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HMMs

You are given the following training data:

win_C league_C Liverpool_D
win_C Liverpool_D league_C

Liverpool_ D win_C
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Figure 1: Visualization of Sequences




10-601: Recitation 8 Page 2 of 11 11/13/20

You are also given the following observed (validation) data:

Liverpool win league

In this question, let each observed state x; € {1,2,3}, where 1 corresponds to win,
2 corresponds to league, and 3 corresponds to Liverpool. Let each hidden state

Y; € {C, D}, where s; = C and s, = D.

1. First, we need to train our HMM by generating the initial probabilities: 7, the tran-
sition probability matrix: A, the emission probability matrix: B.

(a) Find 7. Recall that m; = P(Y; = s;).

e Find count matrix

Count Count
C 9 Pseudocount C 3
D 1 D 2

e Get probability matrix 7:

|2 ]

S Q
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(b) Find Transition Matrix: A. Recall that A, = P(Y; = s¢ | Yie1 = ;)

e Find count matrix

C D C D
C 1 2 Pseudocount C 2 3
D 2 0 D 3 1

e Get Transition Probability matrix A.:

C D

R
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(c) Find Emission Matrix: B. Recall that Bj, = P(X: =k | Y; = s;).

e Find count matrix

win league Liverpool win league Liverpool
C 3 2 0 Pseudocount C 4 3 1
D 00 3 D 114

e Get Emission Probability matrix B:

win league Liverpool

B= C [1/2 3/8 1/8}
D 1/6 1/6 2/3
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2. What is the likelihood of observing this output?
Recall that:
(k) = P(x1.4,Y: = sy)

Bi(k) = P(zrr|Ye = sk)
We also have the recursive procedure:
(a) ai(j) = 7;Bja,-
(b) For t > 1, ay(j) = Bja, Zgzl a—1(k)Ag;
We want to find:
P(X; = Liverpool, Xy = win, X3 = league)

= Z P(zy = Liverpool,xs = win, x3 = league, Y; = y;)
y+€C,D

= Z OéT(yt)

y:€C,D

oy = P(z1[y1) - P(y1)
= B7307T

Bt

[ 0075
~ 10.26667

Qg = P($1,36’27y2)
= P(xaly2) - (P(y2lyr) - an)
= B71 (e} (ATOél)

_ [1/2] [0-2300025
~ |1/6] °|0.1116675
0.11500125
0.01861125

a3 = Byo (ATay) = [0.02248460156]

0.01227559375

Since
P(zy = Liverpool,zy = win, x3 = league)

= Z ar(y;), where we set T' = 3
yt€C,D
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.. P(x1 = Liverpool, xo = win, r35 = league)
= 0.02248460156 + 0.01227559375
= 0.03476019531
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You are now told that the observed data has the following tags:

Liverpool_D win_C league_D

3. Given the observed sequence of words (denote & = [Liverpool, win, league]”), what is
the probability of these assigned tags P(Y; = D|Z), P(Yz; = C|¥), P(Ys = D|¥)?

Recall that:
v (s) By (s1)

So, we need to find Sr
We also have a similar recursive procedure
(a) Br(j) =1 (All states could be ending states)
(b) For 1 <t <T—1, Bi(j) = 327_, Bray,, Brs1(k)Aji (Generate x4, from any state)

Remember that: S3;(s;) = P(xip1.0|Yr = sx) and fr(sg) =1

Using matrix notation:

Po = A<B,x3 © 53) = A(B,2 % 53)

Recall that: )
3/8 1 .
By = [1/6} and (3 = [11 ,since T'=3

0.25
P2 = [0.3229}

Now, we go on to solve [,
pr = A(B,mz 0 f3y) = A(B,l o 3)
Again, recall that:
C[1/2] o025
Ba= {1/6} and fz = [0.3229}

= 0.08229
LT 01072

Now, we have our o and [ matrix:
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P(Y;

P(Y = C[) =

P(Y; = C[7) =

= D|j’) =

C D
1 0.0750 0.26667
0.1150 0.0186
3 0.0225 0.0123

C D
1 0.0823 0.1072
0.2500 0.3229
3 1.0000 1.0000

[\

a1(D)pi(D)

P(Z)
~0.26667 x 0.1072
~0.03476019531
= 0.8224068865

as(C)Ba(C)

P(7)
~0.1150 x 0.2500
~0.03476019531
= 0.8270954678

as(C)B3(C)
P(Z)
0.0225 x 1
~0.03476019531
= 0.6472921052
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4. The sequence of words you observe is again the same:

Liverpool win league

However, you are only given the tag of the last word:

league_C
Using the Viterbi Algorithm, what is the most likely sequence of hidden states?

Recall that:

) = max P v 1,00 = 50)
it—

bi(sk) = argmax P(Z1.4, Y1u—1, Yt = Sk)
Y1:t—1
(a) What is the most likely sequence of tags given the observed data? (Select C if
there is a tie)

i. Set up the matrices w and b

C D START
Wo 0 0 1
w = wi - = —
wWa - - =
w3 - - =

and

b [ -
b | - -
by | - -

b=

Initialize wo(START) =1

ii. Solve for matrix entries using Dynamic Programming;:

wi(C) = max P(x; = Liverpooll|Y; = C)wy(s;)P(Y1 =C)

5/ EC,D,START

3

by (C) = START
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wi(D) = max P(x; = Liverpool|Y; = D)wy(s;)P(Y; =D)

5;€C,D,START

) 2
=-.1.=
3 5
4
15

w2(C') = max P(zy = win|Ys = C)wi(s;)P(Yz2 = ClY; = s))

s;€CD

(1 3 21 4 3)
_max|({—--—" -, -+ — =

w2(D) = max P(zy = win|Ys = D)w;(s;)P(Y2 =D|Y:1 = s;)

s;€CD

(133141)

w3(C') = max P(x3 = league|Ys = C)wy(s;)P(Ys = C|Ys = s;)

s;€CD

:maX@.i.%%.iE)
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w3(D) = max P(z3 = league|Y; = D)wsy(s;)P(Ys =D|Y2 = s;)

s;€C,D
<1 1 31 1 1)
— max|(—-+- — - - — T T
6 10 5°6 90 4
1
100
bs(D) = C

Now, to figure out the order, we set §; = byy1(Yir1)

yr+1 = END

ys =C

g2 = bs(C)
=C

g1 = b2(C)
=D

Yo = b1(D)
= START

So, the most likely sequence is START-D-C-C-END



	HMMs

