
CS 256 Neural Computation Spring 2005

Course Outline

References that are cited in red will likely be required reading. All cited books are available at the reserve
desk in the Bailey-Howe Library. This outline is subject to modification.

1 Introduction
• Philosophical Foundations

◦ Analog and digital computation [von Neumann, 1958].
◦ Artificial intelligence and perceptual problems [McCulloch and Pitts, 1947; Marr, 1982]
◦ Adaptive systems, and the curse of dimensionality [Bellman, 1961].

• Biological Neural Networks

◦ Anatomy & physiology of neurons and synapses [Dowling, 1992, pp. 1–124] [Shepherd, 1988,
pp. 1–150?]

• Artificial neural network models

◦ McCulloch-Pitts neurons [Minsky, 1967, Chapter 3][McCulloch and Pitts, 1943]
◦ Linear threshold units (LTUs) and perceptrons [Nilsson, 1990, pp. 1–13]; [Rosenblatt, 1962]
◦ Sigmoidal threshold functions [Rumelhart et al., 1994]
◦ Spiking units [Maass and Bishop, 1999, pp. 3–54] [Rieke et al., 1999]
◦ Practical applications [Widrow et al., 1994].

2 Hopfield Networks and Associative Memory
• Discrete time networks [Hopfield, 1982]
• Continuous time networks [Hopfield, 1985]
• Constraint satisfaction problems [Tank and Hopfield, 1987].

3 Perceptrons and Linear Threshold Units
• Feature space vs. weight space [Nilsson, 1990, pp. 65–68]
• Rosenblatt’s perceptron [Rosenblatt, 1962; Minsky and Papert, 1969] [Nilsson, 1990, pp. 69–94]
• The LMS rule [Widrow and Hoff, 1988]
• The statistical capacity of an LTU [Nilsson, 1990, pp. 15–42] [Cover, 1965].
• Computational-geometric limitations of a single perceptron. [Minsky and Papert, 1969]

4 Feed-Forward Neural Networks
• Multilayer architectures for pattern classification and function approximation.
• Kolmogorov’s theorem [Cybenko, 1989]
• Back-propagation algorithm [Rumelhart et al., 1986a,b]
• nettalk [Sejnowski and Rosenberg, 1986]
• Radial basis functions [Broomhead and Lowe, 1988].
• Statistical capacity of feed-forward networks [Baum, 1988]
• The problem of generalization:

◦ Cross-validation
◦ Learning invariants using the tangent distance [Simard et al., 1993]
◦ Optimal brain damage [Le Cun et al., 1990]
◦ Early stopping rules [Wang and Venkatesh, 1995]
◦ Support vector machines [Boser et al., 1992; Cristianini and Shawe-Taylor, 2000]
◦ Vapnik-Chervonenkis’s theory of generalization [Abu-Mostafa, 1989][Baum and Haussler, 1990]



5 Optimization by Simulated Annealing
• Monte Carlo computations [Metropolis et al., 1953]
• Simulated annealing [Kirkpatrick et al., 1983]
• Boltzmann machines [Ackley et al., 1985] [Hinton and Sejnowski, 1986]

6 Local Learning Rules and Self-Organization
• Principal component analysis (PCA) [Oja, 1982, 1989]
• Self-organizing feature maps [Kohonen, 1989, Chapter 5]

7 Reinforcement Learning
• Temporal difference algorithm [Sutton, 1988][Sutton and Barto, 1998]
• TD-Gammon [Tesauro, 1995]

8 The Complexity of Learning
• Supervised learning is NP-complete [Blum and Rivest, 1989; Judd, 1990]
• The PAC model of learning [Valiant, 1984][Kearns and Vazirani, 1995]
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