
MATHEMATICS 305PRIVATE 
  EXAM 1


OCTOBER 17, 2008
You may take one week on this exam and consult notes, books and me. You may not discuss this exam with other classmates. Hand in by Friday, October 24.
1. a. Formulate a linear programming model for the problem posed in the following poem.  
       b. Identify all corner points and their corresponding solutions.  Solve by determining which are feasible and 
            which is optimal. This (algebraic) method does not use a graph to determine CFS, rather it takes all pairs of  

            defining equations.
       c.  Construct the augmented system and find, from the answers to b, the corresponding basic solutions.

       d. How do the assumptions of linear programming apply to this problem?


Serendipity


The three princes of Serendip


Went on a little trip.


They could not carry too much weight;


More than 300 pounds made them hesitate.


They planned to the ounce.  When they returned to Ceylon


They discovered that their supplies were just about gone


When to their joy, Prince William found


A pile of coconuts on the ground.


"Each will bring 60 rupees," said Prince Richard with a grin


As he almost tripped over a lion skin.


"Look out!" cried Prince Robert with glee


As he spied some more lion skins under a tree.


"These are worth even more: 300 rupees each


If we can just carry them down to the beach."


Each skin weighed fifteen pounds and each coconut five,


But they carried them all and made it alive.


The boat back to the island was very small


15 cubic feet baggage capacity--that was all.


Each lion skin took up one cubic foot


While eight coconuts the same space took.


With everything stowed they headed to sea


And on the way calculated what their new wealth might be.


"Eureka!" cried Prince Robert. "Our worth is so great


That there's no other way we could return in this state.


Any other skins or nut which we might have brought


Would have made us poorer.  And now I know what--


I'll write my friend Horace in England, for surely,


Only he can appreciate our serendipity.

2. An LP whose goal is to maximize the objective function  Z = c1x1 + c2x2 + c3x3  
     leads to the following simplex tableau for the bfs  (10,0,0,0,10).  
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a.  Give two optimal solutions. 
b.  Describe all the optimal solutions.  
c.  Determine the possible coefficients c1, c2, c3.   
3. a.  Convert to standard form and construct the first simplex table (identifying the first BFS) for the 

           following problem.

           minimize   Z =  2x1    -  3x2  +     x3  

           subject to



            x1              +    4x3  >   3

    

         2 x1   -   x2   +      x3   <   7

     

            x1  >  0,  x2 > -5,  x3 > 0
       b.  Show the results of the first iteration of the simplex method on this table.  
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       c.   Explain what happens when you attempt the next iteration.
4. The following is a resource requirement table for a three product firm:

      

     Product 1         Product 2          Product 3     

      Resource 1

 5

5

10



      Resource 2

10

8

 5



      Resource 3

10

5

 0



    1000, 2000, and 500 units of resources 1, 2, and 3 are available.  Revenues are 100, 200, and 50 

    dollars for products 1, 2, and 3 respectively.

    a.  Determine the optimal production levels for each product and the maximum revenue subject to these

         product limitations.
    b. You have the opportunity to purchase as many more units of resource 3 as you wish for $20 per unit. 

        Should you increase your production levels?  If so, to what?
    c.  You suspect the figure for revenue per unit of product 1 is in error.  Determine the range of  its values
         within which the original optimal solution will not change.
     d.  You suspect the figure for revenue per unit of product 2 is in error.  Determine the range of its values
          within which the original optimal solution will not change.

    e.  How would the solution to a. be affected if the column for product 1 resource inputs were replaced by
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    f.  What would occur if management stipulated that at least 75 units of product 1 be produced?

5. a.  HenryCo manufactures stagecoach wheels. During each of the next 4 months they can sell up to 200, 500, 400, and 300 wheels. A wheel sells for $70. It requires 3 hours of labor and uses $4 of raw material. A worker is paid $1000 per month and can work up to 150 hours. At the beginning of month 1 HenryCo has 5 workers. Workers can be hired at the beginning of a month for $800 and fired for $600. A holding cost of $2 is assessed for each wheel held over at the end of a month. All demand that is not met during a month is lost. Construct the LP.
       b.  Solve this using LINDO and interpret the various pieces of the output.

6. a. The Auburn Hospital has 10 workers to cover emergency room admitting.  Assuming the following information, devise a linear program to determine how to staff the emergency room for the next 7 days admitting most economically.


wi   = the wage of worker i.


mij   = the minimum number of hours worker i can work on day j.


Mi j = the maximum number of hours worker i can work on day j.


nj   = the number of hours to cover on day j

              i = 1 to 10

              j = 1 to 7



b.  How are days off built into this model?  Are there any assumptions about the data necessary to assure there is 
     a feasible solution?
7. Devise a nontrivial application of linear programming.  Explain the variables and equations. Solve and interpret

      your solution.  

8. Explain why
a.  The simplex method applied to the TV problem does not find the optimum in the fewest iterations. 

b.  The coefficient in row 0 corresponding to slack variable i is the multiple of original row i added (indirectly) 
           to row 0.
      c.  Adjacent BFS have all but one basic variable in common. 

      d.  A BFS  has as many basic variables as there are constraints and as many non-basic variables as there 

           are original variables.
      e.  We use the big M method. 

      f.   AN LP has only a finite number of BFS 

SCORING:  5 points for each part of 1-6; 5-10 points for problem 7;  2 points for each part of problem  9.  Aim for problems totaling 100 points.
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