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HMMs on multiple time series



HMMs on multiple time series
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Hierarchical Coupling

An ,k ∼ Dir(αk)
λn ,k ∼ Gamma(ak , bk)
µn ,k ∼ Norm(mk , βkλk)

πn ∼ Dir(ρ)
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Hyperparameter Estimation

Variational Empirical Bayes

q(zn) = argmin
q(zn)

DKL[q(zn)q(θn) �� p(zn , θn � xn ,ψ)]
q(θn) = argmin

q(θn)
DKL[q(zn)q(θn) �� p(zn , θn � xn ,ψ)]

ψ = argmin
ψ
�
n
DKL[q(θn) �� p(θn � ψ)]



9

Variational Empirical Bayes

q(zn) = argmin
q(zn)

DKL[q(zn)q(θn) �� p(zn , θn � xn ,ψ)]
q(θn) = argmin

q(θn)
DKL[q(zn)q(θn) �� p(zn , θn � xn ,ψ)]

ψ = argmin
ψ
�
n
DKL[q(θn) �� p(θn � ψ)]

Hyperparameter Estimation



10

Variational Empirical Bayes

q(zn) = argmin
q(zn)

DKL[q(zn)q(θn) �� p(zn , θn � xn ,ψ)]
q(θn) = argmin

q(θn)
DKL[q(zn)q(θn) �� p(zn , θn � xn ,ψ)]

ψ = argmin
ψ
�
n
DKL[q(θn) �� p(θn � ψ)]

Hyperparameter Estimation



Transition Count Error vs Noise

11



Transition Count Error vs Noise

12



13

Detecting Subpopulations
Fei, Bronson, Hofman, Srinivas, Wiggins, Gonzalez, PNAS, 2009
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