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Softwarepark Hagenberg

• Campus Hagenberg
• Communication, Software, and Media

• 1700 students

• Research Center for Software Technologies 
and Applications

• Softwarepark Hagenberg
• Education, Research, Economy

• More than 3000 employees and students

• Around 30.000 m2 floor space  in buildings
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What is AI

“Artificial Intelligence 
is the science and 

engineering of making 
intelligent machines”

John McCarthy mid-1950
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What is AI

“The artificial to intelligence 
ratio is the ratio of that 

which is delivered by the 
automated operation of the 

artificial method to the 
amount of intelligence that 

is supplied by the human 
applying the method to a 

particular problem”

John Koza mid-1990
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Why should we care about AI?

• AI is an old friend in research and development…
…so why so much noise now?

• AI will add 14 thousand billions to global 
economy 2030

• AI is already in our house and our streets

• AI can impact in the transformation of jobs
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Technology Landscape in AI
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ARTIFICIAL 
INTELLIGENCE

AUTONOMOUS SYSTEM

ADAPTIVE MACHINE LEARNING

EXPLAINABLE/INTERPRETABLE AI

NEURAL NETWORKS / DEEP 
LEARNING

PATTERN RECOGNITION

NATURALL LANGUAGE 
PROCESSING

NATURALL LANGUAGE 
PROCESSING

CHATBOTS

REAL TIME EMOTION 
ANALYTICS

NEUROMORPHIC COMPUTING

COGNITIVE CYBER 
SECURITY

ROBOTIC PERSONAL 
ASSISTANTS

AUTONOMOUS SURGICAL 
ROBOTICS

EVOLUTIONARY 
COMPUTATION

GENETIC PROGRAMMING

REAL TIME UNIVERSAL 
TRANSLATION

VIRTUAL 
COMPANIONS
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The AI of the future

Softwarepark Hagenberg - FH OOE - Research Group HEAL

Top 10 AI tech trends for 2018 (source: pwc)
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Do we need any strategy?
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What has happened?

Prescriptive Analytics

What should I do?

Diagnostic Analytics

Why did it happen?

Predictive Analytics

What will happen?
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Descriptive Analytics

What has happened?

Prescriptive Analytics

What should I do?

Diagnostic Analytics

Why did it happen?

Predictive Analytics

What will happen?

OLAP

BI
Visualization

Dashboard Planning

Statistics
Machine Learning

Forecasting
Data Mining

Scoring

Model Fitting

Optimizatio
n

Simulation
Rules
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WAS BEDEUTET DAS PRAKTISCH?
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1. NOVEMBER
Start of compulsory winter tires.
High season for garages.
Strong sales for tire dealers.
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Unterschiedliche und widersprüchliche Produkteigenschaften

beeinflußen die Auswahl von neuen Reifen.

Reifen Auswahl?
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Rezeptur
… für die richtige
Gummimischung

Prozess
Output

Merkmale des Reifens:
1. Temperaturverhalten
2. Abrollverhalten
3. Bremsverhalten
4. Trockene Fahrbahn
5. Eis, Schnee und Nässe
6. Energieverbrauch
7. Geräuschentwicklung
8. Verschleiss
9. Fahrkomfort
10. etc.

Input – Rohstoffe

Reifen Produktionsprozess
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Lösungsansätze:
a. Experimentell:

Mit hohem Aufwand verbunden, teuer und langsam

b. Simulation:
Modellbildung wegen der hohen Komplexität nur eingeschränkt möglich
Aussagekraft nur in Teilbereichen vorhanden

c. Hybrid:
Machine Learning →Modelle für Qualitätsmerkmale
Inverse Modellierung
Optimierung

→ Prescriptive Analytics!
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Die optimale
Rezeptur?
… für die “richtige” 
Gummimischung

Output

Input:
Prozessparameter
Modelldaten
Ursache-Wirkung-Daten
u.a.

Problemstellung invers …

Prescriptive
Analytics
SystemMerkmale des Reifens:

1. Temperaturverhalten
2. Abrollverhalten
3. Bremsverhalten
4. Trockene Fahrbahn
5. Eis, Schnee und Nässe
6. Energieverbrauch
7. Geräuschentwicklung
8. Verschleiss
9. Fahrkomfort
10. etc.

Input – Rohstoffdaten

Die gewünschten Produktmerkmale werden an ein AI-basiertes System übertragen. 
Das Ergebnis ist ein passendes Produktionsrezept.



Sources Data Model Benefits

Prescriptive Analytics – Tire Production
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Materialeigenschaften:
1. Temperaturverhalten
2. Abrollverhalten
3. Bremsverhalten
4. Trockene Fahrbahn
5. Eis, Schnee und Nässe
6. Energieverbrauch
7. Geräuschentwicklung
8. Verschleiss
9. Fahrkomfort
10. etc.

AI guided Simulation Experiments 
e.g. What-If, ParamOpt,…

= Speed-up = more experiments
possible

optimale 
Rezeptur:

erfüllt gegebene 
Eigenschaften



Geometrie

Material

Belastung

Bildrechte: Bernhard Plank (C) Bildrechte: Miba AG (C) 

f(x) Performance

Modell

Validierun
g

Simulation

Realität

Prototyp

Optimierte 
Produktlösung

Prescriptive Analytics: Smart 
Engineering
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Example:
Plasma Nitriding Modeling

• Motivation
• hardening of materials (e.g. transmission parts)

• process parameter settings based on expert 
knowledge

• Modeling Scenarios
a) prediction of quality values based on process 

parameters and material composition

b) propose process parameter settings to reach the 
desired material characteristics 

a) b)
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Prescriptive 
Analytics

Machine
Learning

Computer 
Vision

Operations
Research

Data 
Science

Computational
Intelligence

Symbolic 
Modelling and 

Problem Solving

Applied 
Statistics

Simulation

Signal 
Processing

Meta-
heuristics



Heuristic and Evolutionary
Algorithms Laboratory (HEAL)

• Research Group HEAL
• established at FH Upper Austria since 2005

• 5 professors

• 17 research associates

• Interns, Students (Bachelor, Master)

• Research Output
• > 25 research projects, > 5 mio. EUR funding

• > 200 publications (peer-reviewed)

• > 10 dissertations

• > 60 thesis (Master and Bachelor)

• Scientific and Industrial Partners
• https://heal.heuristiclab.com/patners
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Metaheuristics

• 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

• must be tuned to applications

• Challenges
• choice of appropriate metaheuristics

• hybridization

Finding needles in haystacks

Softwarepark Hagenberg - FH OOE - Research Group HEAL 28



Research Focus

Production Planning and 
Logistics Optimization

ES

ACO
SA

PSO

SEGA
GATS

SASEGASA

GP

Machine Learning

Neural Networks

Statistics

Operations
Research

Modeling and 
Simulation

Structure Identification
Data Mining
Regression
Time-Series
Classification
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HeuristicLab

• Open Source Optimization Environment HeuristicLab
• developed since 2002

• basis of many research projects and publications

• 2nd place at Microsoft Innovation Award 2009

• HeuristicLab 3.3.x since May 2010 under GNU GPL

• Motivation and 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 (plug-in architecture)

• Distributed Computing with HeuristicLab Hive

• framework for distribution and parallel execution of HeuristicLab
algorithms

• compute resources at Campus Hagenberg

− 2006 – 2011: research cluster 1 (14 cores)

− since 2009: research cluster 2 (112 cores, 448GB RAM)

− since 2011: lab computers (100 PCs, on demand in the night)

− since 2017: research cluster 3 (448 cores, 4TB RAM)
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Black-Box vs. White-Box Modeling
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• Instead of black box models (ANN, SVM, etc.) identification of 
model structure, i.e. white box models
(symbolic regression/classification with Genetic Programming)

Black Box Model White Box Model
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Symbolic regression

Learning of models as mathematical expressions

Properties
• Nonlinear Models
• Smooth Response Functions
• Integration of Prior Knowledge

𝑓 𝑥1, 𝑥2 =
0.0651 𝑥2 + 1.316

1.5156 𝑥1 + 17.619
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Symbolic regression

𝑒−𝑥𝑥3 cos 𝑥 sin(𝑥)(cos 𝑥 sin 𝑥 2 − 1)
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Symbolic regression

c0 sin(c1 cos 𝑐2 𝑥 + c3 cos(𝑐4 𝑥)

𝑐5 𝑥 + cos(𝑐6 𝑥 + c7 sin sin cos 𝑐8 𝑥 + 𝑐9
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Genetic programming
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https://symreg.at

Symbolic regression
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White-Box Modeling

ReturnTemp(t) = 
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Model Simplification
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• Simplification Methods
• mathematical transformation

• remove nodes

• constant optimization 

• external optimization

• Export
• textual export

• LaTeX, MatLab

• graphical export
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Model Evaluation
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ClassificationRegression
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Visual Model Exploration
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Example:
Virtual Sensors for Modeling Exhaust Gases

• Motivation
• high quality modeling of emissions (NOx and soot) of a diesel engine

• virtual sensors: (mathematical) models that mimic the behavior of physical sensors

• advantages: low cost and non-intrusive

• identify variable impacts:

− injected fuel, engine frequency, manifold air pressure, concentration of O2 in exhaustion etc.
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NOx(t) = f(x1(t-7), x2(t-2), …)
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Example:
Blast Furnace Modeling

• Innovations 
• results as formulas → domain experts can analyze, simplify and refine the models

• integration of prior physical knowledge into modeling process

• powerful data analysis tools: model simplification and variable impact analysis
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Model

f(x)
Prognosis
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Integration of Expert Knowledge

• Model Analysis

• Knowledge Integration
• specification of known correlations

• model extension through algorithm
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Holistic Knowledge Discovery
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• Variable interaction networks
• reveals non-linear correlations

• Variable frequencies

• analyzed during the algorithm run
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Detection of Regime Shifts

• Real-time Analytics (Streaming Data)

• Analysis of Variable Frequencies
• clearly shows that algorithm is able to detect which variables are relevant

Softwarepark Hagenberg - FH OOE - Research Group HEAL 47



Michael Affenzeller 

November 12th 2020

Künstliche Intelligenz - Mythos und Realität
Wie wir die Zukunft mit Prescriptive Analytics gestalten

Contact: 
Prof. Dr. Michael Affenzeller

Heuristic and Evolutionary 
Algorithms Laboratory (HEAL)
School of Informatics, 
Communication and Media
University of Applied Sciences 
Upper Austria
Softwarepark 11
A-4232 Hagenberg

E-Mail:
michael.affenzeller@fh-hagenberg.at

Web: 
https://heal.heuristiclab.com
https://dev.heuristiclab.com

mailto:michael.kommenda@fh-hagenberg.at
https://heal.heuristiclab.com/
https://dev.heuristiclab.com/

