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Below is the computer solution to a linear programming problem linear programming:


[image: image1.emf]X1 X2 RHS Shadow 

Price

Maximize 40 30

Constraint 1 0.4 0.5<= 20 33.3333

Constraint 2 0.0 0.2<= 5 0

Constraint 3 0.6 0.3<= 21 44.4444

Solution 25 20

Variable Value Reduced 

Cost

Original 

Value

Lower 

Bound

Upper 

Bound

X1 25 0 40 24 60

X2 20 0 30 20 50

Constraint Shadow 

Price

Slack/ 

Surplus

Original 

Value

Lower 

Bound

Upper 

Bound

Constraint 1 33.3333 0 20 14.00 21.50

Constraint 2 0 1 5 4.00 Infinity

Constraint 3 44.4444 0 21 18.75 30.00

Sensitivity Analysis


For the above information, answer the following:

a)  What are the objective function and the constraints?

( Step 1: Identify the row and column vectors in above linear program. 

Row vectors (rows) are constraints and column vectors are related variables.

Now, simply multiply values in cells with respective column variable, which gives left hand side of the constraint. 

Objective function: Max: 40x1 + 30x2

Subject to

Constraint 1

0.4x1 + 0.5x2 <= 20

Constraint 2

0.2x2 <= 5

Constraint 1

0.6x1 + 0.3x2 <= 21

b)  What are the values of the variables at optimality and what is the value of the objective function at optimality?

· Values of the variables at optimality are given in solution row. X1 = 25 and x2 = 20

optimal value of objective function can be found by multiplying variable value with respective objective function coefficient in “maximize” row.

Optimal value of objective function = 40*25 + 30*20 = 1600 

c)  If there was an opportunity to purchase additional units of each resource (as expressed by the constraints), which resource(s) would you consider for purchase?  Why?  Identify all of the resources that you would consider.

( Only resources, which are binding need to be purchased. Binding resources can be identified easily by looking at slack or surplus values. Any resource with positive slack variable value is non-binding. In addition, any resources constraint with positive dual price or shadow price is binding. We can clearly see that constraints 1 and 2 have positive shadow price and therefore resources related to these constraints can be purchased. 

Shadow price indicates worth of each unit of that resource, which means by how much objective function value will increase fi additional unit of that resource is available.  If resource related to constraint is purchased then each additional unit of that resource will increase objective function value by 33.333. Similarly, each additional unit of resource in constraint 3 will increase objective function value by 44.4444. 

Purchase additional units of resources related to constraints 1 and 3 due to positive shadow prices.  

d) Of those resources that you identified in c), which would you purchase first?  Why?

( Constraint 3 resource because of higher shadow price compared to constraint 1. 

e)  If you did not identify a resource in c), explain why you did not select this resource?

( Resource related constraint 2 is not identified because of zero shadow price. Any additional units of this resource will not increase objective function value. 

f)  Suppose the contribution of variable X2 in the objective function increases by 10.  What are the values of the variables at optimality now and what is the value of the objective function at optimality with this change?  Use sensitivity analysis in answering this question and provide the sensitivity analysis information you used.     

( First identify lower and upper bound of objective function coefficient of variable X2. Lower bound = 20 and upper bound = 50, current value = 30 and therefore increase by 10 is within upper and lower bounds. Any value of objective function coefficient of variable X2 within these bounds will not change the optimal solution basis or product mix or variable with positive values at optimality. There will not be any change in values of the variables as these are constrained by resources. However, value fo objective function will change. New optimal objective function value = objective function coefficient of X1*value of X1 + new objective function coefficient of X2*value of X2 = 40*25 + 40*20 = 1800.
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				X1		X2				RHS		Shadow Price

		Maximize		40		30

		Constraint 1		0.4		0.5		<=		20		33.3333

		Constraint 2		0.0		0.2		<=		5		0

		Constraint 3		0.6		0.3		<=		21		44.4444

		Solution		25		20

		Sensitivity Analysis

		Variable		Value		Reduced Cost		Original Value		Lower Bound		Upper Bound

		X1		25		0		40		24		60

		X2		20		0		30		20		50

		Constraint		Shadow Price		Slack/ Surplus		Original Value		Lower Bound		Upper Bound

		Constraint 1		33.3333		0		20		14.00		21.50

		Constraint 2		0		1		5		4.00		Infinity

		Constraint 3		44.4444		0		21		18.75		30.00
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