Duality

-With every LP maximization problem, there is an associated minimization problem and vice versa.

-The original problem is called the primal and the other is called the dual.

Properties of duality

1. If the primal is a maximization problem, the dual is a minimization problem, and vice versa.

2. An optimal solution to the dual exists only when the primal has an optimal solution, and vice versa.

3. Both the primal and dual problems have the same optimal value of the objective function.

4. The dual of the dual is the primal.

5. The solution of the dual problem can be obtained from the solution of the primal problem, and vice versa.

6. The dual variables may assume negative values.

Formulation of the dual

Objective
-If the primal is a maximization problem, then the dual is a minimization problem, and vice versa.

Decision variables
-For each constraint in the primal (not nonnegativity constraints), there is one decision variable in the dual.

Objective function
-The coefficient of each decision variable in the objective function of the dual is equal to the right-hand side of the corresponding constraint in the primal.

Constraints
-Before structuring the dual constraints, all primal constraints should be transformed to 
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 in maximization and 
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 in minimization.

-For each decision variable in the primal, there is a corresponding constraint in the dual.

-The right-hand side of the dual constraints is the same as the corresponding coefficients of the objective function in the primal.

Solution to the dual
-The dual problem can be solved using the same method used for the primal problem.

-When the primal is solved using the simplex method, the solution to the dual is automatically obtained.

-The final tableau of the primal’s solution provides both the optimal values of the primal and the dual problems.

-The optimal solution to the dual problem can be read directly in the 
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 row of the tableau. Let 
[image: image4.wmf]j

u

 be a dual variable. The optimal value of 
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) for the primal maximization and (
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Meaning of the dual variables

-The dual variables are called the shadow prices.

-The dual variables measure the change in the value of the objective function of the primal when one additional unit of a specific resource (the right-hand side) is added.

-The shadow price of the i
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 constraint is the amount by which the optimal z-value is improved (increased in the maximization problems and decreased in the minimization problems) if the right-hand side of the i
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 constraint is increased by one.

Finding the dual of a non-normal Max problem 
1. If the i
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 primal constraint is a 
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 constraint, then the corresponding dual variable 
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2. If the i
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 primal constraint is an equality constraint, then the corresponding dual variable 
[image: image16.wmf]i

u

 is unrestricted in sign. 

3. If the i
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 primal variable 
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 is unrestricted in sign, then the i
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  dual constraint will be an equality constraint. 

Finding the dual of a non-normal Min problem

1. If the i
[image: image20.wmf]th

 primal constraint is a 
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 constraint, then the corresponding dual variable 
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2. If the i
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 primal constraint is an equality constraint, then the corresponding dual variable 
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3. If the i
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 primal variable 
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  dual constraint will be an equality constraint. 

How to read the optimal dual solution from the 
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 row of the optimal tableau of the primal problem 

Primal Maximization Problem

For the primal 
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· Optimal value of dual variable 
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For the primal 
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 constraint 

· Optimal value of dual variable 
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For the primal = constraint

· Optimal value of dual variable 
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Primal Minimization Problem

For the primal 
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· Optimal value of dual variable 
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For the primal 
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· Optimal value of dual variable 
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· Optimal value of dual variable 
[image: image50.wmf]j

u

 = -(
[image: image51.wmf]j

j

z

c

-

)+M of the artificial variable 
[image: image52.wmf]j

a

                                                            

_1178448774.unknown

_1181888577.unknown

_1181902062.unknown

_1181902103.unknown

_1181902118.unknown

_1181902047.unknown

_1181888460.unknown

_1181888483.unknown

_1181888409.unknown

_1181886666.unknown

_1181886695.unknown

_1178448797.unknown

_1178448633.unknown

_1178448648.unknown

_1178448511.unknown

_1178448534.unknown

_1178447844.unknown

