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CE317 : Computer Methods in Civil Engineering

Lecture 14(: Two-Dimensional Unconstrained Optimization:

Our objective is to find the minimum or maximum of a function of two variables say f(x,y). We will extend the Newton-Raphson method used for 1-d case to the present 2-d case. The procedure is explained below:
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where the matrix H is given by:
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So that the above equation becomes:
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In order to check whether the roots make f(x,y) maximum or minimum, we need to investigate second derivatives as follows:

If 
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>0, then f(x,y) has a local minimum.

If 
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<0, then f(x,y) has a local maximum.

If 
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< 0 , then f(x,y) has a saddle point.

In order to solve equations (1) and (2), we will apply the 2-d Newton-Raphson iterative equation which can be written as:
where all quantities on the right hand side of the above equation is evaluated at xi. 
Example 1

Determine the stationary points for the following function and check whether f becomes maximum or minimum at these points.
f(x) = 2 x y +2x -x2 -2y2
Solution:

1- Find 
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1- Assume the initial guesses for x and y:

x0 = 1, y0 = 1 and calculate x1, y1 using the above iterative equation:
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2- Repeat step 2 until convergence. How many iterations do we need for this problem?    










3- Check whether the solution gives minimum or maximum value of f(x,y). How?

Example 2Determine the stationary points for the following function and check whether f becomes maximum or minimum at these points.
f(x) = x4 + y4+2 x2 y2 -4x +3

Solution:

2- Find 
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3- Assume the initial guesses for x and y:

x0 = 1, y0 = 1 and calculate x1, y1 using the above iterative equation:
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4- Repeat step 2 until convergence. After 3 iterations, we get:

x( 3 )= 1.00546     y( 3 )= 0.0107369
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and after 4 iterations, we get:
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5- Check whether the solution gives minimum or maximum value of f(x,y). How?[image: image31.png]





























































































( Important: This handout is only a summery of the lecture. The student should take detailed notes during the class and refer to the textbook for more examples and discussion.
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