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®* Campus Hagenberg
*  Communication, Software, and Media
* 1700 students

* Research Center for Software Technologies
and Applications
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“Artificial Intelligence
is the science and
engineering of making
intelligent machines”

John McCarthy mid-1950
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What is Al

“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 Al? Ch
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®* Alis an old friend in research and development...
...50 Why so much noise now?

* Al will add 14 thousand billions to global
economy 2030

® Alis already in our house and our streets
®* Al can impact in the transformation of jobs
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NEUROMORPHIC COMPUTING AUTONOMOUS SYSTEM

COGNITIVE CYBER

ADAPTIVE MACHINE LEARNING
SECURITY \

ROBOTIC PERSONAL EXPLAINABLE/INTERPRETABLE Al

ASSISTANTS
NEURAL NETWORKS / DEEP

AUTONOMOUS SURGICAL LEARNING

ROBOTICS

ARTIFICIAL PATTERN RECOGNITION

74
EVOLUTIONARY INTELLIGENCE

COMPUTATION

NATURALL LANGUAGE

) PROCESSING

[ ]
GENETIC PROGRAMMING
PY NATURALL LANGUAGE

(N N X (2 PROCESSING

o000

REAL TIME UNIVERSAL ®
TRANSLATION CHATBOTS
VIRTUAL REAL TIME EMOTION
COMPANIONS ANALYTICS
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The Al of the future
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Deep Learning Theory

Probabilistic Programming
Capsule Networks

Hybrid Learning Models
Deep Reinforcement Learning

Automated Machine Learning
GCenerative Adversarial Networks

Digital Twin

\U L &)

Learn and Augmented Data Learning

Vr—"J

Explainable Artificial Intelligence

Top 10 Al tech trends for 2018 (source: pwc)
Softwarepark Hagenberg - FH OOE - Research Group HEAL
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Do we need any strategy?
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Produktinnovationen

#01 Die Lifos (2018)

#02 Kumpel Cobot (2022)

#03 Kl Fake News-Agent (2025)
#04 Das Exo-Skelett (2025)
#05 Autonomes Fahren (2025)
#06 Die eigene Kl-Kopie (2030)
#07 Militar-Roboter (2030)

#08 Der Android (2035)

#09 Escort Bots (2035)

#10 Neuro-Staub (2035)

#11  Virtuelle Verkdrperung (2035)
#12 Der Cyborg (2040)

Prozessinnovationen

#25 Robotic Process Automation (2018)
#26 Préskriptive Analytik (2019)

#27 AutoML (2020)

#28 Frugale Kl-Innovation (2022)

KI-Mentor (2027)

#30 Digitale Medizinrevolution (2035)

#31 Brain-Machine-Interface (2035)

#32 Digitale ,Telepathie” (2040)

#33 Telepathisches Kl-Autocomplete (2040)

EE NN
3+
]
(<=}

I F N ENEN NENNN NI

il Ky
* A #38
a8 m#06 e v #27 #28 ! :
A #34 Der Datenl-See (2021) #05g #1568 #15 #25 *436 : ® #13 Der Kl-Kundendienst (2018) :
4 #35 Das KI-Universum (2022) =0 *H07 #04m i ®® %126 ® #14 Cash Recovery mit KI (2018)
+ #36 Die Robotersteuer (2024) 1038 s02m  gyp; o TOIA AH3S *#37 . ® #156 Kl-Forensik (2018)
<+ #37 Die progressive Konsumsteuer (2028) L4 ® #16 Smart Contracting (2021)
A #38 Phinomenales Kl-Lernen (2030} 2040 2035 2030 2025 2025 2030 2035 2040 C & #17 Der KI-TUV (2022)
A #39 Community of Things (2030) : ! ! i @ #18 Kl|-Chatbots (2022)
: :j? \(’)Vuabntefr;'\-.nterr;‘et [égggi kurzfristig mitteliristig langfristig . ® #19 Algorithm Audit (2025)
'eb of Thoughts i ® #20 Priaemptive Sicherheit (2028)
A #42 Technologische Singularitat (2040) Legende W #21 Der Pﬁﬁage—Bot (2030)
i e : Hinweis: Form und Farbe der Icons :

A #43 Die Sensorik-Eruption (2040) kennzaichnan den Bersich, in derm i .. #22 Kl-basiertes Lernen (2032)

Chancen primér anwendbar sind: | # #23 Robot Lawyer (2035)

. @ #24 Die Robo-Polizei (2040)

A Universal (Ganzheitlicher Einsatz) :

® Wirtschatt (Unternehmenswelt) T

# Offentlicher Sektor

Quelle: KPMG in Deutschland / TRENDONE, 2018 W Mitarbeter (Personliche Amwendung)
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Prescriptive Analytics

What should | do?

Business Value

Diagnostic Analytics Predictive Analytics

Why did it happen? What will happen?

Descriptive Analytics

What has happened?

Human input to decision

Analytics Focus

Present Future

13



Human input to decision

Prescriptive Analytics HI —M
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Optimizatio

2] LJ elgescrlptlve An{lytics

Simplation

S Predl_ifuve Analétlci

. What will happen?

Business Value

Planning

Analytics Focus

Present Future
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WAS BEDEUTET DAS PRAKTISCH?
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1. NOVEMBER:

«d Start of compulsory winter tires.
High season for garages.
Strong sales for tire dealers.
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Reifen Auswahl?

Unterschiedliche und widerspriichliche Produkteigenschaften
beeinfluBen die’ Auswahl von neuen Reifen:
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Input - Rohstoffe B Prozess ' Merkmale des Reifens:

Temperaturverhalten
Abrollverhalten
Bremsverhalten
Trockene Fahrbahn
Eis, Schnee und Nasse
Energieverbrauch
Gerauschentwicklung
Verschleiss
Fahrkomfort

T MR 3 10 etc.

s~

g

Rezeptur

... fur die richtige
Gummimischung

R
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Losungsansatze:
a. Experimentell:

Mit hohem Aufwand verbunden, teuer und langsam

b. Simulation:

Modellbildung wegen der hohen Komplexitat nur eingeschrankt moglich
Aussagekraft nur in Teilbereichen vorhanden

c. Hybrid:

Machine Learning = Modelle fiir Qualititsmerkmale
Inverse Modellierung
Optimierung

—> Prescriptive Analytics!

19
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Problemstellung invers ...

Output

Input —Ro . ]
. Die optimale

Merkmale des Reifens: : Reze ptu r?
Temperaturverhalten . fur die urichtigen

Abrollverhalten

Bremsverhalten Gummimischung

Trockene Fahrbahn
Eis, Schnee und Nasse

Energieverbrauch
Gerauschentwicklung Input Al €
Verschleiss Prozessparametg&[;w

Fahrkomfort Modelldaten
L Ursache-Wirkung-Date
u.a. ‘

= &0 & @0 Qd g2 GO N (=
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Prescriptive Analytics — Tire Production

Sources Data Model Benefits

X1 x2 x3 x4 x5
28.07845| 13.93902| 87.63394| 20.07777| 63.00267| 250.4028
27.95657| 12.75236| 87.05083| 19.95878| 63.00894| 440.0825
25.43135| 23.03532| 38.32881| 21.98374| 74.99575| 292.6644
28.5034 36.71041| £7.59461| 20.55528| 75.01106| 100.8683
23.03413| 46.5804] 79.38985| 18.67402| 80.31421| 435.7738
20.97957| 41.52231| 73.32074| 21.49193| 79.98517| 288.5032
28.07431| 28.49076| 106.4166| 27.38095| 79.97826] 2
28.00454| 36.33813| 104.7173| 27.99428| 75.00266] 2
28.0274| 31.84306| 102.277| 28.81878| 78.1752] 2

7
3

4 )

optimale

Rezeptur:
erflllt gegebene
Materialeigenschaften: Eigenschaften
Temperaturverhalten
Abrollverhalten \ )
Bremsverhalten
Trockene Fahrbahn
Eis, Schnee und Nasse
Energieverbrauch
Gerauschentwicklung
Verschleiss
. Fahrkomfort
10. etc.

26.503| 27.67078| 93.81539| 21.29002| 652.99904|
23.869| 27.25298| 93.67531| 24.54099| 80.00291|

possible

1.
2.
3.
4.
5.
6.
7.
8.
9
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Prescriptive Analytics: Smart
Engineering HL (=M
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o

Modell %
_f(X) I:> Performance %
Simulation

Geometrie

ﬂ) BN v g 2>

Reibwertprognose

bisher 10% Fehler
jetzt 2% Fehler

Material
o
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Belastung

Bildrechte: Miba AG (C) Bildrechte: Bernhard Plank (C)
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Prescriptive Analytics: Smart Ul =N
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Geometrie Kundenlésung

Material
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o)
|
Modell %ﬂ L]
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Simulation
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® 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

N 1C- 1 ]
a) -m b (7] ()
- ) G

‘ Materlal composition Material composition

‘ Desired quality

PI‘OCESS parameter

Models Models
/ : mate J
Q 0]
GG GG
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Symbolic
Modelling and
Problem Solving

Computational
Intelligence

Applied
Statistics

Computer ol nr E e S Signal
Vision Y v — ¥ Processing

Operations
Research

v 2% AV Prescriptive b .
Machine : 7 Meta-

Learning 4 = - Analytics : - heuristics

IC S—C—CJ:‘—' 7 //A\\

= softwarepark
hagenberg

upper austria

onversy  JN U

oeerosTerreicH ) UPPER AUSTRIA T ——
UNIVERSITAT LINZ

software competence center
Software GmbH hagenberg




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

Softwarepark Hagenberg - FH OOE - Research Group HEAL 27
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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

Softwarepark Hagenberg - FH OOE - Research Group HEAL

HL |1

HeuristicLab

Finding needles in haystacks

OBEROSTERREICH
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Research Focus ﬁh
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Structure Identification Machine Learning

Data Mining
Modeling and Regression /
Simulation Time-Series

Classification
Neural Networks

HeuristicLab

\ Statistics

\

HeuristicLab

Production Planning and
Logistics Optimization

7/ . \
’/ . - - . \
.~ . ~
-~ Operations " \
Research N \
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HeuristicLab

®* Open Source Optimization Environment HeuristicLab
* developed since 2002
* basis of many research projects and publications
» 2M 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)

Softwarepark Hagenberg - FH OOE - Research Group HEAL
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Black-Box vs. White-Box Modeling —N
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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

Predicted value
i
=
Prdcied valus

Softwarepark Hagenberg - FH OOE - Research Group HEAL 31



Symbolic regression
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Learning of models as mathematical expressions
320.000 T
Properties ] s
* Nonlinear Models , ‘;-;; T
Smooth Response Functions %7 i |ih:° =
. . 2 'R l a .
* Integration of Prior Knowledge . “'I”” $d
290.000 + ,.;:,;,“ Hppie. e
I
314 b 215
280.000 + Phe 738
270.000
270.000 280.000 250.000 300.000 310.000 320.000
0.0651 x, + 1.316
f(xl»xz) =
1.5156 x; + 17.619
Softwarepark Hagenberg - FH OOE - Research Group HEAL 32



Symbolic regression —N
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e *x3 cos(x) sin(x)(cos(x) sin(x)? — 1)

0.5+

1 m 1

i i i m i
f- L L L L L L L L L R S—
\/ 2 3 4 5 6 \—f/ 8 9 10
0.5+
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0.5+

0.5+

Symbolic regression —N
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Co sin(c; cos(c, x) + ¢35 cos(cy x)

i cs x + cos(cg x + c; sin(sin(cos(cg x))) + cq

_\-/ T T f T T T
2 3 4 5 6 8 9 10

Softwarepark Hagenberg - FH OOE - Research Group HEAL 34



1+>m( )+ zxy

u+ysmtzy5 +x
Lasin(z)e”
e*sin(y + ylyy
1
[ EgE=m
7]%(;)“ Y sin(x)
St sty
1
ZFer sin(z)
Tog(y
%eyrcey
rnl(m} + xy + sin(x)
1
Ttz sim(zyy
vt sin(yly +y + 1
g y) + log(x )+ey
Tvaz+ b
e 1Dg($+ )
sm( v+ y)e Y

1

u T t-'lug(wy
1
Ty T Snleier
yy + et et

1 e
gz Ty

ey + gy sinle)
1
T+ yFe +y
,”.‘ +uy
B y+mn[y1)+y Ty
sin(y+a)y-+e®
ysin(:rj +et+ smm
=yt lug( )
sm(r) + + ym(y)
y+sin(x)z + y log(x)
y+yrr+y
xlog(y) loglx)y
R S—
iox(yyriu Y
eV +sin(x)y +x +y
ylﬁgtaﬁylf Ty
ayy + sinfax)e
1
u!'+ﬂi"(y) +uy
 + |.)b<r). et
x lagl[ )lo,q,(1 )y
ur vy
log( r)et +
;J:l' sin(x +y)
sin(y + y)we™
x4+ Ly + sin(zy)

- ;+u+log(y) +

'05{1) + sin(zx + y)
rTtzt+aot bm(Lyz) et LY
Y e v sin(y) sinfwe)
lug( log () + W +1
ey e 1%( ) 3 * welz

log(y) +1 strtytr
+ log( ) sin(z

10%&3; + )y + log(
yrowrer TV
sin(J)rr sin(y)a

Sin(y) + g +log(r

yt+a+ g Hlog(s) ¢4 log(y) + = lng(&" + I)lug o +log(z) + wlog(y)
B sin(z) + sin + T +.r +y) loglx) + zawlog(r) o sin(x) log sin RN S +y+ =
RS “"”’*E” g+ oy tsinfy) + e O )_(y + v log(y + ayy) sin(y) gl(o)( )(10)(.1‘%(1;')4— vt ”w“"”" vt g
log(a) + L +y+u+ )y +etw o+ loaly + o)y L+ ev log(y)r Byt 1“"‘“’ Ay i R mnwmu) sin(y)  sin(o)e! log(r)
oglx T I sin(y e* = ZeT _— U — .
rg+ :rqinf-r) +yrq'1n(.' ) ) xy+ ayr +y og(z + zx)yev v€ + s Tz FloR(Y) Ut o sin(x) + e"x + sm(y) Tsin(r) +y+ xx
¥ e’ + J log(x) ev oely T Tlye L+ e* +sin(x) iyt Ly 1 1
tyfErtyty L 1 TR AT v * - rEETTr= log () + sin(y + yy) L +log(x) + ¢
vty vty ytyt DE(L' +r)+y sinfy)y + L + aHlos{yty)tuty 1 1 1 + sinfy) + o v oosin(y + yy) +sin(y) 1 (i 1
STy T Loyt e+ log(ry) EEY siny) + g (@) w i malg los(u) + log(x) log(y)e y+yy) +ainly) - logla + ) i loglylye
e
et +log(x)log(y)sin(z) _?_ 14 log(yx)z eog_g(.ﬁ (+) yr y+ e log(y) + 1 log(y)x + o+ y + log(x) w-.(y) +a + »,...(;] v+ m sin(wa) r”;;II logl(::)bin(y)y
T +et + ﬁ,—) +sin(m) v, . ¥ sl L sin(r + ;) asin(x) sin(x) ¥+ sm(x) + L +sin(y) 1 ysin(z)+log(y) Tsin(z) —F' +et
o+ Tey 1 Tog(aty+ua+y) 2+ sin(x) log(y) lol..(x) Sin?:sr{;)*_ W)+ € +y log(yx + y)y + log(g) sin(z)ysin(y) +y . e'(w)-r_:u N yHet+y + log(yr) T 108(y)
yﬂww T sm(yy1+ yrly sin(@) + e e )-lv-'l'g[J - WH% T = 2 +asin(z) log(y) v (B . x;'m(:) y +]a: + ey Y Ty sin(y)
. " 4 yrsinly og(yle Py S e 1
i 1y zy"m(l‘) EEaEsrreat’) e"a + sinfz) + sin(y) 2y + log(y) + ¥ + % &+t T_](.g(,.l) T+ IDg( )+ 5,,,1(yj ;‘:fléﬂg((;;) sin(ay) Tt yut :r + log(x) T Y
ey 102,(1'9;) Tl SR Y T Togta) loa(y) T Toa(r) PETEmd * ysin(yz + y)e? ("”“““‘J)““‘“’ (I)egyy 1 log()
e x4+ x + sin(x 1 . ) a x4 1 sin(y)+y+yy+x sz +x4 =
) : vyuy o) Gngy ) Tog(y) + log(ayey) “re g log(x) + log(x)log(x)y  + ysin(z + ) ;EJI AR ! WL
ST ET R T log(vun) log(x) sin(zy)e? m tuty leng( )? +;JT) y + sin(w) + W TT + I..g(fyl +u Z+ o _ﬁ;y sin ) ”ﬂ" )
1 y+ asin(yy +y ¢ wnfa) T € + log(y + @
1 - sin(y) log(x) 1 - lo v Y L ; L + 8ly
St hea loay + v) St i Toatyy + @@ JTq;fiyL e Bt [)yd log(y + ) yEeTE +y lIy.+ Syt oy + log( Yoy ;'y+LI cin(y) + o
s Y lgg(e) b L gl TV Y h yw T o snfyFety)siny] o sinlz)y + yr M e vﬂ” 3wty +sinl)y
\ yToglz) H1og(w) e + log(y)e® + z + w“’ L Y, sin(z) + ylog(z + 4) + ¥ sin(r) + 1 i+ —(— 1 1
) Fogly ) Flos(eTe Y L Yy e b © PloBE) gy sine o ot et o i eyt
T+ prewy U ¥+ rry -+ g y T logly + )y T»':_( JEn Gty ylog(z )Sm{r) U log(y)+ L+ ok T+yy+ ey 1 g( N ;E,.;\:y_ﬂ e 4 Ly
yy +yr +yy log(a x - 1 oo sty m Tet oglyr) logly Y {n . L
T ylog(x) + .I:;L++I(:‘ sin(yr + ¢)u T 10g(33?3) el + nm(ru-l.r c’;+ y+y Jrl,l- TV ooty )+ ein(e) 10g(y) + 7 + g e
| pRstEeT featya) © * "“‘(W) T yty + log(y) + sin(x) 7;‘..1(1;” + ey Ut S log(y + ) log(x + ) T+ G —l—tete
sin(z) + . +e x + Tsin(y)e L L 4y tsin(a) Tyt g' T o er + —+lls( 7 log(y) er log(yy + y)e oot i&y)
z X ’ EEnIT e TR o e
Y+ttt 5 (";5‘1 1“5 @ yesin(y) + ysin(x) :.m(?,') + e L + sin(y) log(z) + log(r) ~ sin(x) + yare! log(y) :Eillo‘g?w)}h-’% log(y)Sinw) +z 4 el tyty o
. 1 e’ qll'l oglx 2 = — 1 .
&+ J+wnu){u sm( ){Og(mg-}— ) e+ o+ erien) +u 1 sln(;p)e&‘ + @ 1y 110g(y) +y + log(a) log(x) + —+— e“+e‘ m —ye,”rz FE) v +uy+ log[ )+ axy
[ L .
lng(r)J+ Toe{y+3) Iug(!t + 1% log(y) [T e I ta + yyy _::1“?15;2(_'? TR +5111(rr} ﬁ_“ asin(y) Wt s e+ e los(x)
m t e ety P L toel) v+ sk etk lolg( v) + log(y) m} Floglua) ey
ior(n] sinfy) + e =T sm{x) +log(x) 10%(&9’ +y+ .l: +..£) yaysin(x ) + . sin(y) - ylog(x) +z + % . xf.re’uy St
Wg sin(y) xy + log(axx 4+ y) sin(zy) + 1101%(1 +yu) log(y) + sin(y) + L TealgrismE +sinr +2) u S Sin(y) + ye® sin(yzr)e? + z + x "“+'°£(J’1OK(MJ
3 1 1 (o . & 4 sin(z + x)ya 1 ‘
rsin(z + ) +x+ % z t Tgyz 10? w)+i‘+y+f‘ si“lmysm(.ly) rsin(zy)r + e & T SINE T L m g Togla)Toin(y] 1“1g(.*1' + ) +¢,I +;’- log(r)
e sm(y) Trrt gz NELRET N U A @) + e + log(x + x) ;,%FI-T x + sin(x)z +sin(y) ety + ﬁ +x og(z) el et te”
oy . . P bm( )lo () Fsin(y) ) " Toern) . Yy + log(z) + sin(x)
sinaz)sa 23 s0) Foinly) 0 i S S 1 N
o i'ln(”'g ) Nm(m) eVlog(x + y)log(x)  logla) + sin(y + a)e” y+sin(y) + xelx o sin(m) BlY) + 8 Tty e Tog(y)
yy + logle)ysin(r 1 . retV sin(.r.r) - +log(y +y)
y+ely T OB +) o 4 sin() sayyer 7 OE
1

Iog(::;)+ch(a:)
T+ x + r+ 5+

le-e(J)v log( )
e 4 e" + eV sinfy)
N S
g (y)Femly) T e¥

1 (7
sin(y+z+z) + sin(x)

x)

)

m“‘+log(fr) wet

log(y)ye? + log(x)

yloglyy +u) +y

lug(y)sm(z_] + zlog(z)

luz(yyw) e
ee eV log(y)
&+ eVsin(zr)
+ & log(x)e”

"

oL Lo

+ s los(y)
sin(y )J:lcng(J + )y

)c’y +u +a: + @+ sin(y)

el +y + log(z) +

e Tty
x+log(z +x) +y+

log(y+yry)

1
log(a)+log(yel+y

1
ToamiTerram(m) T L

Y+ sinfy + xa) + e
+sin(r) + 1

1

Tog()z. g

y +sin(x + x)rel
Fwy +y+e?

@+ i+ log(o)

; 1 ;
L‘£+mgxy+£
1

rsin(z) + x4+ o+ 1

sin(x )sm{y +ax+y)

1 .
ogty} sin(x) log(y) + 7]‘%'[”:1: m

1 Loy
,L*’““(JﬂL?}J) z+ J'E'y mfl + e
: L4 ereny e+ sin(y 1} sin(xr) 4 siny)sin(y + y + y) ve’ T Y Y+ e
log(z’) P at Tog () +sin{a+y] log(y)y + e¥sin(x) e’”ﬂ’*y sin(y) +e” + ae"’
E log(stin(y]Jrsmtzl y + rsin(z)log(z + x) Y o4 e
THe+yte iy el tat ety

mn(,- e +log(y)
log(y) + oy +¢" +#
L .
e eV Tsm(y)

y

1
O e
1

taty + T
log(z) sin(y + yx) yre

vt G T
vz + 3 +log(y +y) @+ + yrry
e log(x ) + sin(y) sin(T) e’ tlogly+u) +y+u
sinfx) 4+ + _,+=+' T+ % + sin(x)zx
.T+1og( )+J+ x y+yy+%lug(r)
Llog(y)e™e”

Iﬁg( y+a+ sin(x)y

% sin(y + y) + log(x)

yFsin(y)Fsin(z) Hlog ()
e*log(x) + L sin(y)

eV + el

m.[,

1 -
EmmEsE=L e
el et ety
N S
sin{yly+uy +u

1
e
1

s{zrt+a+u)ty

e’ +log(z +x +y)

i-l, +sin(x)e” + sin(x)

sin(y) + log(y) log(y + )
10" gy +xy)sin(y) +y
smgy T sin(y) +sin(y)x

= sinlr)
log(x)+log(=+y) 1 1
1 Tt ma T

) Tog(zz)
1

7}0@[1{1»1):1»19;;(:)

1l 1
sin(y)+z+sin{zy) Trery T Y

1 = .

Te¥ sn}(x) +log(y)
Tt L0g()
log(y + ) + y + log(z)y

y + sinfx) +

sin(zx)
1

S+ sin(y) log(x)

. 1

log () + sin() sin(zz)

[ M —

Lug(::]-i—:\m(u:-%—y)
stz T Ly 1

log(y) + = sin(y)+ev

y+1
ETTr L T Smw + sin(z) + log(z)

eV totytsinly) R
1 m log(y) + log(x) + sin(x) log(yx)
1 log(x) + 2 +yy +e”
e

sinfx) + log(e +y +a) +x 'ua(x) +

T + r+e
.x'eu +a+x
sin(z +y) + m
sin(xx) sin(zz + y)
Yy e+ sin(z) + x + log(y)
sin(y) + sin(yy) + L
sin(y) + ¢ + log(yy) +
+zz

Lw,(f)

y + sin(y) + xsin(y J+ﬁn(y )+ log(e +u) +y+y

Wy_ +e¥ + y
ur "‘ + |0€.(JJ)
e” sin(xay)x
w_wy + sin(z)
it 9m( +yy)
v+ o +
uy logl(zw)y



L sin(y) + 7oy

1
wryem(zy) T
1 % 3
e—,_:csm(m)e’
e*sin(y + ylyy
1
TW T FuvTy

log(:;)-ue sin(iz)

x+erT sin(x)
+y+log(y) +

1ovpey
—eVxe
v

log(y)

ﬁl(z) + ay + sin(x)
y +sin(y)y +u+ g
m + log(x ) + e!"
@ + Ty y+v
ot los(r + )
sin(x + y)eTay

yremw TV
]
+y

wytsin(y)ty
1

sin{y+a)yter
ysin(z) + e + Fnl(.?)

sin(z) + ¢ Ly

vt-l"(y)
y+ s'm(.r)r + ylog(x)
y+ yxx + y

alog(y) log(z

e¥ +sin(x)y +z +y
1
vloatutme Y
ayy + sinfa)e?
Yartsin(y) +uy

zlcg log( Jyx
yzx y+
log(ax)e! + 2
!—l’JJ.' sin(z + y)
sin(y + y)xe™
z+ Ly 4 sin(zy)

1 .
sin(y+r+7) + Sm(‘t)
r+zr+z+ sm{w)

et
1
log(y +a)+ P
+ eV + log(z)

sm(y)

log(y) + g +r+y+x
iz + log(x) sin(x)
log(zy + y)y + log(r)

wrnrer 7Y
sin(y)ax sin(y)w
sin(y) + —L,_H;il"m + log

10g(z}+%+y+1:+1‘
@+ xsin(z) + wsin(y)

vty + zr+y+y
1y+lus(y)+y +z
eV +log(x

z+me‘*+—

L1'+y+%;+e|' + T
L+ tysin(y)

@+ sin(zz) + log(zy)

¥ a4 x4 sin(x)

s los(y +u)
T+ Y
vty

STasaTTeE
sin(x) + yl + ™

1
z+ y+sm(x)+¢
log(f)J + '03;1(y+.t)
sm(z) + z+s|n(y)y
z—(—lng e sin(y) + e
ey v sin(y)
rsin(z +xz) +z + %
gy )

T+ sln(_;) + ISIH(J)
wy + log()y sin(x)
y+ely
1
_(_3_(”.; rax) HoR(T
T+ + T+ 5tz
vlog(a log(.r
e® 4 e + e¥sin(y)

Tog(y) emly) T e

log(y) sinfx)
x e’ 4 mz— + sin(x)

—(—k,;z) + sin(zz + y)

1
-y
e“el

erFsin(y) sinfer)
log(#) + oy + &

1, 1.y
T aelr

&+ gy les(y)
sin(y)z log(y + )y
1 T

o)

log(y)ye? + log(x)
vloglyy +u) +y
(I)ey +y+ @+ x -+ sinfy)

e"+

5 log()
< +y+log(y+1:) +y

Loy et

T+ % + log(yx)x

S S
log(z+y+yr+y)

et
y+ pyy + log(z)
T+

e+

1
ylog(yyy)
o sin(y) log( )

m
log(z) + uToEt)  rorw

IHUBE:J Fyiud
Y+ Ty + yr

ylog(x) + xa + e”
1
Toa(y+am * +z

T+ zsin(y)eV?

1 @
7 tretx

e "+ sin(y)y + log(x)
3 sin(x) log(z + y)

Ins(y

T+ Iog(y).r
I+I+

uty .
sin(zz) sin(z +:ry) e’ + slll(y ) log(y) + sin(y)
evlog(x + y) log(r)
zlog(r + z)

Togtyam + @ los(z)
1

log(n)

lozfwaev
ee’ev log(y)

1 .
& +eVsin(zx

+ s +log(x)
J:y + log(a:a: +y)

)

+L llog(a:)eJc

Lo Lo

e 4y + log(r) + ks

R 1
CrmEia e+ ¥

o+ log(w + x) + y + log(x)

Y+ gty F
1
Togly+yey)
rsin(z) +r+x+ 1

e

log(y)+e¥+sin(y) +u

log(x) sin(x)+e¥¥
e +log(y + =)y

Ty +xyr +y
1
log(x’ ie
sin(y)y + + Y
log(w) Iy ym
ye' 4+ log(y) +4

sin(z) +

B

sin{y+yle”
e’ + sin(a) + sin(y)

y+ é +sin(y + xx)
log(x) sin(zy)e?

1 1
vies@ T¥ T i
aw + log(y)e® +y

sin(yz + x)arx
lsin(jfy) +
- == 111
zm:;:(;; i;;n((j))
€+ L+ ey

yet +y

loglay +y+x+a)

sin(zy) + log(x + yy)
iyt

1

T + + sin(x)
y+ m(y+xw}+e
]ﬂg(ru +sin(z) 4 £
Y+ sin(x + z)ze?
e”"“" +y+e?
T+ .1:+:r:r +log(x)

sin(x) sin(y + x + y)
i

yyx + sin(y) sin(z)

1
1  + mEEEeEET

T lug(y)ﬂiniihsiniﬂ y + xsin(zx) log(z + x)
¥ X
T+ Y v 5 sin(y + y) + log(x)

zsm(y]e + log(x)
log(y) + ﬁiﬁ +e' +w
e +sin(y)
Sn(m)yen(e) T
log() sin(y + y)
y+ xy +sin(y) + e®

1
Toeltartay O
1
ysin{y)+sin{z)+log{y)
e* log(z) + L +s'm( )

y+w+ +

T
loz 1
¥ + sin(y+y)

et +sin(m)

log(x + xx)ye?

1
Flos{y+y)futy
sin(y) + W;-M) sin(x)
y+ e log(y) +

— i @ sin(a) sinfa)
Trsine) sin(z + y)
sinfr+x+y)+e +y log(y + 3{);; +::og(y)
m zy+log :.1591
7+ log(u) 4 vt EH T g
T tE W + .og(r,
e +et 1

log(y) + log(:cwy)

v
.
,um Tty ylog(z)e” + yx

— log(x) + y+ xzsin(yy + y)
y:c:c 2
R sm(»ny + y) oxlayer j—g(y +1)
z+ ye,, ysm(JJ sin(y)x
y+ smmﬂ + sin(x)
T eter +y ylog(z) sin(z) +y
vy L
st sty 0g(@) e 1+ SOn
y+y+loglzy) +sin(z)  Garr T oeam
e 4yt e T 1

sin{ay)y sin(z

sm(’y) +t a1 +sm( Vlog() + log(z)

ySin@et oG+ logly) + v + log(a)
&+ Lasin(x)
yy + Sm( )+ ay
yt g

Tl Lty

1
v+ g
yaysin(r) + L
log(y ) +sin(y) +
Wysm(mg)

y +sin(y) + xeVz
ze®¥ sin(rx)
1
Y+t TEsin(atr) Tryaty
yr+ L +logl(y +y) x4y -+ yzzy
e* log(x) + sin(y) sin(z) e +log(y +y) +y+y
sin(a )+m+y+;+y $+;,+Sin(.r)_£.c
z+log(z) +x+ Lz y+yy+—10g(x)
Llog(yjere”

iy T sz

sorer +los(y +v)
1 -

sin(x) + Sm(y + Ed + x +y) log(z) + zzzlog(r) log(y) sm(m) log( ) sin(y)

log(y)x + x + y + log(x)

+ log(y) log(x)

ksl y) et et e e b
J:e$+1$m+y v+ i ze_,,,+3:+1'

eTyter

sin(x +y) + m

log(y)y + ¥ sin(z) oo sin(zx) sin(zz + y)
¥+ + eVyy gt HogtaTyy (%) i WA lug(y)
4 Fsin(x)e” +sin(x) T yTemi) niy)

sin(y) + sin(yy) + 5
log(x) + 2+ yy +er Suly) T o+ loslyy) +
sin(x) + log(x +y + ) + 'Og(x) * 0&’.(1) Tz
OK(er-r)EHOB =) y+sin(y) + xrsin(y + fjm(y ) Hlog(x +y)+y+y
y+r+ o 5 Hloa(x) w4 loa(y) + rlog(:r + a:)lng(:) +log(x) + wlog(y)
u+ Vti+ o ,.m,

el + eV
sin(y) + log(y) log(y + x)
log(y + ay) sin(y) +y

1t o logly) +
1

e rnz) loa(wa)
1

l:n+bm(yyy)
Femy)sina) Sm(y)

sin(z) + e"x + W

log(zz) + sin(y + yy)

sin(y + yy) + sin(y)
T

1og(y + ayy) sin(y)
zz+1ngty trty

log(y) log(x)yy + ¥

asin(x) +y + xx
L +log(x) +e*
log(x + y) + log(y)ys

Iog(rr)mn(y)y

1
l . Tog(x)+ever
+ sin(y) + Tog i log(y) + log(x) log(y)e?

mam(y) d ‘-ury

mn(;)

v+ mm + 1 +sin(y) i — el Toaly) Tomta] Fe e
in(x)y Sm('y) +y 1 lof’(bx‘-i)-m_;y N y+et+y -I; log(yx) W log(y)
mﬂl( ) o) v lg +Z‘i11(y) Y +]3: - 8] ty y+sm(y)1: sin(y)
L 1 Yte* logiz) T s+ iyta+ log(x Y
w41 lUgE )+ ;;loﬂg(tzg) nles) u( ) Y
T ysin(yz + y)ev | TyFsm{y)sin(z) e 'ny log(y) )
i + ysin(x +y) Sm(;e)m-:yxtr‘yy +x  sinfy)+ =@ TI +1
i +
y -+ sinfx) + @ rr+ lng(l.ry) +y T+ 3\( 5+ v smile e
Ty + Y+ o e sors Flog(y +2)

veergs TV e +log(y)ay
1

y + yrsin(y) + e¥

Sl ty)sn() R * e y+ev 3T+ +sinl)y
sin(xr) + ylogle +y) + ¥ gin (x) + m + —ogiz+wf m + éy

‘%m(a:')sm( JE

1 —1
log(y) + T ETEEY ! t w 1 Og( )+ t+sm(yy)1 ewvT %U
N +""'(_5“_)+’” Smleta) T wer log(yz) log(y) +
CTYTUTETY og(z 4y + 2) + sin(x)z

Y+ T

et + m log(y
sin(z )+y1:zc'"

log(@) + 4=

log(y + m) log(x + u)
e
TR ; log(yy + ;,;)e

log(y) + log(a)y + log(y)““(y) tedeityty

! e"+:csm(y)
y + =

Zty

et et +101g(y) + log(y) Tamymen +los(ye)

i
sin(@) faoyfrta
sin(yz)eV +x +x
1

1 -
T T et

1
Lyt lo +
i TalaTastaITE y ty+log(y) +ay

Fray v sin(y) Er

¥ ey ryyey 3
ylog(x) +x + 25

y+z+a+ ymm
Trzerg¥

sin(y) + ye”
1

sin(y
TeRwED) verTog a) T3] 10%0(;:(+)zl :y w+ +E : fiy)
a + sin(x)x + sin(y) eyt o7 + x gl ! 10g( T
. . i ‘
log(y) + sin(x) + 1 sm(a:)%' + = Sm(y)y + P = o
sin(y)+a+sin(zy) yﬂw + xy 1@ N .
¢ +ev e e sin(x) + log(y) YE e T
log(r) + " ey log(o) ¢ sinfzay)z
ev @ log(y +u) +y+ 10g( Yy y+s_:y31':l'(s”iz) ]
Y+ —y+zi_+EJ 1ug(z)+sui:a;—y} y+ sm(m) + 37_5-1 — Y ] lyy
HMTM mlog(yzw) et + W u+ ““’l+ e
eV + log(xr +z +y) log(y) + sm(:)y +1 ¥oy+ Emm +sin(z) + log(z) TR Y



Genetic programming —N

OBEROSTERREICH

HeuristicLab
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Stopping
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A

Evaluation

Manipulation
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OBEROSTERREICH

* https://symreg.at

EXP(COS(SIN((-17X) + COS(COS(SIN(SIN(COS(LOG(((NaN"X) + (NaN)) / ((-1*X) + 6.3)MMI)



https://symreg.at/

White-Box Modeling

ReturnTemp(t) = SupplyTemp - (cn - Power + c1

~—MN

HeuristicLab OBEROSTERREICH

d(cs - SupplyTem
. Setpoint(t — 4) + (c2 - SupplyTemp)

- C3 +C4) - C5 + Cé

dt
co = 2.5585
c1= —1.7363
ca2 = 10.846
c3 = —1.0
cy= 488.31
3 c5 = 0.0014399
B.O455E+000
cg = 8.9455
1,4395E-003 —— ReturnTemp Estimated Values (training) —— Estimated Values (testy —— Estimated Values (all samples)
[
82,2144k

2, 3385E+H000

Powar
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Satpoint (t-4) 4.BRIIEH02

Multiplication,
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Model Simplification —M

OBEROSTERREICH

HeuristicLab

Simplification Methods

5l f6] |\ om on || on || o | on
* mathematical transformation -7 —
cation cation Blp ] ion n iom cation cation
| || || - B I~
[=( {1 =17 | = H = |2 |= SR
7| H 4 [ 3

9

* remove nodes :
* constant optimization HE HHE
* external optimization

Export

* textual export
* LaTeX, MatLab
* graphical export

Y=2=T1 Ty + T3 Ty + T5-Tg
‘|‘ZE1'CE7'$9—|—$3-$6'$1U
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Target Values

Model Evaluation

Regression

Al samples Training samples ~ +  Test samples
3.165
21452
-
1.1254 '. o
Rl ...... 3! A
0.1056 RS
. s AT
Ta% t
AR
-0.9142 .
o o 0
. o
e
-1 934
1.934 -0.9742 0.1056 1.1284 21452 3.765
Estimated Values
— fx) ~—— Estimated Values (test) —— Es )

OBEROSTERREICH

HeuristicLab

Classification

Estimated Values (training)

T raining
Test

0 100 200 300 400

Softwarepark Hagenberg - FH OOE - Research Group HEAL

Id Target Variable Estimated Values (3ll) Absolute Emor {3ll) Relative Emor (@ll)
Row 1 0 -0.0512475964 -0.244331255636236 0.193683295656236 | 0.730765931373734
Row 2 1 0.727651161 0.566348571537046 0.160742183462954 | 0.283521441135877
Row 3 2 -0.623794552 -0.235158714563106 0.388636277436894 | 1.65265522121487
Row 4 3 0.184169363 0.312577120202583 0.128407757202589 | 0.410803443065828
Row 5 4 -0.425409255 0.607464511486624 1.03287416648662 | 1.70030259683463
Row & 5 0.13440877 0.1350084713402134 0.000599643403133... | 0.00444152618358...
Row 7 6 0.723969158 1.02967884646345 0.305709688463453 | 0.296898095472629
FRow 8 7 -0.175612484 -0.096476538290749 0.079141945709251 | 0.820323232066462
Row S 3 0.412736644 0.559935700149158 0.1471990567491528 | 0.262885642244183
Row 10 3 0.321455414 0.391061335521024 0.0695959215210236 | 0.177966766045663
Row 11 10 0.492008676 0.412507348968929 0.0791013270310709 | 0.191571613410599
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Training Quality

Model Size

Visual Model Exploration

~—MN

HeuristicLab OBEROSTERREICH
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Example:
Virtual Sensors for Modeling Exhaust Gases

HeuristicLab OBEROSTERREICH

® 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.

NO,(t) = f(x1 (.7 X2(4.5) ---)

468,67
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Example:
Blast Furnace Modeling

~—MN

OBEROSTERREICH

HeuristicLab

x1 x2 x3 x4 %3 ¥
28.07845| 13.93902| 87.633%4| 20.07777| 63.00267| 250.4028
27.95657| 12.75236| 87.05083| 19.95878| 63.00894( 440.0825
25.43135| 23.03532| BB.32881| 21.98374| 74.99575| 292.6644
28.5034| 36.71041| 87.59461] 20.55528| 75.01106| 100.8683
23.03413) 46.5804| 79.38985| 18.67402| 80.31421 435.7738
20.97957) 41.52231) 73.32074| 21.49193| 79.98517| 288.5032
28.07431) 28.49076| 106.4166) 27.38095) 79.97826
28.00494| 36.33813| 104.7173| 27.99428( 75.00266
28.0274| 31.84306| 102.277| 28.81878| 78.1752
26.503| 27.67078| 93.81539| 21.29002| 62.99504
23.869| 27.25298| 93.67531| 24.54099( 80.00291

—flx) * y

EEU R R RN

f(X) \E‘ o

Model Prognosis

® 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

Softwarepark Hagenberg - FH OOE - Research Group HEAL 44



Integration of Expert Knowledge Ch

OBEROSTERREICH

HeuristicLab

®* Model Analysis

I'—
4‘-... ™y 120
3 6 100
. \"'-.\"- 80
> > 2 > 4 w > 6
]
0
1 2 2
1
0 | o™
L]
0 0 0 20
2 24 28 32 36 4 440 488 496 524 552 580 01 027 044 081 078 0% 01 022 034 046 058 07
X1 X2 X3 X4

* Knowledge Integration

* specification of known correlations
* model extension through algorithm

unknown
factors

unknown
factors
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Relative Variable Frequency

Holistic Knowledge Discovery

Variable interaction networks
* reveals non-linear correlations
Variable frequencies
° analyzed during the algorithm run
Variable frequencies
“’”\V}f TR s
0.05 ' V\ - — /J/m“/’;j;m'\;w,, J/
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Detection of Regime Shifts = .

OBEROSTERREICH

HeuristicLab

® Real-time Analytics (Streaming Data)
® Analysis of Variable Frequencies

* clearly shows that algorithm is able to detect which variables are relevant

fi(x,h) =xpx (h*xxa+ (1 —h) *x3)

— x1 x2 ——x3

08+

Relative Variable Frequency

0 100 200 300 400
Generations
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Kiinstliche Intelligenz - Mythos und Realitat
Wie wir die Zukunft mit Prescriptive Analytics gestalten

Michael Affenzeller
November 12t 2020

Q, MHEA
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Josef Ressel-Zentrum

HEUREKA!

Heuristic
Optimization in
Production and
Logistics
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JOSEF RESSEL CENTER FOR
'ADAPTIVE OPTIMIZATION IN DYNAMIC ENVIRONMENTS

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/

