Dual Problem and Its Meaning for Problem 2.7


The Dual Analysis involves looking at a situation from a different perspective.  For example, a maximization problem would become a minimization one.  The Dual Analysis allows an analyst to see the other side of a situation.  In Wilson Manufacturing’s case, they wanted to maximize their profits (7X1+10X2) while staying within their respective constraints.  The optimal value was calculated to be (360,300) yielding a profit of $5,520.  We can now turn the situation around and look at it as a minimization problem as well by looking at its dual.  The original maximization equation/problem is known as the Primal.  To calculate the Dual problem, the number of variables is calculated by looking at the number of constraints of the Primal.  Since we have 4 constraints, the Dual will have 4 variables.  Now the coefficients of the Dual will come from the right hand side of the constraints of the Primal.  The Dual also has some constraints.  The number of constraints is determined by the number the number of variables of the Primal.  Since the Primal has 2 variables, the Dual will have 2 constraints.  The coefficients of the Dual come from the coefficients of the constraints from the Primal.  The only thing to remember is that the row of coefficients of the Primal becomes the column of coefficients of the Dual.  Now the right hand side of the constraints comes from the coefficients of the maximization equation of the Primal.  Refer to the following equations to represent the transformation of the problem from maximization to minimization. 

Maximization



Minimization
7X1+10X2=5520


3600U1+960U2+500U3+500U4

Constraints



Constraints
X1≤500



5U1+1U2+U3≥7

X2≤500



6U1+2U2+U4≥10

5X1+6X2≤3600


Uj≥0 j=1,2,3,4

1X1+2X2≤960

	Variable
	U1
	U2
	U3
	U4
	Direction
	RHS

	Minimize
	3600
	960
	500
	500
	
	

	Cowhide
	5
	1
	1
	
	>=
	7

	Time
	6
	2
	
	1
	>=
	10

	Lower Bound
	0
	0
	0
	0
	
	

	Upper Bound
	M
	M
	M
	M
	
	

	Variable Type
	Continuous
	Continuous
	Continuous
	Continuous
	
	


	
	Decision Variable
	Solution Value
	Unit Cost 
	Total Contribution
	Reduced Cost
	Basis Status
	Allowable Min. c(j)
	Allowable Max. c(j)

	1
	U1
	1
	3,600.00
	3,600.00
	0
	basic
	2,880.00
	3,880.00

	2
	U2
	2
	960
	1,920.00
	0
	basic
	866.6667
	1,120.00

	3
	U3
	0
	500
	0
	140
	at bound
	360
	M

	4
	U4
	0
	500
	0
	200
	at bound
	300
	M

	
	Objective
	Function
	(Min.) =
	5,520.00
	
	
	
	


	
	Constraint
	LHS
	Direction
	RHS
	Surplus
	Shadow Price
	Allowable Min. RHS
	Allowable Max. RHS

	1
	Baseball
	7
	>=
	7
	0
	360
	5
	8.3333

	2
	Softball
	10
	>=
	10
	0
	300
	8.4
	14


As you can see, the Primal and Dual are directly related to each other.  In both cases, the optimal value is the same, which is always going to be the case. 

There are so many similarities that can be seen in both of the calculations showing how they are related to each other.  For example, the shadow prices in the maximization model represent the solution values in the minimization model.  The information pertaining to the maximum and minimum values for the object of the coefficient and RHS are switched between models as well.  For the most part, the problems are exactly the same except everything has switched places and that is because you are searching for the exact opposite answer, meaning maximization versus minimization.  The solutions were calculated as U1=1, U2=2, U3 = 0, and U4 = 0, with the optimal value being $5520 (same as primal problem, as expected).  

