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Maximum Log-likelihood Cost Func. 

  179 Negative Log-likelihood Prevents function from 

being saturated! (Vanishing Gradient) 



Conditional statistics Learning 

  180 

Instead of estimate the parameters, we estimate functions in order to 

minimize the cost function! In this case, the cost function is called a 

Functional.  

 

A Functional maps each function to a Real Number. 
 

This can be done using CALCULUS OF VARIATIONS 



Conditional statistics Learning 
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Mean Absolute Error and 

MSE combined with 

Gradient Opt. lead to 

Saturation Issue! 



Output Units: Linear  
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For Gaussian Distributions 

Not Saturated 



Output Units: sigmoid 
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For Bernoulli Distributions 

Used in: Binary Classification Problems 

Saturated  



Output Units: softmax 
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For Multinoulli Distributions 

Used in: Multi Classification Problems 

Saturated  

SUM = 1 



Output Units: softmax 
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For Multinoulli Distributions 

Used in: Multi Classification Problems 

When maximizing the log-likelihood, the first 

term encourages zi to be pushed up, while the second term encourages 

all of z to be pushed down  

 



Hidden Units: RELU 

  193 
The only difference between a linear unit and a rectified linear unit is that a rectified linear unit outputs 

zero across half its domain. This makes the derivatives through a rectified linear unit remain large 

whenever the unit is active. 

The gradients are not only large but also consistent. The second derivative of the rectifying operation is 

0 almost everywhere, and the derivative of the rectifying operation is 1 everywhere that the unit is 

active.  

 



Hidden Units 

  191 

How to choose the hidden units? 

RELU (Rectified Linear Function) is a good choice!  

Some of the hidden units included in this list are not actually differentiable at all input points.  

For example, the rectified linear function g (z) = max{0, z} is not differentiable at z = 0  

 

A function is differentiable at z only if both the left derivative and the right derivative are defined 

and equal to each other. The functions used in the context of neural networks usually have 

defined left derivatives and defined right derivatives. In the case of g(z) = max{0, z}, the left 

derivative at z = 0 is 0 and the right derivative is 1.  

It doesn’t cause any issue in gradient learning algorithm because most of the models won’t 

reach to the local minimum of the cost function and merely reach to zero gradient 



Hidden Units: Leaky RELU 
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Hidden Units: Absolute Value RELU 

  193 

When α = -1 to obtain g(z) = |z|.  

It is used for object recognition from images  

 

g(z, α) = max(0, z) + α min(0, i )  

Absolute value rectification 



Hidden Units: PRELU 
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When α  is a learnable parameter 

g(z, α) = max(0, z) + α min(0, i )  

Parametric RELU 



Hidden Units: Other Kinds of RELU 
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Hidden Units: maxout 

  194 



Hidden Units: maxout 

  194 

Each maxout unit is now parameterized by k weight vectors instead of just one, 

so maxout units typically need more regularization than rectified linear units. They can 

work well without regularization if the training set is large and the number of pieces per 

unit is kept low.  

If the features captured by n different linear filters can be summarized without losing 

information by taking the max over each group of k features, then the next layer can 

get by with k times fewer weights.  

Because each unit is driven by multiple filters, maxout units have some redundancy 

that helps them to resist a phenomenon called catastrophic forgetting in which 

neural networks forget how to perform tasks that they were trained on in the past.  

 



Hidden Units: tanh 
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Hidden Units: tanh 

  195 

When a sigmoidal activation function must be used, the hyperbolic tangent 

activation function typically performs better than the logistic sigmoid.  

It resembles the identity function more closely, in the sense that tanh(0) = 0 while 

σ(0) = 1/2. 



Other Hidden Units 
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Radial Based Function (RBF) 



Other Hidden Units 

  196 

Sotfplus 



Other Hidden Units 
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Hard tanh 

Similar to tanh and RELU. 

But, it contains bounds unlike RELU 



Architecture Design  
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How many Units? 

How many parameters? 

How many Depths (Layers)? 

Fully Connected or Not Fully Connected Model? 



Universal Approximation Theorem 
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A Feed Forward Network with a linear output layer and at least one 

hidden layer with any “squashing” activation function (such as the 

logistic sigmoid) can approximate any Borel measurable function from one 

finite-dimensional space to another with any desired non-zero amount of 

error, provided that the network is given enough hidden units.  

 

Any continuous function on a closed and bounded subset of R is Borel measurable 

and therefore may be approximated by a neural network  

 



Universal Approximation Theorem 
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Regardless of what function we are trying to learn, we know that a large MLP will be 

able to represent  this function. However, we are not guaranteed that the training 

algorithm will be able to learn that function.  

 The optimization algorithm used for training may not be able to find the value 

of the parameters that corresponds to the desired 

function.  

 

 Training algorithm might choose the wrong function due to over fitting  

 

TWO REASONS: 



Universal Approximation Theorem 
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Greater depth results in better generalization for a wide variety of tasks  



Universal Approximation Theorem 
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Depths Number  Priors than Parameters Number! 



Other Architectural Considerations  
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 How connect each unit to one another? Not Dense requires less 

parameters. 

 

 Convolutional NN for Image Processing 

 

 Feed Forward NN for Sequence Processing in Recurrent NN 




