[image: image1.png]BSCS




[image: image2.png]BUDAPEST SEMESTER Hosted by historical Eétvés University
IN COGNITIVE SCIENCE Program for International Students (+361) 372 2024
For Undergraduates in Neighboring Disciplines
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	Lecturer’s name: Georg Dorffner
Position: Associate Professor

Organisation: Medical University Vienna, Center of Brain Research, Dept. Of Medical Cybernetics and AI
Address: Freyung 6/2, A-1010 Vienna, Austria
e-mail address: georg.dorffner@meduniwien.ac.at
Homepage: www.meduniwien.ac.at/user/georg.dorffner 




	Title of the course: Cognitive Neuroinformatics



	Detailed syllabus of the course, with topics addressed in each 90 minutes lecture (less than 2 pages):

Day 1:

1.1 Introduction – Overview of Neuroinformatics

· What is “neuroinformatics” and when is it “cognitive”?
· Biological neurons and neuronal networks from an IT perspective

· Mathematical neural network models – history and levels of abstraction

1.2 McCulloch & Pitts Models – architectures and computational aspects

· Neurons and logic

· The Perceptron

· The power of “Hidden Neurons”/Interneurons

· Loops and recurrent networks

1.3 Neurons and Representation

· The neuron as a (feature) detector

· Representing stimuli

· Internal representation in interneurons

· The concept of distributed representations

Day 2:

2.1 Learning in the McCulloch & Pitts paradigm

· The Hebbian learning rule

· The Delta rule

· Backpropagation and its biological plausibility
· Catastrophic forgetting

· So what do we know about learning?

2.2 Sample models from language

· The “past tense” learning model

· A model of deep dyslexia

2.3 Other learning paradigms

· Competitive learning

· Adaptive resonance theory

· Selforganizing maps

· Reinforcement learning

Day 3:
3.3  Challenges to the McCulloch and Pitts paradigm 

· Euclidean metrics and their limits

· Complex cognitive contexts in distributed representations

· The binding problem

· Double dissociations and modularity

3.1 Recurrent network as a dynamic paradigm

· Interactive activation

· Hopfield networks and attractors
· Reccurent perceptrons and state automata

· Learning syntactic behavior

· Human grammatical capabilities revisited

3.2 Exploring the dynamic paradigm

· Dynamical systems and chaos

· Bifurcations

· Chaotic attractors for representation

· Innateness in the dynamical paradigm

Day 4:
4.1 Spike Response Models

· Rate, population and single spike coding

· Spike-Timing Dependent Plasticity

· Synchronisation

· The binding problem revisited

4.2 Compartmental models and cognition

· Compartmental models and their capabilities

· Which details are relevant from a cognitive perspective?
· Abstraction and alternatives

4.3 Outlook and discussion

· Hot topics in future

· A research agenda

· Open discussion

Day 5:
Exam
Readings:

To be announced

Basic references:
· Eliasmith C., Anderson C.H.: Neural engineering, MIT Press 2003.

· Maass W., Bishop C.M.: Pulsed Neural Networks, MIT Press 1998. 

· Churchland P.S., Sejnowski T.J.: The Computational Brain, MIT Press, 1992. 

· Elman J.L., Bates E.A., Johnson M.H., Karmiloff-Smith A., Parisi D., Plunkett K.: Rethinking Innateness, MIT Press/Bradford Books, Cambridge/London, 1996.



	


	Background information on the web (optional):




	Short CV:

Since 1995
Associate Professor at the Dept. of Medical Cybernetics and Artificial Intelligence, 
                            Center for Brain Research, Medical University of Vienna (until 2004 University of Vienna)
Since 2002
Managing director of the spin-off company “The Siesta Group Schlafanalyse GmbH”
1988-2007
Head of the Neural Computation Group at the Austrian Research Institute for Artificial 
                            Intelligence
1994
              Habilitation (tenure) in Artificial Intelligence, University of Vienna

1987-1989
Ph.D. in Computer Science, Indiana University

1985-1987
M.S. in Computer Science, Indiana University

1981-1985
M.S. (Dipl.-Ing.) in Computer Science, Vienna University of Technology

1980-1985
M.S. (Dipl.-Ing.) in Communication Engineering, Vienna University of Technology


	Important publications (5-10):

1. Dorffner G.: Rationalität, Emotionalität und Körperlichkeit – Können Maschinen Menschen verstehen, und umgekehrt?, in Schmidinger H., Sedmak C. (eds): Topologien des Menschlichen, Wissenschaftliche Buchgesellschaft, Darmstadt, 2003.

2. Sykacek P., Dorffner G., Rappelsberger P., Zeitlhofer J.: Improving biosignal processing through modeling uncertainty: Bayes vs. non-Bayes in sleep staging, Applied Artificial Intelligence, 16(5)395-421, 2002.

3. Dorffner G., Bischof H., Hornik K. (eds.): ICANN 2001, International Conference on Artificial Neural Networks, Springer Verlag, Lecture Notes in Computer Science 2130, 2001.

4. Tino P., Dorffner G.: Predicting the future of discrete sequences from fractal representations of the past, Machine Learning 45, 187-217, 2001.

5. Parfitt S., Dorffner G., Tino P.: Graded grammaticality in Prediction Fractal Machines, in Solla S.A., et al.(eds.), Advances in Neural Information Processing Systems 12, MIT Press, Cambridge/Boston/London, pp. 52-58, 2000.

6. Dorffner G.: The subsymbolic approach to ANN-based natural language processing, in Dale R., et al., Handbook of Natural Language Processing, Marcel Dekker Inc., New York, pp. 785-822, 2000. 

7. Tino P., Dorffner G., Schittenkopf C.: Understanding State Space Organization in Recurrent Neural Networks with Iterative Function Systems Dynamics, In Hybrid Neural Symbolic Integration, (eds) S. Wermter, R. Sun. Springer Verlag, 2000, pp.255-269, 2000.
8. Dorffner G.: The connectionist route to embodiment and dynamicism, in Riegler A., Peschl M. (eds.): Does Representation Need Reality? Proceedings of "New Trends in Cognitive Science", Plenum Press, pp.23-32, 1999. 




	Anything else (course requirements, readings list, etc):




