
αt(i) = P(Ō[: t + 1], St = qi |λ) =



πi · bi (O0) if t = 0

N−1∑
j=0

αt−1(j) · aji

 · bi (Ot) otherwise



βt(i) = P(Ō[t + 1 :] | St = qi ) =



1 if t = T − 1

N−1∑
j=0

aij · bj(Ot+1) · βt+1(j) if t < T − 1



δt(i) = max
S̄[:t+1]

P(Ō[: t + 1], S̄ [: t + 1] | St = qi )

=


πi · bi (O0) if t = 0

(
max

0≤j<N
δt−1(j) · aji

)
· bi (Ot) otherwise



ψt(i) = argmax
qj

P(St−1 = qj , St = qi | Ō[: t + 1])

=


None if t = 0

argmax
0≤j<N

δt−1(j) · aji if t > 0



ξt(i , j) = P(St = qi , St+1 = qj | Ō, λ)

=
P(St = qi ,St+1 = qj , Ō |λ)

P(Ō | λ)

=
αt(i) · aij · bj(Ot+1) · βt+1(j)∑

ii

∑
jj

αt(ii) · aii jj · bjj(Ot+1) · βt+1(jj)



γt(i) = P(St = qi | Ō, λ)

=
N−1∑
j=0

P(St = qi , St+1 = qj | Ō, λ)

=
N−1∑
j=0

ξt(i , j)



lg
n−1∑
i=0

xi = lg(x0 + xi + · · ·+ xn−1)

= lg x0 + lg

(
1 +

n−1∑
i=1

xi
x0

)

= lg x0 + lg

(
1 +

n−1∑
i=1

2lg x1−lg x0

)


