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Motivation
Variational Approach to Numerical Algorithms



Motivation
Unconstrained Optimization Overview



Motivation
Example: Nonlinear Least-Squares



Motivation
Example: Maximum Likelihood Estimation



Motivation
Example: Maximum Likelihood Estimation (cont.)



Motivation
Example: Simulating Elastic Objects
• We discretize a square object by uniformly sampling a grid of  points.


• Internal structure is modeled using springs that connect nearby points.


• Each spring e follows a squared version of Hooke’s law:

N



Motivation
Example: Simulating Elastic Objects (cont.)
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Optimality
Global vs. Local Minima



Optimality
Differential Optimality: First-Order Condition



Optimality
Stationary Points and Second-Order Test

A function with many 
stationery points.



Optimality
Convexity and Global Optimality



Optimality
Quasi-Convexity
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One-Dimensional Strategies
Newton’s Method



One-Dimensional Strategies
Newton’s Method (cont.)



One-Dimensional Strategies
Beyond Newton: Secant and Parabolic Interpolation



One-Dimensional Strategies
Golden Section Search



One-Dimensional Strategies
Golden Section Search (cont.)

•  In each iteration, pick 2 points .x0 < x1



One-Dimensional Strategies
Golden Ratio Construction



One-Dimensional Strategies
Golden Section Search Algorithm



One-Dimensional Strategies
Golden Section Search Remarks
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