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

“Any sufficiently advanced technology 
 is indistinguishable from magic.”

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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https://money.cnn.com/2017/03/03/technology/google-breast-cancer-ai/ 
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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/ 5

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/
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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https://www.christies.com/features/A-collaboration-between-two-artists-one-human-one-a-machine-9332-1.aspx
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https://www.technologyreview.com/s/613899/machine-learning-has-been-used-to-automatically-translate-long-lost-languages/
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https://maraoz.com/2020/07/18/openai-gpt3/
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...or do we simply have a tendency to overestimate technology?

"...in from three to eight years we will have a machine with the general 
intelligence of an average human being", Marvin Minsky (1970)

9

Are we all doomed…?
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“Nothing succeeds like success.”
Alexandre Dumas, Ange Pitou, Vol.I (1854)
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Transferring Biology into a Mathematical Model 

11
(Dendrites)  (Soma)       (Axon)

Donald Hebb (1940)
McCulloch & Pitts (1943)

11
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Cognitive Computing - The MARK 1 Perceptron 
(Rosenblatt, 1957)

weight update

error

12
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The Triumph of the Connectionist Paradigm 

13
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“90% of most Magic merely consists of 
  knowing one extra fact.”

Terry Pratchett, Night Watch (2002)
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(1) Availability of cheap computing capacity with GPUs

Why has Deep Learning become so successful?
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(2)  Reusable Highly Trained Complex Models

16
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(3) Availability of Large Scale Labeled Data

“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 for Visual Analysis

shallow                     deep

Large Scale Visual Recognition 

Challenge (ILSVRC)

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

18

http://image-net.org/challenges/LSVRC/
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"Datasets — not algorithms — might be the key limiting factor 
to development of human-level artificial intelligence.” 

(Alexander Wissner-Gross, Edge.org, 2016)

19
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“Creation is never complete. 
  It started once, but it will never stop.”

Immanuel Kant, General Natural History and Theory of Heaven (1755)
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Leon A. Gatys, Alexander S. Ecker, Matthias Bethge:

A Neural Algorithm of Artistic Style. CoRR abs/1508.06576 (2015)From Classification to Generation

21

https://arxiv.org/abs/1508.06576
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https://junyanz.github.io/CycleGAN/images/teaser_high_res.jpg 

Monet Photograph

Creation of New Content - Cross Domain Transfer

22

https://junyanz.github.io/CycleGAN/images/teaser_high_res.jpg
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Comparative Learning - Generative Adversarial Networks

https://towardsdatascience.com/generative-adversarial-networks-explained-34472718707a 

Schmidthuber, 1992
Niemitalo, 2010
Goodfellow, 2014

Random 
Noise

Generator

Discriminator

Real
Images

Fake
Images

TRUE

FALSE

Training
Set
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https://towardsdatascience.com/generative-adversarial-networks-explained-34472718707a
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https://junyanz.github.io/CycleGAN/ 

Creation of New Content - Cross Domain Transfer

https://junyanz.github.io/CycleGAN/
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Vom Klassifizieren zum Generieren

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

Generation of New Content - Colourization

https://github.com/jantic/DeOldify
https://github.com/jantic/DeOldify
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https://arxiv.org/pdf/1609.04802.pdf 

Generation of New Content - Super Resolution

26

https://arxiv.org/pdf/1609.04802.pdf
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 Generation of New Content - Image Completion
https://syncedreview.com/2020/06/18/from-texts-to-kitties-openais-gpt-language-model-tackles-image-generation/ 

https://syncedreview.com/2020/06/18/from-texts-to-kitties-openais-gpt-language-model-tackles-image-generation/
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 Generation of New Content - Text to Images

Han Zhang, Tao Xu, Hongsheng Li, Shaoting Zhang, Xiaogang Wang, Xiaolei Huang, Dimitris N. Metaxas:

StackGAN++: Realistic Image Synthesis with Stacked Generative Adversarial Networks. 

CoRR abs/1710.10916 (2017) 28

https://arxiv.org/abs/1612.03242
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https://www.theverge.com/2016/12/23/14069382/ai-music-creativity-bach-deepbach-csl 

https://www.theverge.com/2016/12/23/14069382/ai-music-creativity-bach-deepbach-csl
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https://www.youtube.com/watch?v=MwtVkPKx3RA 

http://www.youtube.com/watch?v=CNNmBtNcccE
https://www.youtube.com/watch?v=MwtVkPKx3RA
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31

● Near-human to superhuman level image classification

● Near-human level speech recognition

● Near-human level handwriting transcription

● Improved machine translation

● Improved text-to-speech conversion

● Digital assistants with speech interface

● Near-human level autonomous driving

● Superhuman Go playing

What Deep Learning has achieved so far

31
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The Clever Hans Effect 
or Why we shouldn’t always trust ML

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

https://commons.wikimedia.org/wiki/File:Osten_und_Hans.jpg
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“First rule of magic: Don't let anyone know your real name.”
Neil Gaiman, The Invisible Labyrinth (1990)
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Carol Kaelson/Jeopardy Productions Inc., via Associated Press

Artificial Intelligence vs Machine Learning

34

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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Indexing with Pretrained State-of-the-Art Models

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

(2) Visual Concept Detection (based on ImageNet 1K)

Abbot Hugo de Cluny,  Margravine Mathilda of Tuscany and Henry IV, 
miniature from the manuscript Vita Mathildis (c 1115)
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The Universal Categories - Aristotle (384–322 BCE)
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38 https://upload.wikimedia.org/wikipedia/commons/c/ce/Gottfried_Wilhelm_Leibniz%2C_Bernhard_Christoph_Francke.jpg

Calculemus!

Calculus Ratiocinator - Gottfried Wilhelm Leibniz (1646-1716)

The only way to rectify our 
reasonings is to make them as 
tangible as those of the 
Mathematicians, so that we can 
find our error at a glance, and 
when there are disputes among 
persons, we can simply say: 
Let us calculate [calculemus], 
without further ado, to see who is 
right.

Leibniz in a letter to Ph. J. Spener, Juli 1687
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Begriffsschrift - Gottlob Frege (1848-1925)
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40https://www.flickr.com/photos/x-ray_delta_one/4128131032 

Frame Logic for Knowledge Representation - Marvin Minsky (1974)

https://www.flickr.com/photos/x-ray_delta_one/4128131032
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DIKW Pyramid

What is an Ontology?

„A theory of being, which tries to explain the being 
itself, by developing a system of universal categories 
and their intrinsic relationships...“

Ontologies 

[7]

An ontology is an 
explicit, formal specification of a shared conceptualization. 

according to Thomas R. Gruber: A Translation Approach to Portable Ontology Specifications. 
Knowledge Acquisition, 5(2):199-220, 1993.
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DIKW Pyramid

What is an Ontology?

„A theory of being, which tries to explain the being 
itself, by developing a system of universal categories 
and their intrinsic relationships...“

What is an Ontology?

[7]

conceptualization:  abstract model
        (domain, identified relevant concepts, relations)

explicit:          meaning of all concepts must be defined

formal:                          machine understandable

shared:                consensus about ontology

An ontology is an 
explicit, formal specification of a shared conceptualization. 

according to Thomas R. Gruber: A Translation Approach to Portable Ontology Specifications. 
Knowledge Acquisition, 5(2):199-220, 1993.
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The Renaissance of “Soft” AI
Carol Kaelson/Jeopardy Productions Inc., via Associated Press

From Linked Data to Knowledge Graphs
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T. Tietz, J. Jäger, J. Waitelonis, H. Sack, Semantic Annotation and Information Visualization for Blogposts with refer, (VOILA 2016)

Knowledge Graph Applications

Semantic & 
Exploratory 
Search

Recommender 
Systems

Question 
Answering

Data 
Integration

Visualizations

http://scihi.org 

http://scihi.org
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“There ain’t no such thing as a free Lunch.”
       Robert A. Heinlein, The Moon is a Harsh Mistress (1966)
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 Generation of New Content - Text to Images

Han Zhang, Tao Xu, Hongsheng Li, Shaoting Zhang, Xiaogang Wang, Xiaolei Huang, Dimitris N. Metaxas:

StackGAN++: Realistic Image Synthesis with Stacked Generative Adversarial Networks. 

CoRR abs/1710.10916 (2017) 46

https://arxiv.org/abs/1612.03242
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 Generation of New Content - Text to Images

Han Zhang, Tao Xu, Hongsheng Li, Shaoting Zhang, Xiaogang Wang, Xiaolei Huang, Dimitris N. Metaxas:

StackGAN++: Realistic Image Synthesis with Stacked Generative Adversarial Networks. 

CoRR abs/1710.10916 (2017) 47

https://arxiv.org/abs/1612.03242
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Now let’s go for something more General ...

http://t2i.cvalenzuelab.com/ 

http://t2i.cvalenzuelab.com/
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http://t2i.cvalenzuelab.com/
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http://t2i.cvalenzuelab.com/ 

http://t2i.cvalenzuelab.com/
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“All for one, one for all, that is our motto.”
Alexandre Dumas, The Three Musketeers, (1844)
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The Renaissance of “Soft” AI
Carol Kaelson/Jeopardy Productions Inc., via Associated Press

Symbolic Knowledge Representation
with Ontologies 

and Knowledge Graphs

+            

Latent Knowledge Representation
with Deep Learning
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Metadata
title: Vita Mathildis 
author: Donizio
date: 1115
location: Bibliotheca Apostolica Vaticana...

Combining Deep Learning and Semantics

a person holding a skateboard

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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Knowledge Graph Based Exploration

http://scihi.org/

http://scihi.org/
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Knowledge Graph Based Exploration

https://w.wiki/CTJ 

https://w.wiki/CTJ
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Visual Embeddings

https://medium.com/@ahmed_elgammal/the-shape-of-art-history-in-the-eyes-of-the-machine-6c9090257263

https://medium.com/@ahmed_elgammal/the-shape-of-art-history-in-the-eyes-of-the-machine-6c9090257263
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Similarity Based Search and Exploration

http://scihi.org/

https://wikiview.net/

http://scihi.org/
https://wikiview.net/
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● Deep Learning is a game changer

● The quality of your achieved results always depends 

on the quality (and quantity) of your training data

● Deep Learning benefits from exploiting explicit Semantics

● Semantics benefits from leveraging Deep Learning 

Take Home Messages:



Prof. Dr. Harald Sack: Deep Learning and Semantics - the two Faces of AI, STN Basel Info Day, Oct. 26, 2020

Prof. Dr. Harald Sack

Deep Learning and Semantics

The two Faces of AI

harald.sack@fiz-karlsruhe.de

twitter: lysander07

STN Basel Info Day

26. Oct. 2020

“Technology presumes there's just one right way 
  to do things and there never is.”

Robert M. Pirsig, Zen and the Art of Motorcycle Maintenance (1974)

mailto:harald.sack@fiz-karlsruhe.de
https://twitter.com/lysander07
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