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Announcements
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Review: AdaBoost

1. Initialize weights: W
(0)
i = 1/N

2. Iterate for m = 1, . . . ,M :

• Find (any) “weak” classifier hm that attains weighted error

εm =
1
2

(
1−

N∑
i=1

W
(m−1)
i yihm(xi)

)
<

1
2

• Let αm = 1
2 log 1−εm

εm
.

• Update the weights and normalize so that
∑

i W
(m)
i = 1:

W
(m)
i =

1
Z

W
(m−1)
i e−αmyihm(xi),

3. The combined classifier: sign
(∑M

m=1 αmhm(x)
)
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Plan for today

• Mixtures of experts

• Sequential data

– Markov models
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Mixture model for regression

• Example:
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Mixture model for regression

• Example:
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• We can represent this as a mixture of two regression models

– Two experts;
– Need to switch between them according to x.
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Mixture of experts model

• Expert j holds a parameteric model p (y |x; θj), e.g.,

θj = {wj, σ
2
j},

p (y |x; θj) = N
(
y; wT

j x, σ2
j

)
• The distribution of y is a conditional mixture model:

p (y |x; θ) =
c∑

j=1

p (j |x) p (y |x; θj) .
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Gating network

p (y |x; θ) =
c∑

j=1

p (j |x) p (y |x; θj)

• A gating network specifies the conditional distribution p (j |x; η)

• Possible gating functions:

– k = 2 experts: logistic regression, parametrized by η = {v}

p (j |x; η) =
(
1 + e−vTx

)−1

– k > 2 experts: softmax, η = {v1, . . . ,vk}

p (j |x; η) =
evT

j x∑k
t=1 evT

t x
.
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Conditional mixtures

• Parametrization

– Regression models p (y |x; θj)
e.g., linear regressors, θj = {wj, σ

2
j}.

– Gating network p (j |x; η)
e.g., logistic regression, η = {v} θ

ji yi
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Learning a MoE model

• The graphical model:

θ

N

η

ji yixi

• Responsibilities:

γij = p (j |xi, yi; θ, η) =
p (j |xi; η)p (yi |xi; θj)∑k

c=1 p (c |xi; η) p (yi |xi; θc)
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EM for mixtures of experts

Initialize random θj, σ2
j , η.

E-step Compute responsibilities γij = p
(
j |xi, yi; θold, ηold

)
M-step Separately:

• For each expert j estimate

θnew
j = argmax

θ

N∑
i=1

γij log p (yi |xi; θ)

• Estimate the gating network:

ηnew = argmax
η

N∑
i=1

k∑
j=1

γij log p (j |xi; η)

CS195-5 2006 – Lecture 30 9




