LP What-If Analysis
Combined Report for Carpenter Problem
Adjusted for this problem
(Part A) Range for which the solution to the primal problem (optimal solution) remain unchanged 







Decision     Unit Profit       Total    Increase      Basis  
Allowable
Allowable

Vars. 

Value

        Profit

Min. c(j) 
Max. c(j)


X1
10.
5.
      50.

0
basic

1.5

6.
X2
20.
3.
     60.

0
basic

2.5

10.









Objective Function
(Max.) =
110.0










(Part B) Range for which the solution to the dual problem (shadow prices) remain unchanged 

 Left Hand
 Right Hand
Slack
Shadow
Allowable
Allowable







Prices

Min. RHS
Max. RHS


C1
40.
<=
40.

0
2.3333

25.

100.
C2
50.
<=
50.

0
0.3333

20.

80.
     Maximize 5 X1 + 3 X2,     c(1)X1 + c(2)X2 

          Subject to:

C1     2 X1 + X2    ( 40 
Labor constraint

 C2       X1 + 2 X2  (  50 
Raw material constraint

     
X1 (   0 , X2 (   0

The Optimal Solution is X1 = 10, X2 =20, with optimal value of 110.
The Dual:

Minimize  
40U1 + 50U2

Subject to:   
2U1+U2 ( 5, U1+ 2U2 ( 3, U1, U2  (   0
The Optimal Solution is U1 = 7/3, U2 =1/3, with optimal value of 110 (as expected)

A Few Managerial Questions:
1 - What is the optimal solution and optimal value for the problem?

2 - Which of the constraints are binding?

3 - What is the impact on the optimal solution and optimal value if we decrease the cost coefficient c(1)=5 to 5.6? Why?

4 - What is the shadow price for the RHS # 1.? How do you interpret it?

5 - What is the shadow price for the RHS # 2? How do you interpret it?

6 - What is the impact on the optimal value if we decrease the right-hand side of constraint 1 by 5?

7 - What are the solution and optimal value for the dual problem? Why?
8 - What is the impact on the optimal value if we increase the right-hand side of constraint 2 by 5?

True/False (why?):  "If any slack or surplus is not zero then its shadow price is zero"
True: when you have leftover of resource (e.g., slack none zero) you do not willing to buy extra units of that resource. Thus the shadow price for that resource is zero. Similar interpretation is valid for non-zero surplus.

What is a reduced cost? : Reduced cost, or opportunity cost, is the amount by which an objective function coefficient would have to improve (so increase for maximization problem, decrease for minimization problem) before it would be possible for a corresponding variable to assume a positive value in the optimal solution.
Structural Sensitivity Analysis:
1. Adding a New Constraint: The process: Insert the current optimal solution into the newly added constraint. If the constraint is not violated, the new constraint does NOT affect the optimal solution. Otherwise, the new problem must be resolved to obtain the new optimal solution.

Suppose every Table needs to Chairs, that is X2 = 2X1, e.g. having new constraint X2 - 2X1 = 0 Does this has any impact on the decision problem. No.

What about adding X2 - 4X1 = 0? 

2. Deleting a Constraint: The process: Determine if the constraint is a binding (i.e. active, important) constraint by finding whether its slack/surplus value is zero. If binding, deletion is very likely to change the current optimal solution. Delete the constraint and re-solve the problem. Otherwise, (if not a binding constraint) deletion will not affect the optimal solution.

Suppose the Carpenter moves to eastern shore where there is more than enough of raw material available. That is, deleting the second constraint. What is the impact on the solution?  Since this constraint is binding (it’s slack is zero, it is an important constraint, one re-solve the problem after deletion.
3. Adding a Variable (e.g., Introducing a new product): The coefficient of the new variable in the objective function, and the shadow prices of the resources provide information about marginal worth of resources and knowing the resource needs corresponding to the new variable, the decision can be made, e.g., if the new product is profitable or not.
The process: Compute what will be your loss if you produce the new product using the shadow price values (i.e., what goes into producing the new product). Then compare it with its net profit. If the profit is less than or equal to the amount of the loss then DO NOT produce the new product. Otherwise it is profitable to produce the new product. To find out the production level of the new product resolves the new problem.

Suppose a Tea Table can bring a net profit of $6 it needs 3 units of each resources, should it be produced?

What goes into Tea Table 3 (7/3) + 3 (1/3) = 8 it costs more that $6. Therefore, do not produce.

4. Deleting a Variable (e.g., Terminating a product): The process: If for the current optimal solution, the value of the deleted variable is zero, then the current optimal solution still is optimal without including that variable. Otherwise, delete the variable from the objective function and the constraints, and then resolve the new problem.

Suppose the Carpenter cannot sell any chair, what should he do?

Since currently he is producing X2 = 20 units, he should remove X2 everywhere from the problem and then resolve it for new optimal solution and optimal value. 
5. Replacing a Constraint:  What is the impact of replacing the constraint

2 X1 + X2   ( 40    with   X1 + X2    ( 30    ?
