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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 u,

fort=0,....,7 —1:

wio | Sio = (k,j) ~ Uniform(0, v,m;;)

Uit | Sit = (k‘,j),si’t,1 = (k‘,,j/) ~ UHifOI‘H’l(O, Qit) fOI‘ t = 1, ,T — 1
where
gie = e e N (k= K)I(j = j') + e (1 — e ) I(j = §)mly + (1 — e %) vy

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

P(St = (k‘,]) ‘ H(];t,UQ;t). Then

O[(](k',j) X P(So = (k‘,j),H@,’U,o) X P(So = (k},]))P(UQ ’ SO = (k‘,]))P(H@ | CO = k‘)
= I(uo < vjnz,)P(Ho | Co=Fk)

&t(k7j> X ZP(St = (kaj)astfl = (klhj/)?Htvut | HO:tflvuOItfl)

k/,j/
X P(Ht | Ct = k) ZP(Ut | St = (kvj)ﬂst*l = (k/aj,))P(St = (kvj) | Stfl = (klvj/))atfl(klnj/)
k/7j/
J—1 oo
x P(H|Cr=k)Y > I(u < P(Sy = (k,j) | Sier = (K, 5)ou-a (K, 5) (A1)
=0 k'=0

Given uyg, ..., ur_1, the number of states k such that ay(k,j) > 0 for t =0,...,T — 1 is finite:
for t = 0, the number of k such that v;, > wug is finite for any j since >, vj; = 1 with
vji, > 0, and recursively, we can see the number of k with ay(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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a finite sum.
Cr_y and Zp_; can be sampled from ag_y(k, 7). Then for t =T — 2,...,0, we sample C,

and Z; using
P(C::ZE | HD:T—L,EDT—IJC:H,Z:H) o P(Cnh Zt+1 | Gh Zt)a:(ch Zt)P(ut+l | St,5t+1)

If we reduce the model to the training phase, we can treat the variable Z as observed.

Therefore, the forward probabilities are written as follows:

ag(k) o P(Co =k, Ho,up) oc P(Co =Fk)P(ug | Co = k)P(Hy | Co = k)
= I(t&u < I}zﬂk?’_.'j:]P(Hg | Cg = k}
at{k} o Z P(Ct — kict—l — kFthit-ﬂ't | Hﬂ:t—l:uﬂ:t—l)

kl’

o P(Ht | Cf = k:] ZP(’Ut | CE = k'.-cf—l = k,)P{Ct = k | Cﬁ—l = k'}ﬂft_]_(kr)

x P(H,|Ce=k)> I(u < P(Co=k|Cry =K))ay_1(K) (A2)
k=0

Once we get the trained parameters, we restrict the model to a finite state space, so we
don’t need to incorporate the auxiliary variables u, so the standard form of forward-backward

probabilities can be used.
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