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Announcements
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Review

• The mixture of experts model:

θ

N

η

ji yixi

p (y |x; θ) =
k∑

j=1

p (j |x)︸ ︷︷ ︸
gating

p (y |x; θj)︸ ︷︷ ︸
expert

.

• Estimation: via EM.
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Plan for today

• Markov models

• Hidden Markov models
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Markov models

• The k-th order Markov model:

p (xi |x1, . . . ,xi−1) = p (xi |xi−k, . . . ,xi−1) .

• Zeroth order:
xi

N
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Markov models

• The k-th order Markov model:

p (xi |x1, . . . ,xi−1) = p (xi |xi−k, . . . ,xi−1) .

• Zeroth order:
xi

N

• First order (bigrams):
. . .xi−2 xixi−1. . .
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Markov models

• The k-th order Markov model:

p (xi |x1, . . . ,xi−1) = p (xi |xi−k, . . . ,xi−1) .

• Zeroth order:
xi

N

• First order (bigrams):
. . .xi−2 xixi−1. . .

• Second order (trigrams): . . .xi−2 xi−1 xi xi+1. . .
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Dynamic models

• Suppose X = x1, . . . ,xN generated by 1-st order Markov process.

p(X) = p(x1)p (x2 |x1) p (x3 |x2) · · · p (xN |xN−1) .

• If p (xt+1 |xt) does not depend on i, the Markov model is homogenous.

• Discrete observations called states st ∈ {1, . . . ,m}, model is parametrized by:

– Starting probability s1 ∼ p0: a m× 1 vector.
– Transition probability matrix P:

Pij = p (st+1 = j | st = i) = p(i → j).
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Representing discrete Markov models

Three equivalent graphical representations:

• Graphical model
. . .st−2 stst−1. . .
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Representing discrete Markov models

Three equivalent graphical representations:

• Graphical model
. . .st−2 stst−1. . .

• State transition diagram

P11

p(s1)

s = 2

s = m

s = 1

Pm1

CS195-5 2006 – Lecture 31 6



Representing discrete Markov models

Three equivalent graphical representations:

• Graphical model
. . .st−2 stst−1. . .

• State transition diagram

P11

p(s1)

s = 2

s = m

s = 1

Pm1

• Trellis

P

s = 1

s = 2

s = m

p0

t = 2 t = 3t = 1

P
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