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SUPPLEMENTAL MATERIAL

Forward-backward algorithm for the proposed infinite HMM A variant of the beam

sampling algorithm for infinite HMM (Van Gael et al. 2008) is employed to improve the

convergence over standard Gibbs sampling. Specifically, we introduce auxiliary variables ut

for t = 0, ..., T � 1:

ui0 | Si0 = (k, j) ⇠ Uniform(0, ⌫jk⌘ij)

uit | Sit = (k, j), Si,t�1 = (k0, j0) ⇠ Uniform(0, qit) for t = 1, ..., T � 1

where

qit = e�Gr
t dte�grjtdtI(k = k0)I(j = j0) + e�Gr

t dt(1� e�grjtdt)I(j = j0)⇡j
k0k + (1� e�Gr

t dt)⌫jk⌘j

For notational convenience, we omit the notation i. Let the forward probabilities be ↵t(k, j) =

P (St = (k, j) | H0:t, u0:t). Then

↵0(k, j) / P (S0 = (k, j), H0, u0) / P (S0 = (k, j))P (u0 | S0 = (k, j))P (H0 | C0 = k)

= I(u0 < ⌫jk⌘Z0)P (H0 | C0 = k)

↵t(k, j) /
X

k0,j0

P (St = (k, j), St�1 = (k0, j0), Ht, ut | H0:t�1, u0:t�1)

/ P (Ht | Ct = k)
X

k0,j0

P (ut | St = (k, j), St�1 = (k0, j0))P (St = (k, j) | St�1 = (k0, j0))↵t�1(k
0, j0)

/ P (Ht | Ct = k)
J�1X

j0=0

1X

k0=0

I(ut < P (St = (k, j) | St�1 = (k0, j0)))↵t�1(k
0, j0) (A1)

Given u0, ..., uT�1, the number of states k such that ↵t(k, j) > 0 for t = 0, ..., T � 1 is finite:

for t = 0, the number of k such that ⌫jk > u0 is finite for any j since
P

k ⌫jk = 1 with

⌫jk � 0, and recursively, we can see the number of k with ↵t(k, j) > 0 is finite. Therefore,

the infinite sum over the previous states in the calculation of forward probability reduces to
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