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Computational Optimization  Midterm  
March 4,  2003.   
 

1. (25 points)  For each of the statements below given an algebraic definition of a 
function that satisfies the statements. (A sketch is not sufficient).  The example 
should not be given as an example in the text or be constructed by changing 
constants of an example  in the text.    Note that the functions can have as many 
dimensions as you like.    Here is an example to get you started: 

                     F(x)  is a strictly convex  
                         F(x)=exp(-x) 

• F has global and local minimizers with distinct objective values.   
• F is convex and has multiple global minimizers. 
• F has at least one point that satisfies the first order necessary condition for a 

minimum, and the second order necessary condition for a minimum but not the 
second order sufficient condition for a minimum. 

• F is a one-dimensional function and that is not unimodular. 
• F is a function where you would recommend using steepest descent over 

Newton’s Method (justify your answer in words please).   
 



 
2. (25 points)  Consider the following problem for x∈R2: 
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Compute the global minima of this problem?  Prove that you have found the global 
minima.  Is the solution unique? 
 
If you used steepest descent on this problem starting from the point x=[0 0]’, what would 
be the first direction taken?   Give an estimate of the maximum error in the objective 
function after doing three iterations of steepest descent with exact line search? 
(Note don’t calculate the steps – just give a bound on the error in the objective value) 



 
 

 
 

3. (25 points)  Consider the following problem for x∈R2: 
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 We decide to optimize this problem using the following simple coordinate descent 
algorithm. 

a. Given x1 
b. For i = 1 to max iterations 
c.       Compute g=-∇f(xi) 
d.       If optimal then stop 
e.       Head in the direction of the most negative component of g. 
            More precisely if g1 is the first element of g and g2 is the  
             second element of g. 
             If g1<g2 then p = [-1 0]’ 
                          else  p = [0 –1]’ 

f.       
1i i i ix x pα+ = +  

              where iα  is computed by an exact line search. 
g.  end 

 
• Will the direction p computed at step e always be a descent direct?  Why or why 

not? 
• Starting with the point x1=[0 0]’.   Compute one iteration of this algorithm.  

Remember to do an EXACT line search not a back-tracking line search. 
• This algorithm may require many iterations (one pass through steps c-f) to solve 

this problem.  The conjugate gradient algorithm differs only in how p is chosen. 
How many iterations would a conjugate gradient algorithm take to solve this 
problem? No need to explicitly calculate the solution. 

 



4. (25 points) Consider the following sequence:  

 1
2k k

ka = −  

as k = 2,3,4,….. 
• What are the first three elements of this sequence? 
• What does this sequence converge too? (No proof required) 
• What is the rate of convergence?  Show how you derived this fact and give any 

rate constants that you find. 
 
  

 


