
Neural Organization and 
Deep Neural Networks



AI functions of Neural 
Networks

• Fault tolerance


• Collective decisions 


• Combinatorial optimization 


• Parallel and distributed 
processes


• Predictions


• Visions


• Perception

• Natural language processes


• Acoustic processes


• Machine translation


• Motor control


• Classification: pattern recognition


• Neural Regressions and 
Approximation


• Pattern encoding and decoding


• Memory storage and association





http://134.208.26.59/INA/PottsNDA.pdf




http://caffe.berkeleyvision.org/installation.html


CNN in Matla 
MatConvNet

Swift/Xcode

iPhone

CNN Caffe

Python



http://www.vlfeat.org/matconvnet/
















iphone

mlmodel



Running on iphone



Mathematical 
Modeling of Neurons
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Two linear projections



Two-state binary 
neurons



First artificial neurons: The McCulloch-Pitts model 
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Nonlinear activation function 

Threshold

Widrow’s  ADALINE



http://134.208.26.59/INA/FAgadaline.pdf




Adaline networks

sign(x1 + x2) + sign(x1 − x2)





s ∈ {−1,1}











Gradients back-propagating

https://www.nature.com/articles/323533a0


y = f(x) = ∑
i

ritanh(aT
i x + bi) + r0



Multiple Inputs Multiple 
Outputs

∑



x0 w1 f w2 f w3

h1 = w1x0

h1 x1

h2 = w2x1

h2 x2

A Deep Neural Network with two hidden layers

x1 = f(h1) x2 = f(h2)

Feedforward propagating

y = h3 = w3x2



x0 w1 f w2 f w3

h1 = w1x0

h1 x1

h2 = w2x1

h2 x2

x1 = f(h1) x2 = f(h2)

y = h3 = wT
3x2

Gradients back-propagation
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h = wx
h = [h1, . . . , hm]T

x = [x1, . . . , xn]T

Wm×n

dh
dx

= [
dhi

dxj
]m×n = Wm×n



x = f(h) = tanh(h)

h = [h1, . . . , hm]T

x = [x1, . . . , xn]T

dxi

dhi
= 1 − tanh2(hi)

>> h = sym('h'); diff(tanh(h)) 
  
ans = 
  
1 - tanh(h)^2



Multi-state Potts 
Neurons



http://www.sciencedirect.com/science/article/pii/S0925231214002252


http://134.208.26.59/INA/PottsNDA.pdf


http://134.208.26.59/INA/PottsNDA.pdf


http://www.sciencedirect.com/science/article/pii/S0925231214002252




  denotes the probability of being the state mvm





Neural Organization
• Adaline


• Perceptron


• Receptive field


• Adaptive filter


• Receptive field


• Linear projection


• Sigmoid function


• Threshold function

• Radial basis function


• Normalization 


• Bilinear


• Winner take all


• Relu 


• Convolution


• Batch normalization


• Lattice structure


• A generative model

















A deep neural network filter
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One-dimensional convolution
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