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1)
Let there be a density model with the mixture distribution p(x) = Y>X_, m,p(x|k), and x is partitioned into 2 parts
x = (x4, xp). Following is a proof that the conditional density p(x;,|x,) is itself a mixture distribution, with expressions for
the mixing coefficients and the component densities.

We need to show that:
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The marginal density of x,, is:
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2.1) The unnormalized joint distribution of the factor graph is:

P(xX) = fo oy, %) f5 (X, %3) f (X, %) f (23, X5)

2.2) The marginal distribution of x5 by the sum-product algorithm is:
uxlafa(xl) =1

Ilfa—wcz(xz) = Zfa(xpxz) O — . — — - —

I

f fo

t

ﬂx4_—>fc(x4) =1 " .
A EDWACHED $ T

X4 V
Haxy- £y (xz) = Hf—x, (xz)llfﬁxz (x3)

Hfp—xs (x3) = Z fo(x2, x3).u'x2—>fb (x2)
X2

#x5—>fd (XS) =1

Hp gy (X3) = Z fa(x3,x5)

= The marginal distribution of x; is: Hyp-xs (x3).ufd—>x3 (x3) = ’sz fo(x2,x3) le fa(x1,%2) Zx4 fe(x2,x4) sz fa(x3,x5) ’




CS613 \ Assignment #4 Solutions Ariel Stolerman

3)
Following is a proof that if any elements of the parameters  or A for a hidden Markov model are initially set to zero, then
those elements will remain zero in all subsequent updates of the EM algorithm.

We know the update rules for the starting probability = and the transition probability matrix A are:
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In the E step there will be no training samples associated with 0-probability states or transitions to 0-probability transitions.
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Therefore the updated probabilities in the Mstep will remain 0 as well.
Looking at the joint posterior of two successive latent variables, £(z,,_1, z,,):
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Therefore all future updates are zero.



