Graphical Sensitivity Analysis (5.1)

Changes in an objective function coefficient ci

Z = c1 x1 + c2 x2   

How much can c2 change and keep the same optimal solution?
Note, Z will change, but not x1 and x2
 
Maximize Z =  15 x1   +  45 x2  
subject to:
		      		      x2     <    50
		          x1  +  1.6 x2    <  240
		     .5  x1   +    2 x2    <  162

 
Slope of isoprofit is  -15/45 = -1/3

How much would it have to tip to move from (184, 35) to (124, 50)?

Slope of inspection is -.5/2 = -1/4

Z = 15 x1 + 60 x2      parallels inspection constraint
        
          c2 can increase to 60 and keeps same solution (values for basic variables)

How much would it have to tip to move from (184, 35) to (240, 0)?
Slope of assembly is  - 1/1.6 = -5/8

Z =  15 x1 + 15 *(8/5) x2=  15+ 24y parallels assembly  constraint
        
24 < c2 <= 60 keeps same optimal solution

So, c2  can decrease by 21 or increase by 15.
See Lindo output.






Changes in the amount of a constraint limit (bi)
What if we could acquire more tv tubes? 
Moving b1 from 50 to 51?

What if we could acquire more inspection time (contstraint 3, b3)? 

Graphically:  .5 x1 + 2 x2= 162 + Δ 
shifts the line parallel and bumps into (160, 50), using up all resource 1.

.5(160 + 2(50) = 180 
 Δ = 18 
 		
Algebraically increasing inspection time, but staying on assembly constraint: solve
.5 x1 +     2 x2     =  162 + Δ      //inspection
	     x1 + 1.6 x2     =   240            //assembly

                         2.4 x2   = 324 + 2 Δ - 240 
 		                 =   84 + 2 Δ
                                x2   = 35 + .8333 Δ
                                x1   =   240- 1.6(35 + .8333 Δ)  = 184 - 1.33333 Δ

                Z = 15(124 + Δ) + 45(50) = 4110 + 15Δ

How far can we go until we hit the first constraint   x2   = 50?

35 + .8333 Δ = 50
 Δ = 18
(x1, x2) =  (184 - 1.33333 Δ , 35 + .8333 Δ) =  (160, 50) 
Similarly, decrease Δ until another constraint limit (x2= 0)  is reached at (240, 0).

	.5(240) + 2(0) = 162 + Δ
   	 Δ = -42
Allowable change in  -42 < Δ < 18 	 (see LINDO output)

Shadow Prices
How much is Z increased for each  additional unit of resource i?

Znew = 15(184 - 1.33333 Δ) + 45 (35 + .8333 Δ)  
        = Zorig - 20 Δ + 37.5 Δ 
         = Zorig + 17.5 Δ

17.5 is the shadow price of resource 3    (see LINDO output)
