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Hugo von Cluny, Mathilde von Tuszien und Heinrich IV. 
Miniatur aus der Handschrift Vita Mathildis (um 1115)

Ein Skateboard 
für den Papst 

oder 

Warum es maschinelles Lernen 
ohne Semantik so schwer hat



Ich sehe was, was Du nicht siehst - Aktuelle Möglichkeiten und Grenzen der künstlichen Intelligenz, Harald Sack, DGI PRaxistage 2018, Frankfurt, 09.11.2018  

“Jede hinreichend fortgeschrittene Technologie ist von 
  Magie nicht mehr zu unterscheiden.”

Arthur C. Clarke, Profiles of the Future  (1973)
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https://money.cnn.com/2017/03/03/technology/google-breast-cancer-ai/ 

https://money.cnn.com/2017/03/03/technology/google-breast-cancer-ai/
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http://www.telegraph.co.uk/science/2017/10/
18/alphago-zero-google-deepmind-supercomp
uter-learns-3000-years/ 6

http://www.telegraph.co.uk/science/2017/10/18/alphago-zero-google-deepmind-supercomputer-learns-3000-years/
http://www.telegraph.co.uk/science/2017/10/18/alphago-zero-google-deepmind-supercomputer-learns-3000-years/
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https://www.christies.com/features/A-collaboration-between-two-artists-one-human-one-a-machine-9332-1.aspx 
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8Wir neigen dazu, Technologie gerne zu überschätzen....

"...in from three to eight years we will have a machine with the general 
intelligence of an average human being", Marvin Minsky (1970)
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Aber woher kommt nun die “Magie”...?
Eine kurze Geschichte des maschinellen Lernens
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Von der Biologie zum Mathematischen Modell

Donald Hebb 
The Organization of Behaviour (1949)
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Von der Biologie zum Mathematischen Modell

Warren Sturgis McCulloch & Walter Pitts 
A Logical Calculus of the Ideas Immanent in Nervous Activity (1943)
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Perceptron Algorithmus

weight update

error

12

Frank Rosenblatt
The perceptron: a probabilistic model for information 

storage and organization in the brain. (1958)
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Learning by Example - MARK 1 Perceptron (1957)  

13
Perceptron for Image Recognition
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Der Siegeszug des konnektionistischen Paradigmas 

14
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Verfügbarkeit billiger Rechenkapazität mit GPUs
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Wiederverwendbare hochtrainierte komplexe Modelle
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Verfügbarkeit großer Mengen annotierter Trainingsdaten

“First, we find that the performance on vision tasks 
still increases linearly with orders of magnitude of 

training data size.” 
C. Sun at al, Revisiting Unreasonable Effectiveness of Data in Deep Learning Era, 2017
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Deep Learning für die visuelle Analyse

shallow                     deep

Large Scale Visual Recognition 

Challenge (ILSVRC)

http://image-net.org/challenges/LSVRC/ 

http://image-net.org/challenges/LSVRC/
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19Intelligence by Example

"Datasets — not algorithms — might be the key limiting factor 
to development of human-level artificial intelligence.” 

(Alexander Wissner-Gross, Edge.org, 2016)
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“Es ist der Geist, der sich den Körper baut.”
Friedrich Schiller, Wallensteins Tod (1799)
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https://junyanz.github.io/CycleGAN/images/teaser_high_res.jpg 

Generierung neuer Inhalte

https://junyanz.github.io/CycleGAN/images/teaser_high_res.jpg
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https://junyanz.github.io/CycleGAN/images/teaser_high_res.jpg 

Monet Photograph

Generierung neuer Inhalte

https://junyanz.github.io/CycleGAN/images/teaser_high_res.jpg
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Vergleichendes Lernen - Generative Adversarial Networks

Schmidthuber, 1992
Niemitalo, 2010
Goodfellow, 2014

Random 
Noise

Generator

Discriminator

Real
Images

Fake
Images

TRUE

FALSE

Training
Set
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Vom Klassifizieren zum Generieren

https://github.com/jantic/DeOldify https://github.com/jantic/DeOldify 

Generierung neuer Inhalte

https://github.com/jantic/DeOldify
https://github.com/jantic/DeOldify
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https://junyanz.github.io/CycleGAN/ 

Generierung neuer Inhalte

https://junyanz.github.io/CycleGAN/
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http://webdav.tuebingen.mpg.de/pixel/enhancenet/

Generierung neuer Inhalte

http://webdav.tuebingen.mpg.de/pixel/enhancenet/
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https://www.theverge.com/2016/12/23/14069382/ai-music-creativity-bach-deepbach-csl 
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“Es ist nicht genug, zu wissen, man muss auch anwenden.”
Johann Wolfgang von Goethe, Wilhelm Meisters Wanderjahre (1821/29) 
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Object Recognition

person
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Fine Grain Object Recognition

woman

windowwindow window

car

door

black and white picture
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car

Räumliche und semantische Analyse

woman

windowwindow window

car

door

window

woman

window window

door

Window    ⊑ ∃isPartOf.Car
Door      ⊑ ∃isPartOf.Car
Woman     ⊑ Person
Passenger ⊑ Person ⊓ ∃isTransportedBy.Car
...

External 
Knowledge
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Image Captioning

woman

windowwindow window

car

door

A black and white photo of a woman sitting in a 
car looking out the window

a woman sitting in a car

a woman looking out the window

a car with a door

a car with three windows

a black and white picture of a woman
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Question Answering

woman

windowwindow window

car

door

A black and white photo of a woman sitting in a 
car looking out the window

Who is sitting in the car? a woman

Who is on the picture? a woman

<Picture123> <hasColour> <blackAndWhite>
<Picture123> <contains> <Car123>
<Picture123> <contains> <Door123>
<Picture123> <contains> <Woman123>
<Picture123> <contains> <Window123A>
<Picture123> <contains> <Window123B>
<Picture123> <contains> <Window123C>
<Window123B> <contains> <Woman123>
<Woman123>   <sittingIn> <Car123>
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A Universe of Image Descriptions

woman

windowwindow window

car

door

Picture123

blackAndWhitehasColour

Car123

Door123

Woman123

Window123A

Window123B

Window123C

contains

contains

contains

contains

contains

contains

contains

sittingIn
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“Grau ist alle Theorie. Entscheidend is’ auf’m Platz. ”
Alfred ‘Adi’ Preißler, Borussia Dortmund (1956) 



Prof. Dr. Harald Sack: Ein Skateboard für den Papst - Warum es maschinelles Lernen so schwer hat ohne Semantik, Tagung Netzwerk machinelle Verfahren in der Erschließung, DNB Frankfurt, 11. Oktober 2019 
36

Indexing with Pretrained State-of-the-Art Models

(1) Image Captioning (resnet50, 5m iterations)

(2) Visual Concept Detection (based on ImageNet 1K)
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Image Captioning with Pretraine State-of-the-Art ModelsIndexing with Pretrained State-of-the-Art Models

(1) Image Captioning (resnet50, 5m iterations)

(2) Visual Concept Detection (based on ImageNet 1K)
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Image Captioning with Pretraine State-of-the-Art ModelsIndexing with Pretrained State-of-the-Art Models

(1) Image Captioning (resnet50, 5m iterations)

(2) Visual Concept Detection (based on ImageNet 1K)
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Image Captioning with Pretraine State-of-the-Art ModelsIndexing with Pretrained State-of-the-Art Models

(1) Image Captioning (resnet50, 5m iterations)

(2) Visual Concept Detection (based on ImageNet 1K)
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Indexing with Pretrained State-of-the-Art Models

(1) Image Captioning (resnet50, 5m iterations)

(2) Visual Concept Detection (based on ImageNet 1K)
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“Denn wer den Schatz, das Schöne, heben will, 
  Bedarf der höchsten Kunst: Magie der Weisen. ”

Johann Wolfgang von Goethe, Faust. Der Tragödie zweyter Theil (1832) 
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42 Carol Kaelson/Jeopardy Productions Inc., via Associated Press

Künstliche Intelligenz ist nicht nur Maschinelles Lernen

42

Artificial Intelligence

Machine Learning
Reasoning

NLP

Planning

Supervised
Learning

Unsupervised
Learning

Reinforcement
Learning

Deep Learning
(Neural Networks)

“The Goal of AI is to develop 
  machines that behave as 
  though they were intelligent.”

- John McCarthy (1955)
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The Renaissance of “Soft” AI
Carol Kaelson/Jeopardy Productions Inc., via Associated Press

Symbolische Wissensrepräsentation 
mit Wissensgraphen
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Combining Deep Learning and Semantics

a person holding a skateboard

Metadaten
Titel: Vita Mathildis 
Autor: Donizio
Datum: 1115
Ort Bibliotheca Apostolica Vaticana...

Automated Image captioning:

1950s

wdt:P571

sports 
equipment

wdt:P271

skateboarder

wdt:P1531

athlete

wdt:P279

sports 

wdt:P366

Entity Linking
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Combining Deep Learning and Semantics 

a person holding a skateboard

Automated Image captioning:

Entity Linking

Temporal Signature
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Take Home Messages:

● Deep Learning hat unser Leben 
verändert (und wird es weiterhin)

● Die Ergebnisqualität hängt stets von 
den verfügbaren Trainingsdaten ab

● Out-of-the-box Deep Learning 
Modelle sind einfach zu nutzen und 
funktionieren erstaunlich gut 
(...meistens)

● Deep Learning kann von Semantik 
profitieren 
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Ein Skateboard 
für den Papst 

oder 

Warum es maschinelles Lernen 
ohne Semantik so schwer hat

Prof. Dr. Harald Sack

harald.sack@fiz-karlsruhe.de

twitter: lysander07

mailto:harald.sack@fiz-karlsruhe.de
https://twitter.com/lysander07
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Der Kluge Hans Effekt 
Oder warum wir Maschinellem Lernen nicht immer trauen sollten 

https://commons.wikimedia.org/wiki/File:Osten_und_Hans.jpg

https://commons.wikimedia.org/wiki/File:Osten_und_Hans.jpg

