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Example 1: Least Squares (1)
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Least Squares (2)

• Saddle point

• Kuhn-Tucker (KKT)
– In continuous problems, Euler-Lagrange equations

• Primal-Dual
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Weighted Least Squares
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Duality
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Example 2: Minimizing with Constraints

• Elimination / Idea of Lagrange
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Internal energy in the springs: 
Balance of internal/external forces: 

Constrained optimization problem: Minimize  subject to 

Lagrange function: , ,
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Linear Case

• Geometry
– Line is tangent to the ellipse

• Algebra
– Energy gradient: Ku = f
– Spring forces:

– Lagrange multiplier = sensitivity
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Fundamental Problem
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8.2 Regularized Least Squares
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3  nullspace method: solve  and look for the shortest solutionBu d
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Pseudoinverse
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8.3 Calculus of Variations

 

        

   

   

2

1minimize 0
2

1minimize 0
2

perturb  by a test function 

compare  with 0 for every admissible 

weak form for every :
Euler-Lagrange equation

T TP u u Ku u f P Ku f

PP u c u x f x u x dx
u

u x v x
PP u P u v v
u

v







     

     
 

  





 

 

strong form for every point: 

cu v dx fvdx

cu f

   


  

 



Computational Engineering Optimization - 13

1D Problem
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Example

         
 

Find the shortest path  between 0,  and 1, :  0  and 1

When the constraint is , find the shortest curve that has area  below it
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2D Problem
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Minimal Surface
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Nonlinear Equations
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