-the variable stor|
20 /{ Define-the - solution-encoding which can also-consist of multipl
21 //Encoding-=-new-BinaryVectorEncoding("b", - length: -5);
22 //Encoding - =-new-IntegerVectorEncoding("i", - length: -5, ‘min: -2, ‘ma|
23 Encoding = new RealVectorEnceding("vector”, length: 18, min: -4.8
24 //Encoding = new PermutationEncoding("p”, length: 5, type: Permut
25 //-The-encoding can-also-be-a-combination Lg
26 //Encoding-=-new-MultiEncoding()
27 /{.Add(new BinaryVectorEncoding("b", length:-5))
28 //.Add(new IntegerVectorEncoding("i", length: 5, min: 2, max: 14,
29 //.Add(new-RealVectorEncoding("r", - length: -5, ‘min: - -1.8, ‘max: 1.8
30 /{.Add(new PermutationEncoding("p"”, -length: -5, type: PermutationT
31 H
32 //-Add-additional-initialization code e.g. private variables that
33 -}
34
35 public double[] Evaluate(Individual individual, IRandom random) {
2c P , P PO Aiabdas e ebim emmiokla —ean
< m | ¥
Output | Error List
Compiling ... Compilation succeeded -

Mame Value Type

/7 NSGA-T

- X

NSGA-I

gorithm | H&iu)tsl Runs |Opemtuerph I Engmel

O 5

Drag’n‘Drop

] [u] (=] @)

Execution Time:  00:00:00
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Multiobjective Function Opt.

HeuristicLab

Parameters

* Adjust the parameters

W Crossover: SimulatedBinaryCrossover
o S et C ro S S Ove r ® S BX ik e Rk Data Type:  IManipulator (PolymomialOne Position
. ¥ MadmumGenerations: 1000

Value

W Mutator: PolynomialOnePositionManipulator [ PalynomizlOne PositionManipulator

MName: Mutator

e Set Mutator: Polynomial

Lo MName: PalynomialCnePositionManipulator
¥ Seed: 0

# SelectedParents: 200 Breakpoint: [

W Selector: Crowded Toumament Selector Parameters

¢ SetSeedRandomly: True D

W BoundsChecker: BoundsChecher
¥ Contiguity: 2
@ MaximumManipulation: 1
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Multiobjective Function Opt.

HeuristicLab

Hil Heuristicl ab Optimizer 3.3,10.11515 [Unsaved] e e—— (=0l <"

File Edit View Services Help

DEd
=| o NseAT Ml
[=]
E| MName: [TEEED @ =
£
2| [ Problem | Peremeters | Resuts [Runs_| Operator Graph | Enge |

Resuts

@ EvaluatedSolutions: 30100

@ Generations: 300
4 Pareto Front: [[0.0173820040395177.0.97633
42 Pareto Archive: hemAmay<IScopes

le =7

Fonseca

1.2

-]

‘..... oo,

0.8 .\

02509412781 .. | 08932944613,
Solution 26 | 0.5170288345... | 0.7375620777.
Solution 27 08414890137 . | 03445733745,

4 n r

Execution Time:  00:00:38.2468243
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Non-linear Curve Fitting

HeuristicLab

* In this example: Fitting

a 2 dimensional

Gaussian distribution to Vo ginal Distribution

noisy data oo
« We will create a random -

dataset as instance
 We will then fit the e R L

parameters



Non-linear Curve Fitting

HeuristicLab

* The probability density function for a k
dimensional Gaussian distribution is given

. 1 1, . .
fxlxy, ..., I,:;} = {QTT}'!‘:|E| exXp (—5(;{ _ H}Tz—l(x— ,u,})

* For 2 dimensional Gaussian distribution we
need to fit a total of 5 parameters

— 1 (2 dimensions)
— 2 (3 dimensions due to symmetry)

Source: http://en.wikipedia.org/wiki/Multivariate_normal_distribution



Non-linear Curve Fitting

HeuristicLab

HeuristicLab Optimizer 3.3.11.12012 [Unsaved]

* To generate the dataset,
first create a new CH ST T — .
Script

MName: Seript

\Ll Mot compiled

"-to-access-variables in-the script's variable store
tring]’ to access variables via runtime strings (e. L_J a1] 3]
-Contains(string)’ variable exists 52 f
vars.Clear( to-remove-all-var
//-use-'foreach (KeyValuePair<string, ‘o v-in-vars)-{-.. ' Name Value Type
/ to work with IEnumerable<T> extension methods o

+ Variables

gy~

‘variables

using System;
using System.Ling;

 Then enter the code
that generates the data e
on the next slide

D MO W B W lEl

//using Heu
ffusing Heu

ticlab.Collections;
ticLab.Data;

public class MyScript : Heuristiclab.Scripting.CSharpscriptBase {
public override d Main() {
/{ - type your-code here

[/ -implement  further classes- and methods

Qutput | Emor List
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public class MyScript : HeuristiclLab.Scripting.CSharpScriptBase {
public override void Main() {
var cov = new double[,] { { 1, 0.5}, { 0.5, 2 } };
var invCov = GetInverse(cov);
var mu = new double[] { 3, 4 };

var rand = new MersenneTwister();
var nd = new NormalDistributedRandom(rand, 0, 0.01);

var sampleSize = 500;
var data = new DoubleMatrix(sampleSize, 3);
for (var i = 0; i < sampleSize; i++) {

data[i, @] = rand.NextDouble() * 10;
data[i, 1] = rand.NextDouble() * 10;
data[i, 2] = TwoDGauss(data[i, @], data[i, 1], mu, cov, invCov) + nd.NextDouble();

vars.data = data;

}

private double TwoDGauss(double x, double y, double[] mu, double[,] cov, double[,] invCov) {
var a = x - mu[0];
var b =y - mu[1];
return 1.0 / (2.0 * Math.PI * Math.Sqrt(GetDeterminant(cov)))
) * Math.Exp(-0.5 * ((a * invCov[@, @] + b * invCov[1, @]) * a + (a * invCov[@, 1] + b * invCov[1, 1]) * b));

private double[,] GetInverse(double[,] m) {

var det = GetDeterminant(m);

return new double[,] { { m[1, 1] / det, -m[@, 1] / det }, { -m[1, @] / det, m[@, @] / det } };
}

private double GetDeterminant(double[,] m) {
return m[@, @] * m[1, 1] - m[e, 1] * m[1, @];

HeuristicLab Tutorial http://dev.heuristiclab.com 86
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* Run the script by
clicking the run button
or by hitting F5

Y Th d t 1 ” b 19 | - -public-override -void -Main(]
e a a WI e 28 var-cov-=-new double[,]
21 var-invCov = GetInverse(

generated as a matrix 2| e e dowlel] {2

24 var rand = new MersenneTy

and appear in the [ e

var sampleSize = 588;

[t

Name: Script i) E

@ lzl Script execution successful

+  \arables

HETIE

M 28 3 data = w-DoubleMat
VariableStore 28 L yardata: o new Doublataty
Fl [ 3

Output | Error List
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Non-linear Curve Fitting
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HeuristicLab Optimizer 3.3.11.12012 [Unsaved]

* Create a new single-
objective S )
prog ra m ma bIe prOblem Nome:  Programmable Problem (sngle-objective) .

Mot compiled
P +  Varables
namespace Heuristiclab.Problems.Programmable { .
public class CompiledSingleobjectiveProblemDefinition : Compils M N
public-bool Maximization { get { return false; } }

Name Value Type

public-override void Initialize() {
/{-Use-vars.yourVariable to-acces
/{ Define the-selution encoding w
//Encoding = new BinaryVectorEncodi
/{Encoding = new IntegerVectorEncoding length: -5, min
//Encoding = new Re ctorEncoding("r",
//{Encoding = new PermutationEncoding("p",
/# The -encoding can-also-be-a combination
//Encoding - =-new MultiEncoding()
/¥ .Add(new-BinaryVectorEncoding("b", - length: -5))
//.Add(new- IntegerVectorEncoding("i", - length: -5

/#.Add(new- RealVectorEncoding("r", - length: -5,

/{.Add(new PermutationEncoding("p", length: -5,

riables in-t
h-can-also-col
g("b", length: 5);

* Drag’'n‘drop the data
from the script onto the
problem‘s VariableStore

/{ Add-additional -initialization code e.g. private variabl:

public double Evaluate(Individual individual, IRandom random
//-Use-vars.yourVariable to-access variables in-the variab.
var quality = 0.@;
//quality =-individual.RealVector("r'

* Code the problem
definition —— '

y.Sum{x-=>x-F-x);

 Compile the problem | |
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Non-linear Curve Fitting

Dalaﬁenerationﬂcript] - X Prograrmmable Problem (single-... ] * X
Mame: Data Generation Script (i) 23 Mame: 2D Gauesian Curve Fitting (i) 23
- . Mot compiled Mot compiled
1 use- "vars «  Varables 1  using Sy « Varables
2 ,-"f use- "vars Ml : aal BT Mo
3 // use 'varsH |£_T| |-’~_‘|’| 3 ~ |-’~_T| |-’~_"I’| |i|
4 ff-use 'vars 4
5 // use- 'fore Name  Value 5 Nz Walue  Type
& ff-use 'vari ISl data [[6.0.8717 6
7 7 using He ‘.

8  using System 8  using He Drag n DrOp
9 using System 9 using He
18: using-System 18: using-He
11 11 using He _

12.  using-Heuris ":’ neinm '-:ﬂ
13 using-Heuris D
14 using Heuris ~” Output

HeuristicLab Tutorial

http://dev.heuristiclab.com

HeuristicLab

89



Non-linear Curve Fitting
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public bool Maximization { get { return false; } }

public override void Initialize() {
Encoding = new RealVectorEncoding(“r", length: 5, min: 0.0, max: 10.0);

}

public double Evaluate(Individual individual, IRandom random) {
var vec = individual.RealVector("r");
var mu = new double[] { vec[@], vec[1l] };
var cov = new double[,] { { vec[2], vec[3] }, { vec[3], vec[4] } };
var invCov = GetInverse(cov);

var data = (DoubleMatrix)vars.data;

var quality = 0.0;

for (var i = 0; i < data.Rows; i++) {
var estimated = TwoDGauss(data[i, @], data[i, 1], mu, cov, invCov);
if (double.IsNaN(estimated) || double.IsInfinity(estimated)) quality += 1000;
else quality += (estimated - data[i, 2]) * (estimated - data[i, 2]);

}

return quality / data.Rows;

}

private double TwoDGauss(double x, double y, double[] mu, double[,] cov, double[,] invCov) {
var a = x - mu[@];
var b =y - mu[1];
return 1.0 / (2.0 * Math.PI * Math.Sqrt(GetDeterminant(cov)))
* Math.Exp(-0.5 * ((a * invCov[@, @] + b * invCov[1, @]) * a + (a * invCov[@, 1] + b * invCov[1, 1]) * b));
}

private double[,] GetInverse(double[,] m) {

var det = GetDeterminant(m);

return new double[,] { { m[1, 1] / det, -m[@, 1] / det }, { -m[1, @] / det, m[@, @] / det } };
}

private double GetDeterminant(double[,] m) {
return m[@, 0] * m[1, 1] - m[e, 1] * m[1, @];
}
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HeuristicLab
e Note that in the evaluation function we took
care of degenerate cases

 |f the estimation of the model is not a double
number or infinity, an arbitrary, but high
number is returned as a goodness of fit

for (var i = 0; i < data.Rows; i++) {
var estimated = TwoDGauss(data[i, @], data[i, 1], mu, cov, invCov);
if (double.IsNaN(estimated) || double.IsInfinity(estimated)) quality += 1000;
else quality += (estimated - data[i, 2]) * (estimated - data[i, 2]);

}



Non-linear Curve

e Create a new suitable
algorithm, e.g. CMA-ES

* Drop the problem onto
the algorithm

e Set the algorithm
parameters

— MaximumGenerations: 200
— InitialSigma: 5

* Run the algorithm

TN

HeuristicLab

HeuristicLab Optimizer 3.3.11.12012 [Unsaved]

= B ||

Eile Edit View Services Help
=~
Start Page I’ Script |’ Pregrammable Problem (single—‘../VCMA Evolution Strategy

MName: CMA Evolution Strategy

Problem Results | Runs | Operator Graph | Engine

Parameters
&t &Y

W Analyzer: MultiAnahyzer
% CMAlnitilizer: CMAInitializer
&% CMAMutator: CMAMutator
& CMARecombinator: CMA Log-weighted Recon
&% CMAUpdater: CMAUpdater
# Initialterstions: 0
“t% Initial Sigma: [0.5]
¢ MaximumEvaluated Solutions: 2147483647
¢ MaximumGenerations: 1000
# MaxdmumStandardDeviationChange: n. def
# MinimumQualityChange: n. def.
# MinimumQualityHistoryChange: n. def
# MinimumStandardDeviation: n. def
“% Mu: null
# PopulationSize: 20
# Seed: 0
# SetSeedRandomly: True
# TargetQuality: n. def.

Execution Time:  00:00:00
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CMA Evolution Strategy | - X

Name:  CMA Evolution Strategy (L 238

| Problem | Algorithm | Results | Runs | Operator Graph | Engine |
Results

+) 61 60 ) &

Details
# EvaluatedSolutions: 4000
@ Generations: 200 Mame:  Object Variables (i) .Eg (i)
52 Best Solution: 9 E)
¥ CumentBestQuality: 0.0001028216230490286! ObjectVariables
@ CurentAverageQuality: 0.00010282162304590]
% CurrentWorstQualty: 0.000102821623049028 — Auis0 Ais? = Awis2  —— Auis3 Huxisd
@ BestQualty: 0.00010282162304902861
@ BestKnownQuality: n. def. 107
# Pbsolute DiferenceBestKnown ToBest: n. def.
# Relative DifferenceBestknown ToBest: n. def.
4] Qualities: Qualities
| Progress: Progress
|| Sealing: Scaling

bject Varables: Object Variables
|~ Standard Deviations: Standard Deviations

51 m 151

4 ] 3

|T| |F| |E| Execution Time:  00:00:04.2002402

HeuristicLab Tutorial http://dev.heuristiclab.com 93



Agenda

HeuristicLab

 Demonstration Part lll: Programmable Problem



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

* 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

e Statistics
— statistical tests and automated statistical analysis
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Planned Features

HeuristicLab

e Algorithms & Problems
— steady-state genetic algorithm
— unified tabu search for vehicle routing
— estimation of distribution algorithms
— evolution of arbitrary code (controller, etc.)

* Cloud Computing
— port HeuristicLab Hive to Windows Azure

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

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



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

HeuristicLab Team

HeuristicLab

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

Softwarepark 11
A-4232 Hagenberg
AUSTRIA

— emme

——
= 'vr

WWW: http://heal.heuristiclab.com

Algorithms Laboratory OBEROSTERREICH

i

"
1
- ‘
id
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Suggested Readings

HeuristicLab

OPTIMIZATION
SOFTWARE CLASS
LIBRARIES

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

Genetic Algorithms and

Genetic Programming

* M. Affenzeller, S. Winkler, S. Wagner, A. Beham e o
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

http://www.youtube.com/heuristiclab

http://www.facebook.com/heuristiclab
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