
Linear functions
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Function parameterization
This is VERY important in parametric statistical learning.

FOR PARAMETRIC MODELS, THE FUNCTION PARAMETERS ARE WHAT WE LEARN!!

Think of parameters as “knobs” we can turn to bend and shift the function “fit” the data
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Function transformations
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Demonstration of a function getting bent and shifted via parametrization
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Additional Examples
The following are common single variable parent functions
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Multi-variable function types
Scalar fields: .

IMPORTANT: In regression, the objective function is called the loss function  (or loss surface). For parametric modeling,

the loss surface is a scalar field over the model parameters. (e.g.   or  depending on the parameter notation).

 

Vector fields: .

IMPORTANT: The loss function’s gradient  in regression is a vector field.
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Slicing is a very important concept in multi-variable calculus. It is when you “freeze”
ALL variables, except one, and allow this variable to change independently

This process converts a multi-variable scalar field , into a
collection of single variable functions , in the
neighborhood of some point in the multi-dimensional space . The various functions
are single-variable because all other variables are “frozen” during their evaluation.
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Contour plots-1
Contour plots use slicing to create reduced dimensionality representations of higher
dimensional data

In this case, you freeze ONE variable, and visualize the effect of the variation in the
others.
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Contour plots-2
Example of a scalar field with many local minima and maxima
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Example: Partial differentiation
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The gradient
The gradient is the vector of partial derivatives 

The gradient vector around a point  points in the direction of maximum increase of
the function. This makes it incredibly useful for optimization

Gradient’s magnitude is the rate of change in the direction of maximal increase

The gradient can be thought of as an “operator” that acts on a function.
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Another example
Minima or maxima correspond to special  where ALL gradient components are zero

This is a necessary condition for find stationary points ∇ ( ) = = (0, 0,… , 0)



Multi-variable stationary points
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Multi-variable concavity
Similar to the 1D case, the function’s concavity control the type of stationary point  
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