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Piero Scaruffi 

• Cultural Historian 

• Cognitive Scientist 

• Blogger 
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• www.scaruffi.com 
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This is Part 2 

• See http://www.scaruffi.com/singular for the index of this 

Powerpoint presentation and links to the other parts 
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The A.I. Winter  

and the Return of Connectionism 



Neural Networks 

COMPUTER SCIENCE 

ARTIFICIAL INTELLIGENCE 

MACHINE 

LEARNING 

NEURAL 

NETWORKS 

DEEP 

LEARNING 



Neural Networks 

3 LAYERS 

MANY LAYERS 

(“DEEP”) 
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Neural Networks 

1979: Kunihiko Fukushima’s “Neocognitron”: the 
birth of convolutional neural networks 

 

 

 

 

 

 

 

Based on the cat’s visual system: 
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Neural Networks 

1979: Kunihiko Fukushima’s “Neocognitron” 
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Neural Networks 
1981: Andrew Barto's & Richard Sutton's reinforcement 

learning 



11 

Neural Networks 

1982: John Hopfield’s recurrent neural network 
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Neural Networks 

1982-84: John Hopfield’s recurrent neural 

network 
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Neural Networks 
1983: Terry Sejnowski's and Geoffrey Hinton's 

Boltzmann   machine 

 

1986: Paul Smolensky's Restricted Boltzmann 

machine 

Hopfield networks  
Multidirectional data flow 
Total integration between input and 
output data 
All neurons are linked between 
themselves 
Trained with or without supervision 
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Neural Networks 

1985: Judea Pearl's "Bayesian Networks“ 

(‘belief networks”) 

 

 

E.g.: 

 Stanford’s  Quick Medical Reference- 

Decision Theoretic project or QMR-DT (1991) 

    NASA Vista project (1992) 
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Neural Networks 
Backpropagation 

1982: David Parker (Stanford): learning-logic 

1985: Yann LeCun (France) 
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Neural Networks 
Backpropagation 

1986: David Rumelhart (San Diego) 

• Rummelhart network 

• Neurons arranged in layers, each neuron 

linked to neurons of the neighboring layers, 

but no links within the same layer 

• Requires training with supervision 
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Neural Networks 

Gradient Descent Methods 

Real Time Recurrent Learning (1987, Tony Robinson 

& Frank Fallside) 

Back Propagation Through Time (1988, Paul 

Werbos) 

Fast Forward Propagation (1991, CalTech) 

Green Function (1992, University of Maryland) 

Block Update (1989, Ronald Williams) 
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Neural Networks 

Gradient Descent Methods 
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Neural Networks 

Gradient Descent Methods 

Aiya-Parlos (2000, Amir Atiya & Alexander Parlos) 

unifies all of them 
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Neural Networks 
1986: Terry Sejnowski's NETtalk (based on 

backpropagation) 
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Neural Networks 

1986: Hinton and Sejnowski organize the first 

"Connectionist Summer School" at CMU  
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Neural Networks 

1987: Bernardo Huberman 
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Neural Networks 
Unsupervised Learning 

1986: David Zipser’s "autoencoder", an 

unsupervised neural network that is trained 

by backpropagation to output the input, or 

a very close approximation of it: 

autoencoders are actually powerful models 

for capturing characteristics of data. 
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Neural Networks 

Unsupervised Learning 

1986: Jeanny Herault’s and Christian 

Jutten’s independent component 

analysis 

1987: Dana Ballard uses unsupervised 

learning to build representations layer 

by layer (deep learning ante-litteram) 

1988: Ralph Linsker’s infomax method 

(information theory + neural networks) 

1988: Mark Plumbey (information theory 

+ neural networks) 
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Neural Networks 
Reinforcement Learning 

1989: Chris Watkins' Q-learning  
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Neural Networks 

Reinforcement Learning 

1992: Long-ji Lin’s “experience replay” 

1992: Ron Williams’ REINFORCE, a "policy 

gradient method"  
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Neural Networks 
1989: George Cybenko proves that neural networks 

can approximate continuous functions 
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Classifiers 
1985: Ross Quinlan’s ID3 

1993: Ross Quinlan’s C4.5 
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Classifiers 

• The support-vector machine 

– 1963: Vladimir Vapnik and Alexey 

Chervonenkis 

– 1975: Tomaso Poggio's polynomial kernel 

– 1987: Marc Mezard and Werner Krauth's 

minover 

– 1991: Isabelle Guyon pattern classification 

with SVMs 

– 1991: Corinna Cortes's soft-margin classifier 

– 1998: Thorsten Joachims text classifier 
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Classifiers 

• The support-vector machine 

Number of papers on SVMs 1998-2014 



31 

Classifiers 
1990: Robert Schapire's boosting 

1993: Ross Quinlan’s C4.5 

1995: Tin-Kam Ho's random forests 
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Classifiers 
1995: No Free Lunch theorems (David Wolpert) 

 No learning algorithm can excel at learning 

everything 
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Classifiers 
No Free Lunch in continuous domains? 

Auger/Teytaud: Yes 

Vose: No 



An Artificial Scientist? 

• Can an Artificial Intelligence win a Nobel Prize?  

• or file a patent for an invention? 



An Artificial Scientist? 

• Lawrence Hunter (2003 

AAAI talk): the publication 

of a paper in a peer-reviewed 

scientific journal is a better 

test for human-level 

intelligence than the Turing 

Test. 



An Artificial Scientist? 

• Hiroaki Kitano (October 2016):  

"Artificial Intelligence to Win the 

Nobel Prize and Beyond"  

• Grand challenge for AI: to 

develop a system capable of 

scientific research in the 

biomedical sciences that can 

discover something worthy of the 

Nobel Prize 



An Artificial Scientist? 

• Hiroaki Kitano 



Help! 

• 2016: more than 1.2 million papers were published in life 

science journals alone, on top of the 25 million already in print 

• A new article is being published every 30 seconds 

• On average a scientist reads about 264 papers per year 

• More than 70,000 papers have been published on the tumor 

suppressor p53 

Piero Scaruffi is one of the victims of information overload 



What is Scientific Discovery? 

1962: Saul Amarel’s "An Approach to Automatic Theory 

Formation"  

1962: Thomas Kuhn’s “The Structure of Scientific 

Revolutions” 

1965: Karl Popper’s "The Logic of Scientific Discovery"  

1966: Herbert Simon’s "Scientific Discovery and the 

Psychology of Problem Solving" 



What is Scientific Discovery? 

• The cognitive process that leads to novel, creative ideas: 

• the discovery of natural laws from experimental data 

• … i.e. the formation of theories that explain those data 

• … and then the design of experiments to confirm those 

theories. 



What is Scientific Discovery? 

• Kuhn: The history of science is a history of "paradigm 

shifts", of sudden realizations that old theories were 

wrong and a whole new way of thinking is required, a 

conceptual restructuring. 

 

PARADIGM 

SHIFTS 



The two schools of A.I. 

Artificial Intelligence (1956) 

• Knowledge-based approach uses 

mathematical logic to simulate the 

human mind 

 

 

• Neural-net approach simulates the 

structure of the brain 
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Programs for Theory Formation 

1970: Ed Feigenbaum and Bruce Buchanan’s Meta-

Dendral 

1976: Douglas Lenat's AM  

1977: Pat Langley’s  Bacon 

1978: Peter Friedland and Mark Stefik’s Molgen 

1986: Jan Zytkow’s Fahrenheit 

1986: Ryszard Michalski's Abacus 

1988: Deepak Kulkarni’s Kekada 

1990: Raul Valdes-Perez’s Mechem 

1990: Michael Sims’ IL 

 



Programs for Theory Formation 

1986:  Don Swanson’s literature-based knowledge discovery 

1,000 papers on fish oil 

2,000 papers on Raynaud’s syndrome 

Conclusion: fish oil may prevent  Raynaud’s syndrome 

1998: Swanson’s Arrowsmith 

 



Programs for Theory Formation 

1997: Faye Mitchell’s Daviccand 

1998: Simon Colton’s HR 



Programs for Theory Formation 

2004: Ross King’s "robot scientist“ Adam 



Programs for Theory Formation 

2007: Michael Schmidt’s Eureqa 



Programs for Theory Formation 

2009: Andrey Rzhetsky‘s “machine science” 

 



Programs for Theory Formation 

2009: Joshua Tenenbaum, Thomas Griffiths, Charles Kemp 

Probabilistic model of theory formation 



Programs for Theory Formation 

Joshua Tenenbaum 



Programs for Theory Formation 

2014: IBM and Baylor College: KnIT 

2015: Michael Levin's program 

 



Programs for Theory Formation 

The search for relevance 

Sparrho 

Meta 
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Neural Networks 
1989: Alex Waibel’s time-delay networks 
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Neural Networks 
1989: Yann LeCun 's convolutional neural network LeNet-1 

(backpropagation applied  to convolutional networks) 
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Neural Networks 

1998: Yann LeCun 's LeNet-5 
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Neural Networks 

Activation functions: binary, sigmoid, 

tanh, ReLu, etc 



Neural Networks 

Stateful networks: RNN 

• 1991: Hava Siegelmann’s and Eduardo 

Sontag's theorem (RNN=Turing Machine) 



Neural Networks 

Stateful networks: RNN 

• 1996: Mike Schuster and Kuldip Paliwal’s 

bidirectional recurrent neural networks 



Neural Networks 

Stateful networks: LSTM 

• 1997: Sepp Hochreiter's and Jeurgen 

Schmidhuber's Long Short Term Memory 

(LSTM) model 



Neural Networks 

Stateful networks: LSTM 

• 2002: Music composition 

• 2006: Alex Graves’ CTC for speech 

recognition 



Neural Networks 

• CNN vs RNN 

– CNN: a feed forward neural network with 4 kinds of layers: convolution layers 

(that extract features), ReLU layer, pooling  (that reduces the dimensionality) 

and a fully-connected layer  (that classifies) 

– RNN saves the output of a layer and feeds it back to the input, i.e. RNN 

considers the current input and also the previously received inputs 

– CNN takes a fixed -size inputs (typically a two-dimensional matrix) and 

generates fixed-size outputs (for example, a number) 

– RNN can handle arbitrary input/output lengths 

– CNNs are especially good at classification problems (e.g. object recognition) 

– RNNs are especially good at processing sequential data (e.g. speech 

recognition) 

– Example of a hybrid: generating the caption (description) of an image (the 

CNN classifies the image and the RNN generates the words) 



Neural Networks 

• Unsupervised learning 

– 1996: Bruno Olshausen’s sparse coding 

for autoencoders 

– 1992: Suzanna Becker’s imax 

– 1995: Geoffrey Hinton’s "wake-sleep" 

algorithm 

– 1995: Anthony Bell’s  improved infomax  

– 1996: Shunichi Amari’s infomax with 

natural gradient  



Neural Networks 

• Unsupervised learning 

– 1996: Bruno Olshausen’s sparse coding 

for autoencoders 



Neural Networks 

• Semi-supervised learning 

– David Yarowsky’s self-training (1995) 

– Avrim Blum’s and Tom Mitchell’s Co-

training (1998) 

– Zhi-Hua Zhou’s Tri-training (2005) 



Neural Networks 

Reservoir Computing: deep learning made practical 

• Herbert Jaeger‘s echo state networks (2001) 

• Wolfgang Maass  and Henry Markram’s liquid state 

machines (2002) 



Image Recognition 

2003: Gabriela Csurka's "Visual Categorization 

With Bags Of Keypoints" (submitted in 2003, 

published in 2004)  



Image Recognition 

2005: Dileep George & Jeff Hawkins’ 

hierarchical probabilistic model of the visual 

cortex 
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No need for Neural Nets 

1991: The Beier-Neely method to generate fake images 
(used in Michael Jackson’s video “Black and White”)  
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No need for Neural Nets 
1994: Ernst Dickmanns' self-driving car drives more than 

1,000 kms near the airport Charles-de-Gaulle in Paris  

 

 

 

 

 

1997: IBM's "Deep Blue" chess machine beats the world's 
chess champion, Garry Kasparov 
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No need for Neural Nets 
1998: Two Stanford students, Sergey Brin and Larry Page, 

publish the paper "The Anatomy of a Large-scale 
Hypertextual Web Search Engine" and launch the 
search engine Google   
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No need for Neural Nets 

• Statistical machine learning 

– 1990: Robert Schapire's boosting 

– 1991: Vladimir Vapnik’s SVM 

– 1993: Ross Quinlan’s C4.5 

– 1995: Tin-Kam Ho's random forests 

Number of papers on SVMs 1998-2014 
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No need for Neural Nets 

• Statistical machine learning (2016 survey) 
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No need for Neural Nets 
1999: David Lowe’s SIFT for computer vision 
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No need for Neural Nets 

• Computer Vision 

– Viola-Jones (2001) 

– HOG (2005) 

– DPM (2008) 



75 

No need for Neural Nets 

2005: Sebastian Thrun's driverless car Stanley wins DARPA's 
Grand Challenge  

 

 

 

2011: IBM's Watson debuts on a tv show 
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No need for Neural Nets 

2011: Apple Siri (2011) 

 

 

 

2014: Vladimir Veselov's and Eugene Demchenko's 
program Eugene Goostman, which simulates a 13-year-
old Ukrainian boy 
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Unsung Heroes: The datasets 

1990: Switchboard-1 Telephone Speech Corpus (TI) 

1991: Continuous Speech Recognition (CSR) Corpus 

1993: FERET (Army Research Lab) 

1994: ORL face dataset (Olivetti) 

1996: Broadcast News corpus 

1999: MNIST handwritten-digit dataset (NYU) 

2006: PASCAL VOC 

2007: Tiny Images Dataset (MIT) 

2007: Labeled Faces in the Wild (University of Massachusetts) 

2009: ImageNet 

2013: dataset of Atari games (University of Alberta) 

2014: COCO (Microsoft) 

2016: SQuAD (Stanford) 

2016: MARCO (Microsoft) 
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Unsung Heroes: The datasets 

Human Affective Datasets 
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Next… 

• See http://www.scaruffi.com/singular for the 

index of this Powerpoint presentation and 

links to the other parts 

 


