
CS 378 Lecture 10 : HMMS

Announcements :

pÉiaÉta ( OHS )
- Instnpo " Survey (end of class )
- A2 due today /A} out
- Bias response due today

Read sequence tagging
Map I = la, . . . , xn )

to

4- = ( Yi , n , Yn )
NNP VBZ NIN

Ex : POS tagging Fed raises interest



HI, i )= {
Prerwom
Curr Word

Next Word

Can classify yi independent of others

Plyi II ) loop over i
need feels

f-(I,i )

Alternative : Hidden Marker Models

today - HMMS
- Example of computing

probs
- Parameter estimation

- Start Viterbi



HMI Eternal Pty,I )

(discriminative seq . models P(y- 1×-1
Conditional random fields CRS)
tagset

Tags Yi E T words XIEV

Ply , I )-= Ply , / Platy ,) Plyaly ,)

Plxzlyz )ftp.lyz/Pkslysl--.p(sToPlyn)
Yi Yi 43 4h

O→O→O→ - - O→ STOP

do do do do
Xi Xz A Xn



Generative
"

story
"
:

sample y ,

draw ×, ly , as first word
draw yzly ,

as next tag
etc .

Twobigassumptims:_
① Each Xi is ihdepi of the

other vars . given Yi

② Each yi is indep .
of

Yi . - - Yi -z given yi . , (Markov)



Parameters Three types of pavanes

Ply , ) %%⑦ ITI - ien

initial dist
.

reefer

sums to I

Plyilyi, )
"" this s

Yi
✓ Plyilyi-c)

transition

probs . Yi -1 ☐ IT 1×(-4+1)
Cols

Plxilyi )
T (stor)

Xi
emissions

Yi ☐•-Plxilyi )
F- 1-4×14



Goats what can we do ?

Sample G-F) ~ Pty,I)
tags, words

get a random sentence

sample I - PII /5) if we're
given tags 4-

What we really want:

Given I
,
find argmax P(y- II)4-

most likely tags for I



EI C- = [ N, V, STOP)
U = { they, can , fish}

s Mi

Tu ?
,
!

,,,
??- N÷

.

they fish can

F-
I

① Prob . of ( fwy Yan ¥sh )
t.HN/PeltheylN )

②Write anothersent w/Bo



VIN VIV STOPN

42141①
1.0 - 3/5 45 315

to Yi iz multiply
all

these

② N V Stop

they fish

③ Other tags for
NV V

they can fish ?
they fish can

No



Training Given labeled sequences

(Iii ' ,y-
" 1) ¥

,

Data :
N V N v

they can they fish

How to maximize likelihood of data?
-

Clog ) RT,I)

can compute Max . like . parang .

exactly .
Count-1 normalize

Biased coin : heads w/prob p

observe : HHTH
p=3M



Likelihood : PCHPPCT)

=p
> ( Ip)

Take derivative -0

3p2 - Yp }=0

3p
-
= 4ps p=7y

E- they can fish counts

t.EE
normal É o.ojo.it

O
0.12.101

Tri



Smoothing pretend we saw

everything w/ some small
count

B-ulkaddo.nl to every cell

T-nferenoeinHMMSGoat.PL
g- II ) tagger

But Hmm is PE,y-)
argmax ply 1×-1 Two problems :I

① Lots of IT possible

② We don't have

Plytx)



Problem 2 :

Ryti)="¥¥;
=Pf¥ ← maxi

we care about argmax
5

Botton.PK/--EgPly-#argmyIply--x)--argYIPlI,I )



Given I
,

argmax ply ,I ) = argnklog.PH)4- I

let y~=yT .

. . In be
"

pred
"

y

= argmax

yi . . . y-nlogky-il-logplx.ly,)
+ log Ptyzlyi ) + .

- .

Dynamic programming (Viterbi)
to find IT


