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COGS 107B    SYSTEMS NEUROBIOLOGY

Today:
· Hebbian feedforward learning

· Development

· QUESTIONS, review for test #1

Note: Know all the formulae for all neural network types! E.g. weight change, summation of inputs, etc.
Hebbian feedforward learning:
· note that the learning is unsupervised – there is no calculation of an “error”, and no target/ desired output that is prespecified

· the model is based on the evidence of NDA channels acting as correlation detectors between PRE- and POSTsynaptic activity – i.e. between input and output
· Correlation = average of input * output many times, e.g.:
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zero correlation – etc.
· Hebbian learning starts with random noise (assumed to have zero correlation), e.g. activity in the fetus’s retina, prenatal activity.
· Assuming: 1) topographical, already established wiring between layers (eg: retina, LGN, V1), 2) 0-correlation input noise, and 3) a Hebb rule for ‘weight change’, Hebbian learning can explain the fact that newborn monkey, humans, etc. already have feature detectors, orientation selective cells, despite having seen nothing yet.

· Hebb rule:
Δwij = rate Ii Oj

Remember, the total output/summation of inputs is calculated by:

Oj = Σi Ii wij

Hence, 

Δwij = rate Ii [Σ Iother wother, j]
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If correlated, the weights will be turned up. The rate ensures that the weight change will be small, else will get wide oscillations in the weights. 
( structured noise, correlation will be created given these conditions 
· center-surround structures:

the reason why the weights/synapses in the 

center increase faster than those from the 

periphery is that the units in the center are
correlated AND their neighbors connect, 

whereas in the periphery, units are correlated 

BUT their neighbors do not connect. The emerging correlation at higher levels is not due to the fact that there is no correlation between the central  units and the peripheral units – which is due to the noise being random; rather, it is the connectivity patterns of central versus peripheral units.
· center-surround correlation (Mexican hat): cells immediately nearby the center are positively correlated, cells intermediately far away from the center are negatively correlated with those in the center, and cells far away from the center will have zero correlation with the center.
· Surround assumes weight-decay

Development:

Note: Practice drawings of brain at different developmental stages, know drawings from class
· Blastula – hollow ball of cells formed after the egg has subdivided – cells line the inside
· Gastrulation- developing of the blastula into a gastrula: inpocketing of the cells
· Neurulation- during neurulation, the neural plate buckles at its midline to form the neural fold, and floor plate cells form at the ventral midline.
· pons-midbrain junction: if above, body structures (e.g. eye, ear) will hook up to the opposite (contralateral) side of the brain; if below, body structures will hook up to the same (ipsilateral) side of the body (e.g. left foot connects to left hemisphere).

· Dorsal/ventral distinction: ventral = motor, dorsal = sensory  (most evident in spinal cord)

