EE 641 Midterm Exam
November 22, Fall 2010

Name: éz'{‘i&w /&‘Z gﬁ?@%{fﬁﬁg‘fi

Instructions

The following is an in-class closed-book exam.
e This exam contains 3 problems worth a total of 108 points.
e You may not use any notes, textbooks, or calculators.

Good luck.



Problem 1. (36pt)
Consider the p dimensional random vector, X, with distribution

T .
plx) = P {—51 Bx}

a) Give an expression for the normalizing constant z.
b) Assuming that X is a Markov random field with neighborhood system 0Os for s €

{1,---,p}, then specify which values of B must be zero.
c¢) Compute an expression for the conditional density p(xs|z, for r # s).

d) Compute an expression for the marginal density p(zs).
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Problem 2. (36pt)
Consider the function

f(ilf) = ‘:ZT - 177“‘1.1 :

for x € K.

a) Sketch a plot of f(x) when z, = 1.

b) Sketch a good substitute function, f(x; '), for z, = 1 and 2’ = 2.

¢) Determine a general expression for the substitute function f(z;z’) that works for any
value of z, and x’.

d) Assuming the objective is to minimize the expression
Flr) = . jLd
flx) = E |z — 2|,

reds

for # € R, specify an iterative algorithm in terms of the substitute function f(z;x") that will

converge to the global minimugl of the function. (You can write your solution in terms of

the function f(x;z’).) i\z | J}(j‘ﬁ ZL )
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Problem 3. (36pt)
Let {X,}\, be aiid. random varibles with distribution

P{X, =m} =1mn,

M—-1 " . : .
where Y o Tm = 1. Also, let Y}, be conditionally independent random variables given X,

with exponential conditional distribution

1
P(Yn|t, = m) = —exp {——y—n—} w(Yn)

Fm Hm,

where u(y,) is 1 for y,, > 0 and 0 otherwise.

a) Write out the density function for the vector Y.

b) What are the natural sufficient statistics for the complete data (X,Y)?

¢) Give an expression for the ML estimate of the parameter 6 = (7o, to,***, Ta-1, Lar—1)
given the complete data (X,Y).

d) Give the EM update equations for computing the ML estimate of the parameter 6§ =

(70, fos * * *» Tai—1, fhar—1) given the incomplete data Y.
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