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Concept of Duality

• Formalizes the concept of Lagrange multipliers 

• Optimization Problems has two perspectives: 
• Original (Primal) Problem
• Dual Problem

• The dual problem is always convex even when the primal problem is not

• The solution to the dual problem serves as a lower bound to the solution of 
the primal problem

• Duality Gap: the difference between the two solutions

• Duality gap is zero when the primal problem is convex and satisfy a constraint 
qualification



Lagrangian

Optimization problem

Does not need 
to be convex( )

Lagrangian

(Primal or Original Problem)



Lagrangian

Interpretation and Notes:

m p 

L(x, A, M) == fo(x) + L Aifi(x) + L Mjhj(x) 
i=l j=l 

• Lagrangian function appends the objective function and inorporates the 
constraint function as a weighted sum 

• Domain of Lagrangian function: D x Rm x RP 

• Lagrangian is an affine function of A and M 

f(x) == [!1 (x), !2(x), ... , fm(x)] 
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Lagrange Dual Function

Interpretation and Notes:



Lagrange Dual Function
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Lagrange Dual Function

Consequently,

g(A., J-L) == inf L(x, A., II.) / i ( ~ ~ r) 
xED ~ :::::- "- ' J 

m p 

L(X,A,JL) = fo(X) + LAdi(X) + LJLjhj(X) .$ fo ex:) 
i=l j=l I 

l -v= J L Jr----1 
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Example:

Linear Program:

.J_ ( ?t) A ) ,._) :::: c. T .,__ 

= J.AT1 

g (A, 11) == inf L ( x, A, 11) 
xED 

--
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Summary

Primal Optimization problem

Lagrangian:

Lagrange Dual Function:

Lower bound on the optimal value of the primal problem:

Q: What is the best lower bound?



Feedback: Questions or Comments?
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