CAAM 560 R. Tapia, Instructor

Problem Set #3

TwW0

Use the variational inequality to solve the following e problems. Be reasonably
complete in your claims and your arguments.

1.

Prove Gordan's Theorem:

Theorem (Gordon, 1873) Let qy, ..., a,, € R™. Then either
1)) There exists z € R" such that (a;, z2)>0, i=1, ..., m, or

) There exist nonnegative A, .., Ay, , not all zero, such that
/lla] +... +A«mam =0.

i
i=]

m
Hint: Let S = {Alal +..+ Z.mam N }vl 2 O, ZA« = 1}

Consider the optimization problem

minimize J(a)={a, a) *)
subject to acs.

First, argue that Problem (*) always has a solution. Then suppose that (I) does
not hold. Use the variational inequality necessary condition to show that the

solution of Problem (*) must be a" =0. This establishes (ID).

Consider a random sample x, ..., x,, satisfying x; < x, <... < x,, and contained in
an interval (a, b). Let xg=aandx, =b. Let S(x, .., x,,;) denote the

subspace of L'[a, b] consisting of continuous functions which are linear on
[xl-, xm], i=0, .., m and vanish outside the interval (xp, X,,,;). Find the

maximum likelihood estimate corresponding to the subspace Sj(xq, ..., X,;41 ).
(Give it in closed form.)



3. Use the Euler-Lagrange equation to find the extremals of

’ 2
J()= JO-————“ 1+z )

dx; y(x,) =a, y(x)= ﬂ,

In solving the differential equation given by the Euler-Lagrange equation make
the change of variables

y =tan(f)
the solution in parametric form is

X =, sin(?)

y=c¢,—c,cos(t)

or eliminating ¢

2 2 2
x+(y—c,) =¢



