HOPL

HeuristicOptimizationin Productionand Logistics

JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

RISC

Software GmbH

OBEROSTERREICH

FJPROFLCTORY' V"""research

Heuristic
Optimization in
Production and
Logistics

gefordert durch

Osterreichische
Forschungsférderungsgesellschaft

S

1|
i~ LAND

OBEROSTERREICH

Contact

Dr.Michael Affenzeller

FH OOE Schoolbf Informatics,
Communications and Media
Heuristicand Evolutionary
Algorithms Lab (HEAL)
Softwareparkll, A4232
Hagenberg

e-mail:
michael.affenzeller@finagenberg.at
Web:

http:// heal.heuristiclab.com
http://dev.heuristiclab.com



mailto:michael.affenzeller@fh-hagenberg.at
http://heal.heuristiclab.com/
http://dev.heuristiclab.com/

Research GrouplEAL

¢ Research Group

A 5professors
A 7 PhD students
A Interns, Master and Bachelor students

¢ Research Focus

Problem modeling

Process optimization

Databased structure identification
Supply chain and logistics optimization

To To To o Do

Algorithm development and analysis

¢ Industry Partnergexcerpt)
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Metaheurlsucs ({ /\ Optimization in

™ / Production and
~.' - Logistics

¢ Metaheuristics
Intelligent search strategies
Can be applied to different problems
Explore interesting regions of the search space (parameter)
Tradeoff: computation vs. quality
- Good solutions for very complex problems
A Must be tuned to applications

To To Do I

¢ Challenges

A Choice of appropriatenetaheuristics
A Hybridization

Finding Needles in Haystacks
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Open Source Optimization FramewoHkeuristicLab
A Developed since 2002
A Basis of many research projects and publications
A 2ndplace atMicrosoft Innovation Award 2009 _
A HeuristicLal8.3 since May 2010 under GNU GPL htta;gii\_/ézﬁms

HeuristicLab

Motivation und Goals

Graphical user interface for interactive development, analysis and
application of optimizations methods

Numerous optimization algorithms and optimization problems
Support for extensive experiments and analysis

Distribution through parallel execution of algorithms
Extensibility and flexibility (pluop architecture)

To Io Do Do I

Cluster at campusiagenberg

A Research cluster (since March 2006) with 14 cores

A Dell Blade system (since January 2009) with 112 cores
A 200-300 lab computers at campigagenbergsince 2011)
A High performance cluster (2016)
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Heuristic
Where to get HeuristicLab? R
Logistics

¢ Download binaries
A deployed as ZIP archives
A latest stable version 3.3.13
- released on November 20th, 201W(nd|schgarste)1 HeuristicLab_
A daily trunk builds
A http://dev.heuristiclab.com/download

& Check out sources
A SVN repository
A HeuristicLal8.3.13 tag
- http://dev.heuristiclab.com/svn/hl/core/tags/3.3.13
A current stable branch
- http://dev.heuristiclab.com/svn/hl/core/stable

¢ License
A GNU General Public License (Version 3)

¢ System requirements
A Microsoft .NET Framework 4.0 Full Version
A RAM and CPU power
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Available Algorithms

Populationbased

©  CMAES

©  Evolution Strategy

©  Genetic Algorithm

©  OffspringSelection Genetic Algorithm

©  IslandGenetic Algorithm

©  Island Offspring Selection Genetikigorithm
©  Parameterless Population Pyramid (P3)
¢ SASEGASA

© RelevantAlleles Preserving GA (RAPGA)
©  Genetic Programming

¢ NSGAI

©  ScatterSearch

©  Particle Swarm Optimization

Trajectory-based

©  Local Search

©  TabuSearch

©  Robust Taboo Search

¢ VvariableNeighborhood Search
¢ SimulatedAnnealing

4 ];\ Heuristic

4 — \ Optimization in
\ \ ") Production and
o' Logistics

Data Analysis

¢
¢
¢
¢
¢
¢
¢
¢
¢
¢

Linear Discriminant Analysis

Linear Regression

Multinomial Logit Classification
k-Nearest Neighbor

k-Means
NeighbourhoodComponent Analysis
Artificial Neural Networks

Random Forests

Support Vector Machines
GaussiarProcesses

Additional Algorithms

¢
¢
¢
¢
¢

Userdefined Algorithm
Performance Benchmarks
HungarianAlgorithm
Cross Validation
LM-BFGS
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Available Problems

Combinatorial Problems
©  Traveling Salesman
©  Vehicle Routing

¢  Knapsack

©  NK[P,Q]

©  JobShop Scheduling
©  Linear Assignment
©  QuadraticAssignment
©  OneMax

©  Orienteering

©  Deceptivetrap

©  Deceptivetrap step
¢ HIFF

Genetic Programming Problems

€ SymbolicClassification

€ Symbolic Regression

©  Symbolic TimeSeries Prognosis
@ Artificial Ant

©  Lawn Mower
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Additional Problems

¢
¢
¢
¢

@’
¢
¢

SingleObjective Test Function
Userdefined Problem
Programmable Problem

ExternalEvaluationProblem
(Anylogig Scilab, MATLAB)

Regression, Classification, Clustering
Trading
Grammatical Evolution
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Stateof the Art St il
Logistics
Typicalapproach
A Modelingof singletasks
-  Warehouse

Productionplanning

Inhouselogistics

Transportiogistics

A Adaptationof standardproblemfrom the literature (JSSP, CVRP, e.g.)
A Optimizationwith metaheuristicsexactsolversor hybrid approaches

Recenttrends

A Integratedmodelingor interrelated tasks
- Matheuristicswhichare ableto combinetwo tasks(packingandroutinge.g.)
- Simulationbasedoptimization

Limitations

A Limitationto just acoupleof tasksthat canonly be describedoy complexmodels
A Modelingof specificconstraintsis difficult
A Limitationsin terms of modularity and reusability
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Optimization Network Producion

Logistics

4 N 4 N

Optimization Optimization
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A Problem Characteristics A
\ 4 v I
I
Orchestration and Analysis \ [
|

Algorithm and Problem ‘
—> Analysis Integration A

\_

Parameter Sets (Sent to Nodes) :
Problem Parameters I Optimization
Algorithm Selection I Node
Parameter Selection I (e.g.Time Series
I
|
I

/ Optimization \

Node(e.g.Routing

\

Runtime Distribution Modeling)

To To To T I

NG Diversification \
id <_ P— — e — o
\_ / ¥ B )

GECCO 2016 Industrial Applications & Evolutionary Computation in Practice Day 10




FitnessLandscapdasedAlgorithm Heuristic

Optimization in

P red | Ctl on Production and

Logistics

FitnessLandscapeéinalysis 2 oy g

. . lipa50b RAND-S-10x10-100-25-AFFY-00_rand_rand_bl
A Calculatiorof featuresin order to
H H lipa®0a 17501
characterizgorobleminstancegPA12, e D
04 B ii75e01  t@i128e10 esclla
VFMO3] 1ai100a TaiTheln ™ tailsell
fa2e0 © == RAND-5-6x6-36-25-AFFY-00_rand_rand_b
teid5e1 |- M izzero u
- ruggedness 0] \ e
RAND-S-12:12-144-25-AFFY-00_rand_rand_cpko56 kra22
. i i20)
- neutrahty 24 will00 hafﬁwl.a dre20
||
. . wil50} ti50a dre2s W
u B
- m I S I ead I n g £koB30 lipa20a Chrzobl-.dre.SB
[ - - L dre110
A . I . . h bI . nug30 lipa20b chr2gz dreiz @
Visualizationwit prooliem mstancemap =
.4_
- projectionslike PCA, MDS, SOM ROND-5 4245 AP0, el
A L chr2lc
ti100b e n
t2i50b
.6_ .
bur26d
12id0b L sls19
-2
bur2éa
[
-10 T T T T T T
-5.98528275463877 -1.98526278463977 2.01473721536023 6.01473721538023
-3.98526278483977 0.01473721536023 4.01473721538023

[PA12] Pitzer, Eand Affenzeller, M., 2012. Bomprehensivesurveyon fitnesslandscapeanalysis

In RecentAdvancesn Intelligent Engineering Systems (pp. 41&®11). Springer Berlin Heidelberg.

[VFMO3VassileyV. K., Fogarty, T. @ydMiller, J. F. 20083moothnessRuggednesand Neutrality of Fitnesd_andscapes-romTheoryto Application
In: Ghosh, ATsutsuj S. éds) Advancesn EvolutionaryComputing:Theoryand Applications pp. 344. SpringeiVerlag New York, Inc.
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FitnessLandscapdasedAlgorithm
Prediction

Algorithm performance

A Israndomvariablee[HS98]

Probabilityof obtaininga certaingoalw.r.t.
effort

A
A Comparisorby mean[AHO05]
A

Empiricaldistribution function (ECDRpr
vizualization

Clusterclassification
A k-Meansfor clusteringof meanvalugk = 5)
- Performanceclassed-5

A Additionalclassf algorithmneverreaches
the goal(classb)

[HS98Hoos H. H. & Stitzle, Evaluatind-as Vega8lgorithms- Pitfallsand Remedies

Proceedingsf the FourteenthConference obncertaintyin Artificial Intelligence(UAF98), Morgan Kaufmanrl,998, pp. 23845.
[AHO5] Auger, A. & Hansen, N. Performance evaluation of an advanced local search evolutionary algorithm.
Proceedings of the 2005 IEEE Congress on Evolutionary ComputatioBq@E&)pp. 17771784,
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