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Problem 1 [40 pts]. Consider the 2-D random process defined by the recursion
X(n1,m9) = X(ng — 1,ny) — %X(nl - 2,n9) + E(ny,m2), ny,n2€Z

where FE(ni,ng) are iid random variables with mean 0 and variance 1.

(a) Derive the 2-D spectral density Sx(f1, f2) for the process X.
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(b) Derive the variance of X(n1,ns2).
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(¢) Is the process X ergodic?
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Problem 2 [40 pts]. Consider the undirected graph with twocycles1 ~2~3and2~3 ~4 ~
5 ~ 6, and no other edges. Let X = (X3, -+, Xs) be a random vector with pmf p(z1,--- , z¢)
defined on this graph. Give an efficient algorithm for evaluating the conditional probability
p(z1lzs).

; 6 Pl ) = 5 Bul, 1) By o) Pty
! 5 * Bl %) Vsl 25) Py (Zr/@)
— Yy tet)

We derive p(z),7%5) firsh

| Y or e FDC:
Eliminphimg 1vodes 6/2,%,5 in Ok order, ve W

V(iuzg) :LZ %3 tk's [";ﬂ”—s) sz %‘f (Jgﬁ;) ‘)’%[ﬂfl 76;) %(]E‘L[ac,/x() gl&[zc/xg} ‘P%[zg,?/

. C——
)\ et

4
m; [75 2
-mlf;.’ [7‘;/16’) / v /

Thew
fle) = g, Fou™)

i (
Pl ) = ‘L;’[f;L

T pdor Z Camceho owk.



Problem 3 [20 pts]. Two Poisson processes contribute to the photon count Y in a given cell
of a CCD array: one with unknown parameter A, representing incoming light, and the second

with known parameter u, representing background radiation. Give the maximum-likelihood
estimate of A given Y.
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