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Size Hyperparameters and Indices

L: number of sentences

[: sentence index

I;: number of words in sentence /

I: number of words when only one sentence
i: word position in sentence /

K: number of words in dictionary

k: word index in dictionary

J: number of states

J: state index
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Random Variables

T, € {1,...,J}: state index at position i of sentence /
W;; € {1,...,K}: word index at position i of sentence /
T; € {1,...,J}: state index at position i when only one sentence

W; € {1,...,K}: word index at position i when only one sentence
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Model Parameters

bj = Pr(Tn =) (VI)
ajir = PI‘(T[,'+1 :j/|Tli :]) (Vl)(Vl)
Cjk = PI"(W[,' = k‘Tl,’ :]) (\V/l)(Vl)
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Sampling

Qi=1

Q Sample T; from b.

@ Sample W; from cr..
Q i:=i+1

@ Sample T; from ay,_,.
Q Goto3.
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State Sequence Probability

Pr(W, =
= Pr(V_V =k T = jla,b,c)
:p(/;,j}
I
= bT] CT W, HClTi_lTl-CT,-W,-
i=2
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Maximum A Posteriori Probability (MAP estimate)

Naive Method

(arg)jmafi( Pr(Wy =ky,... . Wi =ki, Ty =ji1,...,T1 =ji|a,b,c)
1yeeeofI
= (arg) max Pr(W =k, T =jla,b,c)

J

= (arg) max p(k,j)
J
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iterbi Probabilities

51']' = _HlaXPI'(W] == k],...,Wi = ki,Tl :jl,.. .,Ti :ji\a,b,c)
Jseeii
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Viterbi Algorithm

61 = bicjw, (V)

(5,']‘ = (mgx 5i1j/aj/j> Ciw; (Vi > 1)(V])
J
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Maximum A Posteriori Probability (MAP estimate)

Fast Method

maxPr(Wl :kl,...,lek[,Tl :jl,...,T[ :j1|a,b,c)
J1yeeedI
= max Pr(W =k, T =jla, b, ¢)

J

—

= max p(k, )
]

= max 5[,'
] ,
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Likelihood Estimation

Naive Method

PI‘(WH = k[], ey WlI] = k11,|a, b, C)
= Pr(W, = kj|a, b, ¢)
= ZPT(WI = 15;77_—:1 :]7|Cl,b, C)

Ji
J

1

= brenw | [arimenw,
i

i=2
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Forward Probabi

oy = Pr(Wp =kn, ..., Wi = kii, Tii = jla, b, c)
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Backward Probabilities

Biij = Pr(Wiip1 = ki1, - - -, Wiy, = ki, Ty = jla, b, c)
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Forward Algorithm

anj = bicjw, (V1)(V))

Qjj = Zali—u’aﬂj ciw, (VI)(Vi > 1)(V))
7
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Backward Algorithm

By = 1 (V) (V))
B = " i, By (Y)(Vi < 1)(¥)

J
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Likelihood Estimation
Fast Method

j
= bicw, Buj
j
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Forward-Backward Algorithm (E-step)

Pr(Wn =kn, ..., Wy, = ky,, Ty = jla, b, c)
- PI'(W[ = Ig;a T/i :j]a,b,c)

= auiBiij
Vlij - PI’(T[,‘ - j‘aa b7 C)
_ ;i Biij

Pr(Wn=kp,...,Wi,=ky,la,b,c)
_ B

E oy

Jj

i Biij

E biciw, Bn;
J
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Forward-Backward Algorithm (E-step)

Pr(Wi = ki, ..., Wiy, = ki, Ty = j, Tiiy1 = j'|a, b, ¢)
= Pr(W; = k;, Ty = j, Tiis1 = J'la, b, c)

= Quij@jp Cprwyes, Bliv1y

Y = Pr(Ty = j, Tiiy1 = J'la, b, )

_ a’i/“/j’cj’wl,quﬁlﬂrlj’
 Pr(Wa=ku,...,Wi, =k la,b,c)

Uy iy Biit1y
E Qurj
J
iy Biit1y

E biciw, Bn;
J
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Baum-Welch Reestimation Procedure (M-step)

bj X Z WU (V])
[
a0 Y P (G) (V)

1,i

Cjk 1 X Z Yiij (V) (Vk)

Li,Wi=k
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