CE317 : Computer Methods in Civil Engineering

Lecture 13(: One-Dimensional Unconstrained Optimization:

The stationary points of a 1-D function (Maxima & Minima)
Consider a function of one variable f(x). maxima (maximum point) or minima, f ’(x) = 0 i.e., the gradient is zero, hence these are called stationary points. 

What are local and global maxima and minima?
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At a maximum point the curvature is negative, i.e., f ’’ < 0 (2nd derivative less than zero) 

At a minimum point the curvature is positive, i.e., f ’’ > 0 (2nd derivative more than zero) 

In the simplest engineering design problem, we need to find the value(s) of a design variable, say x, that makes the function f(x) maximum or minimum. 

Solution Procedure:  The above objective can be achieved by setting f’(x) = 0, which means that we can use all the methods we have discussed earlier for finding the toots of functions. For example, the Newton’s method yields the following formula
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Then perform the following iterative procedure:

1- Assume an initial guess x0 and calculate the first estimate x1 from: 
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2- Repeat step 1 several times until convergence is achieved, i.e.
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 until Єa < Єs
Note that if f’’ = 0, the above procedure fails. However, we can approximate f’’ by the second order centered finite difference (similar to the secant method), i.e.
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where h is a very small number.

Note: The above procedure might lead to the local minima. Generally, we are after the global minima and therefore, the procedure has to be checked and repeated. How?

Example1: Use Newton-Raphson method to determine the value of x that maximize the function 
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 in the range {0 , 3}.

Solution

We need to find the first and 2nd derivatives:
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So that the iterative procedure for obtaining the maximum value of f(x) and its location becomes:
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The results for the first iterations are:

	Iter
	Xi
	f(Xi)
	f’(Xi)
	f’’ (Xi)
	εa(%)

	1
	1.
	1.5829
	0.8806
	-1.883
	31.87

	2
	1.4677
	1.7740
	-0.0002
	-2.189
	-2.80

	3
	1.4276
	1.7757
	0.0
	-2.179
	-0.006


Therefore x = 1.4276. 

Example2: Optimum Design of a 3-member Truss :

( 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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