Lecture XV
Overview of Duality in Mathematical Programming

L Derivation of the Dual Space
A. A simple linear problem

Max €,X, +C,X, + 3% + A, (b1 —a,, X, —a,Xx, —a13x3)

A, (bz Ay X —dyX, — a23x3)
1. In this framework x,, x,, and x; are choice variables or actions
such as levels of plantings.
2. A, and A, are shadow values or marginal values of each
resource constraint.
3. ¢, c,,and ¢, are objective value coefficients for each activity.

4. b, and b, are maximum resource levels (or right-hand sides).
5. The a; are resource use coefficients.
B. Distributing and recollecting
X, +e,x, +xy + b —Ahay x, —Ma,x, —hasx; +
Myby =Ry X = My, Xy — Ryl X,
bhy +b,h; + X0, — X100 — Xi@y hy + X6 — Xk = Xyaph, +
X303 = X303, — X3ap5h,
bh, +Dbh, +x (cl —a,h —a,h, ) +X, (cz —ayh —ayh, ) +
X (c3 — a3k — ayh, )

1. The transformed formulation yields the same optimum as the
first formulation, but it is a minimization problem.

2. The transformed problem minimizes the value of resources used
(A, ) in the solution.

C. Matrix formulation
L=cx+\'(b—Ax)
=c'x+A'b—NAx
=b'A+x'c—x'A'\
=b'A+x"(c—AN)
II. A nonlinear perspective
A. Working from the nonlinear problem

L :f(x)—k'(G(x)):
L :f(x*)+fo(x*)’x+7u'<G(x*)—VxG(x*)x)
:G(x*)'k+x’(vx () -v.6(x) xj+ £(x)



