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COGS 107B       SYSTEMS NEUROBIOLOGY



NEURAL NETWORKS (CONNECTIONIST MODELS)

 Classes of network architectures

1) feedforward supervised learning models

· linear

· nonlinear (hidden unit layer) : XOR problem

2) backpropagation

3) attractor recurrent models

4) Hebbian models
· Behavior in terms of inputs and outputs; digital patterns
· 2 main concepts: 1) activation,  2) weight    (and units in various layers)
· very simplified models of brain function.
-    Training: by example, not by explicit rule
-    generalization

1) Feedforward networks
· the information flows from inputs to outputs, no feedback connections
· a 2-layer network containing an input and an output layer is called a perceptron 

· simple feedforward networks fail to solve XOR – overlapping categories
The XOR problem:   (exclusive Or)
This problem requires classification of different inputs as following:
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- Summation of inputs:





∑ = Ii * wij

-Training the network:  calculate the error on the output units, and modify connection strengths (weights) between them and the units from the layer below (e.g. input units): 
(supervised learning)

error output = desired - actual
· linear networks: e.g. feedforward networks that have only an input and an output layer and have a linear threshold (i.e. the unit only “fires” if its summed input is above a certain threshold). These networks cannot solve problems involving overlapping categories.
· Nonlinear networks: require a hidden unit layer, and have no linear threshold ( sigmoid function applied on output of units
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this multilayer perceptron CAN solve the XOR problem

2)  Backpropagation
Backpropagation allows the error on the output layer to be corrected by modifying the weights between the hidden unit layer and the output units.


Error hidden  = ∑output  error output * weight hidden, output
To solve XOR, you need a hidden layer, in addition to a nonlinear activation function – the sigmoid:


3)  Attractor networks
· achieve classification of input space without changing weights. 

· Feedback connections: units are interconnected in all possible ways

· Randomly pick out a unit, calculate its activation state by multiplying its input by its weights

· In a stable pattern, the obtained activation value is the same for all units that are selected. A stable pattern is called an attractor
· Psychological processes and attractor networks? ( recognizing prototypes

- Update rule:



Oj = [ 
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