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Objetivo

m El andlisis morfoldgico proporciona informacién léxica de

formas de palabras (POS, num, gen, tiempo, ...)
m Pueden resultar miltiples anilisis
forma | andlisis | ejemplo de uso
fish NNS "Cats eat fish’
VB 'l want to fish’
bass NN 'l saw you play the bass’
JJ 'Bass clarinets sound good’

m Objetivo: desambiguar la POS de las palabras de

un texto
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Motivacion

Ejemplos de aplicaciones de etiquetado morfosintactico:

m Anidlisis sintactico: las palabrras con la misma POS juegan
un rol sintactico similar
Ex: un determinante seguido de un nombre comiin es una frase

nominal

m Traduccién automatica
P.e.: (POS de Penn Treebank)

'El hombre bajo toca el bajo bajo el puente’
NN NN NN
JJ JJ JJ
IN IN IN
VB VB VB
low bass  under
small below
short
poor
"The small man plays the bass under the bridge’
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Etiquetas morfosintacticas (POS)

m Clases generales de palabras:

m Clases cerradas: no se crean nuevas palabras (palabras
funcionales)
Para lenguas indo-europeas:
preposiciones, conjunciones, determinantes, pronombres,
verbos auxiliares o particulas (preposiciones o adverbios
en phrasal verbs)
m Clases abiertas: se pueden crean nuevas palabras
Para lenguas indo-europeas:
nombres, verbos principales, adjetivos y adverbios
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Etiquetas morfosintacticas (POS)

m Clases generales de palabras:
m Clases cerradas: no se crean nuevas palabras (palabras
funcionales)
Para lenguas indo-europeas:
preposiciones, conjunciones, determinantes, pronombres,
verbos auxiliares o particulas (preposiciones o adverbios
en phrasal verbs)
m Clases abiertas: se pueden crean nuevas palabras
Para lenguas indo-europeas:
nombres, verbos principales, adjetivos y adverbios
m Conjunto de etiquetas (categorias) segin idioma y
granularidad

P.e.: Brown corpus: anotado con 87 etiquetas POS diferentes
P.e.: Penn Treebank corpus: con 48
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Conjunto de etiquetas del Penn Treebank

Coordinating conjunction
Cardinal number
Determiner

Existential there
Foreign word
Preposition

Adjective

Adjective, comparative
Adjective, superlative
List item marker
Modal

Noun, singular

Proper noun, singular
Noun, plural

Proper noun, plural
Predeterminer
Posessive ending
Personal pronoun

PP
RB
RBR
RBS
RP
SYM
TO
UH
VB
VBD
VBG
VBN
VBP
VBZ
WDT
WP
WP$
WRB

Possessive pronoun
Adverb

Adverb, comparative
Adverb, superlative
Particle

Symbol

to

Interjection

Verb, base form

Verb, past tense

Verb, gerund

Verb, past participle

Verb, non-3rd ps. sing. present
Verb, 3rd ps. sing. present
wh-determiner
wh-pronoun

Possessive wh-pronoun
wh-adverb

12 etiquetas mas relacionadas con marcas de puntuacién

P.e.: to/TO give/VB priority/NN to/IN teacher/NN pay/NN rises/NNS
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Etiquetadores morfosintacticos (POS taggers)

Métodos usados frecuentemente:

Eti d 7

ot m Métodos basados en reglas:

sintactico m Coste elevado de produccién manual.

Etiquetadores m Reglas aprendidas automdticamente a partir de corpus de
morfo- .

sintacticos entrenamiento

P.e.: etiquetador de Brill.
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Métodos usados frecuentemente:

m Métodos basados en reglas:

m Coste elevado de produccién manual.

m Reglas aprendidas automaticamente a partir de corpus de
entrenamiento
P.e.: etiquetador de Brill.

m Métodos estocdasticos:

Modelo Oculto de Markov (HMMs), Conditional Random
Fields (CRFs)
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Etiquetadores morfosintacticos (POS taggers)

Métodos usados frecuentemente:

m Métodos basados en reglas:

m Coste elevado de produccién manual.

m Reglas aprendidas automaticamente a partir de corpus de
entrenamiento
P.e.: etiquetador de Brill.

m Métodos estocasticos:
Modelo Oculto de Markov (HMMs), Conditional Random
Fields (CRFs)

m Otros métodos:
P.e.: modelo de maxima entropia, SVMs, redes neuronales
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Etiquetadores estocasticos

objetivo: obtener la secuencia de etiquetas POS mds
probable para una secuencia de palabras

W = wy ... w, (secuencia de palabras)
T =t1...t, (secuencia de etiquetas POS)

Resultado: T = argmax P(T|W)
T
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W = wy ... w, (secuencia de palabras)
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Aplicar un modelo estocdstico. Nos centraremos en HMM
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Etiquetadores estocasticos

objetivo: obtener la secuencia de etiquetas POS mds
probable para una secuencia de palabras

W = wy ... w, (secuencia de palabras)
T =t1...t, (secuencia de etiquetas POS)

Resultado: T = argmax P(T|W)
T

Cémo computar P(T|W)?
Aplicar un modelo estocdstico. Nos centraremos en HMM

Cémo computar 77
Aplicar el algoritmo Viterbi
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m Modelo oculto de Markov



Preliminares: modelo de Markov

m X = (Xq,..., XT) secuencia de variables aleatorias que
toman valores de estados observados S = {s1, ..., sy}
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Preliminares: modelo de Markov

m X = (Xq,..., XT) secuencia de variables aleatorias que
toman valores de estados observados S = {s1, ..., sy}

m Inferencia: Probabilidad de la secuencia P(X)?

Regla bayesiana:
P(X1,..,X7) = P(X1,.., X71) * P(X7 | X1..X7_1)
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Preliminares: modelo de Markov

m X = (Xq,..., XT) secuencia de variables aleatorias que
toman valores de estados observados S = {s1, ..., sy}

m Inferencia: Probabilidad de la secuencia P(X)?

Regla bayesiana:
P(X1,..,X7) = P(X1,.., X71) * P(X7 | X1..X7_1)

m Propiedades de Markov:
m Horizonte limitado:
P(Xty1 = sk | X1, ..., Xe) = P(Xeq1 = sk | Xi)
m Tiempo invariante (Estacionario):
PXi1=si | Xe =5) =P(Xa =5 | X1 = 5))



Preliminares: modelo de Markov

m X =(Xg,..., X7) secuencia de variables aleatorias que
toman valores de estados observados S = {s1, ..., sy}
Etiquetado m Inferencia: Probabilidad de la secuencia P(X)?
morfo-
sintactico Regla bayesiana:
Etiquetadores
motfo- P(X1, ..., X7) = P(Xy, .., X7—1) * P(X7 | X1. X7-1)
sintacticos
Bt m Propiedades de Markov:

m Horizonte limitado:
P(Xt+1 =sc | X1, Xi) = P(Xt+1 = s | Xt)
m Tiempo invariante (Estacionario):
PXi1=si | Xe =5) =P(Xa =5 | X1 = 5))
P(Xi,.,.X71) =
= P(X1)P(Xa | X1)P(X3 | X1 X2) ... P(X7 | X1..X7-1)
= P(X1)P(Xo [ X1)P(X3 | X2) ... P(XT | X7-1)

T
=70, | [1=0 ax._1 X,
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Preliminares: modelo de Markov

m Matriz de transicién:
a;j:P(Xt+1:Sj|Xt:Si); Vi,ja; =0, Vi ZJ’-Vzla,-jzl
m Probabilidades iniciales (o estado extra sp):
TE;ZP(X1:S,'); ZII-VZITI,-Zl
Ejemplo:

P(t h et ipp) =1-(04-1-1-03-0.6-1)=0.072
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Modelo oculto de Markov

m X = (Xi,..., X7) secuencia de variables aleatorias que toman

valores de estados ocultos [no observados] S = {si, ..
una secuencia de observaciones O = (Oq, ..

., 071)

., sy} dada
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Modelo oculto de Markov

m X = (Xi,..., X7) secuencia de variables aleatorias que toman
valores de estados ocultos [no observados| S ={sy, ..., sy} dada
una secuencia de observaciones O = (Oq, ..., O7)

m Inferencia: Probabilidad de ...
m un proceso: P(O)?
m el estado final de un proceso: P(X7r | O) ?
m la explicacién de un proceso: P(Xy,..., X7 |0)?
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Modelo oculto de Markov

m X = (Xi,..., X7) secuencia de variables aleatorias que toman
valores de estados ocultos [no observados| S ={sy, ..., sy} dada
una secuencia de observaciones O = (Oq, ..., O7)

m Inferencia: Probabilidad de ...
m un proceso: P(O)?
m el estado final de un proceso: P(X7r | O) ?
m la explicacién de un proceso: P(Xy,..., X7 |0)?

Modelo generativo en vez de modelo condicional
P(X | 0)=E52) ~ P(x, 0)

P(Xi,.. X7,0) = P(X1, .. X7) - P(O | X1... X7)

P(le — XT) = Ttx, HZ-:2 ax, 1 X;
P(O|X:i...X7) =[1,_, box.

P(X1,.. X7,0) =7x, - bo,x, - T1{_2 ax._.x, - bo.x,
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Modelo oculto de Markov

m Matriz de transicion:

aj = P(Xer1 =55 [ Xe = s);

Vi,j aj =0

Vi Z a5 =1

m Probabilidades iniciales (o estado extra sp):

N = P(Xl = S,‘);
m Probabilidades de emisidn:

lk—

(Ot—k|Xt—51)

Z,I'V:1 m=1

Vi, k by

= 0;

Vi YN byp=1



Modelo oculto de Markov

Ejemplo (horizonte=1; bigramas)
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b . the this cat kid eats runs fish fresh little big
<FF>|1.0

Dt 0.6 0.4

N 0.30.1 0.1 03 0.2

\Y 0.1 05 03 0.1
Adj 0.1 02 03 04




Hidden Markov model

Ejemplo (horizonte=2; trigramas)
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bk ‘ . the this cat kid eats runs fish fresh little big‘
?<FF>|1.0

?,Dt 0.6 0.4

7N 0.3 0.1 0.1 0.3 0.2

IAY 0.1 05 03 0.1

?,Adj 0.1 02 03 04




Aprendizaje de pardmetros

Etiquetado
morfo-
sintdctico , .
_ m Parametros aj;, bj y 7; pueden ser estimados usando un
Etiquetadores . 3

morfo- corpus de aprendizaje

sintdcticos

Modelo oculto de m Uso de técnicas de suavizado

Markov

m Algoritmo no supervisado de Baum-Welch

fuera de este curso
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Aprendizaje de pardmetros

Ejemplo: estimador de maxima verosimilitud (MLE);

u, v, w diferentes etiquetas POS en el corpus de entrenamiento

m HMM basado en bigramas

alu, v) = Pye(v | u) = c(u,v)
(u)
b(O,-, U) ~ PMLE(O,' I U) _ C(U, O:)
(v)
m(u) ~ Pue(u | *) = c(x, u)
c(x)
m HMM basado en trigramas
a(uv, vw) ~ Pye(vw | uv) = clu. v, w)
c(u,v)

b(0;, uv) = b(0;, v) = Pue(0; | v) = c(v)

c(*,*, u)

T(*ku) = Ppre(xu | %) = (o)

m(uv) = Pyre(uv | xu) =

c(*,u,v)

c(*u)
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Ejercicio

Dado el siguiente corpus,

horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.
dinner/NN time/NN goes/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink /NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

aplicar MLE para estimar los parametros no nulos para las
etiquetas POS de la siguiente oracién usando bigramas:

"time flies like horse flies .”
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Ejercicio

horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.

eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.
dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

c(u,v)|NN NNS VBP VBZ IN .
*

NN
NNS
VBP
VBZ

IN

"time flies like horse flies .”



Ejercicio

+ horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
+ eat/VB breakfast/NN at/IN morning/NN time/NN ./.

+ take/VB time/NN with/IN arrow/NN projects/NNS ./. o L .
+ dinner/NN time/NN flies/VBZ before/IN sleep/NN /. time flies like horse flies .

« flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.

* bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Etiquetado

morfo-
SN tactice) Matriz de transicién A y probabilidades iniciales 7t:

Etiquetadores

morfo-
sintacticos c(u,v)‘NN NNS VBP VBZ IN .
*
m::ﬁ:o\: oculto de NN
NNS
VBP
VBZ

IN
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Ejercicio

# horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.

+ dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

NN NNS VBP VBZ IN .

C(tiv\/)\

NN
NNS
VBP
VBZ

IN

2

"time flies like horse flies .”
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horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.

eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.
dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

C(tiv\/)\

NN NNS VBP VBZ IN .

NN
NNS
VBP
VBZ

IN

2

1/3

NN

"time flies like horse flies .”
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horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.

eat/VB breakfast/NN at/IN morning/NN time/NN ./.

take/VB time/NN with/IN arrow/NN projects/NNS ./.

dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
« flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
* bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

C(tiv\/)\

NN NNS VBP VBZ IN .

NN
NNS
VBP
VBZ

IN

2

2

1/3

NN

"time flies like horse flies .”
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horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.
dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

C(tiv\/)\

NN NNS VBP VBZ IN .

NN
NNS
VBP
VBZ

IN

2

2

NN

"time flies like horse flies .”
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horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.
dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

C(Ii,v)‘

NN NNS VBP VBZ IN .

NN
NNS
VBP
VBZ

IN

2

2

NN

"time flies like horse flies .”
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horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.
dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

c(u,v)|NN NNS VBP VBZ IN .

*

NN
NNS
VBP
VBZ

IN

2
3

2

NN

"time flies like horse flies .”
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horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.

eat/VB breakfast/NN at/IN morning/NN time/NN ./.

take/VB time/NN with/IN arrow/NN projects/NNS ./. o L o
dinner/NN time/NN flies/VBZ before/IN sleep/NN /. time flies like horse flies .
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.

bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

1/4

c(u,v)|NN NNS VBP VBZ IN . NN

* > 2 1/3

NN |3 /
NNS %

VBP

VBZ }3\

IN

NNS
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horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.

eat/VB breakfast/NN at/IN morning/NN time/NN ./.

take/VB time/NN with/IN arrow/NN projects/NNS ./. o L o
dinner/NN time/NN flies/VBZ before/IN sleep/NN ./. time flies like horse flies .
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.

bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

1/4
c(u,v)|NN NNS VBP VBZ IN . C NN
* > 2 1/3
NN |3 3
NNS *

VBP
VBZ %\ 1/4

IN
NNS




Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Modelo oculto de
Markov

Ejercicio

horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.

eat/VB breakfast/NN at/IN morning/NN time/NN ./.

take/VB time/NN with/IN arrow/NN projects/NNS ./. o L o
dinner/NN time/NN flies/VBZ before/IN sleep/NN /. time flies like horse flies .
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.

bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

1/4 1/12
(u,v)|NN NNS VBP VBZ IN . C NN » VBZ
E3 > 2 1/3
NN| 33 1
NNS ”

VBP
VBZ %\ 1/4

IN
NNS




Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Modelo oculto de
Markov

Ejercicio

horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.

take/VB time/NN with/IN arrow/NN projects/NNS ./. . L )
"time flies like horse flies .

dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

1/4 1/12
¢(u,v)|NN NNS VBP VBZ IN . C NN » VBZ
5> 1/3 1/6

NN| 33 12
NNS ”

VBP
VBZ }3\ 1/4
IN

NNS




Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Modelo oculto de
Markov

Ejercicio

horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.

take/VB time/NN with/IN arrow/NN projects/NNS ./. . L )
"time flies like horse flies .

dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink /NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Matriz de transicion A y probabilidades iniciales 7t:

1/4 1/12
c(u.v)[NN NNS VBP VBZ IN . C NN — VBZ
15> 1/3 1/6
NN |3 3 1 23 14

NNS "

VBP :
VBZ %\ 1/4

IN




Ejercicio

horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.

eat/VB breakfast/NN at/IN morning/NN time/NN ./.

take/VB time/NN with/IN arrow/NN projects/NNS ./. o L o
dinner/NN time/NN flies/VBZ before/IN sleep/NN /. time flies like horse flies .
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.

bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

Etiquetado

morfo-
SN tactice) Matriz de transicién A y probabilidades iniciales 7t:

Etiquetadores

morfo-
Siideties c(u,v)|NN NNS VBP VBZ IN .
* 2 2
. NN[33 123
NNS 3 3
VBP | 1 1
VBZ 1

IN |3




Ejercicio

horse/NN flies/NNS time/VBP morning/NN rays/NNS ./.
eat/VB breakfast/NN at/IN morning/NN time/NN ./.
take/VB time/NN with/IN arrow/NN projects/NNS ./.
dinner/NN time/NN flies/VBZ before/IN sleep/NN ./.
flies/NNS smell/VBP an/DT arrow/NN drink/NN ./.
bees/NNS sting/VBP like/IN some/DT flies/NNS ./.

"time flies like horse flies .”

Etiquetado
morfo- . L . .
SN tactice) Matriz de transicién A y probabilidades iniciales 7t:
Etiquetadores
morfo-
sintdcticos

c(u,v)|NN NNS VBP VBZ IN .
E3 > 2 1/3

NN |3 3 1 23 14
NNS 3 3 " .
VBP | 1 1

VBZ NQT
IN |3

NNS —— VBP
1/2

Modelo oculto de
Markov

-

c(u,0;) [time flies like horse . bj  |time flies like horse. .
3 1 NN [ 1/4 1/12
NNS 3 NNS 1/2
VBP | 1 VBP|1/3
VBZ 1 VBZ 1

IN 1 IN 1/4




Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Modelo oculto de
Markov

Cudl es la mejor secuencia de etiquetas POS?

Volviendo al ejemplo anterior:

bk . this cat eats fish ...
<FF>|1.0
Dt 0.4
N 0.3 0.3
\ 0.5 0.1
Adj

P(X,0) = P(X, ., this, cat, eats, fish) ? 7 posibles secuencias X:

X =<FF>,Dt,Adj,N,<FF>
X =<FF>,Dt,Adj,N,V
X =<FF>,Dt,N,<FF> Dt
X =<FF>,Dt,N,V,<FF>
X =<FF>,Dt,N,V,N
P(X,0)=(1-1) - (1- 0.4) - (0.6- 0.3) - (0.4- 0.5) - (0.4- 0.3) = 0.001728
X =<FF>,Dt,N,V,Adj
X =<FF>Dt,N,V,Dt



Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Modelo oculto de
Markov

Cudl es la mejor secuencia de etiquetas POS?

Queremos encontrar

A

X = argmax P(X | O) ~ argmax P(X, O)
X X

m Fuerza bruta, O(NT)
N estados (etiquetas POS) y T observaciones (longitud de la

secuencia de palabras)

m algoritmo de Viterbi, programacién dinamica, O(T * N?)



Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Indice

Etiquetadores morfosintacticos

m Algoritmo de Viterbi



Etiquetado
morfo-
sintactico
Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Algoritmo de Viterbi

States

Estructura auxiliar:

TRELLIS de un HMM total-
mente conectado

El nodo (S;, X;) guarda infor-
macién relativa al estado S; so-
bre la secuencia parcial de X; a
Xe: 8e(i) y @¢(i)



Algoritmo de Viterbi

Time —
X1 Xo X3 X7
o1 o2} o3 oT
S1

Etiquetado Estructura auxiliar:
morfo-
Slptechicy S5 TRELLIS de un HMM total-
Etiquetadores mente conectado
morfo-
sintdcticos

El nodo (S;, X;) guarda infor-
macién relativa al estado S; so-
bre la secuencia parcial de X; a
Xe: 8e(i) y @¢(i)

Algoritmo de Viterbi

Sn

..... Xt—l)xt = Siv O)




Algoritmo de Viterbi

Etiquetado Estructura auxiliar:
morfo-
sintdctico

TRELLIS de un HMM total-

Etiquetadores mente conectado
morfo-
sintdcticos .
El nodo (S;, X;) guarda infor-
macién relativa al estado S; so-
bre la secuencia parcial de X; a

Xe: 8e(i) y @¢(i)

Algoritmo de Viterbi

@¢(i) = last( argmax P(Xq,..., Xi—1,Xs = S;, 0)
X1, Xe—1



Algoritmo de Viterbi

Time —

X1 X, X3 x;  Algoritmo:
03 or
s » e
\ <,
Etiquetad [
7
morfi ~/
sintact o~
S = ’%)
Etiquetad Jaa
morfo- N
sintact AN
'''''''' 3 s
oooooooooo
¢ T S3 - 7%3
) A
,
s
7

Sy C



Algoritmo de Viterbi

Algoritmo de Viterbi

Time — 3
X1 Xo X3 x;  Algoritmo:
o

1. Inicializacién:
Vi=1...N:
81(j) = 7t * bj o,

Sy

S

Sy @




Algoritmo de Viterbi

Time —
X1 Xz X3
o1 =) 03

Algoritmo:

1. Inicializacién:
Vi=1...N:
51 (J) = th * ijol

2. Inferencia:
Vt=2...T: Vj=1...N:

5:() = lziang(étfl(’.) *aj ;) * bjo,

@t(j) = argmax(8¢—1(i) * a; ;)
1<i<N



Algoritmo de Viterbi

Algoritmo:

1. Inicializacién:
Vi=1...N:
Etiquetado 51(‘1) =Tk bj'ol
morfo-
sintactico 2. Inferencia:
Etiquetadores Vt=2...T: Vj=1...N:
morfo-
sintacticos 8:(j) = max (8¢—1(i) * ai ;) * bj o,

Algoritmo de Viterbi 1<i<N

@t(j) = argmax(8¢—1(i) * a; ;)
1<i<N




Algoritmo de Viterbi

Time — 3
X1 X, X3 x;  Algoritmo:
o1 0 o3 or

1. Inicializacién:
Vi=1...N:
Etiquetado 51(‘1) =Tk bj'ol
morfo-
sintactico 2. Inferencia:
Etiquetadores Vt=2...T: Vj=1...N:
morfo-
sintacticos 8:(j) = max (8¢—1(i) * ai ;) * bj o,

Algoritmo de Viterbi 1<i<N

@t(j) = argmax(8¢—1(i) * a; ;)
1<i<N




Algoritmo de Viterbi

Algoritmo:

1. Inicializacién:
Vi=1...N:
Etiquetado 51(‘1) =Tk bj'ol
morfo-
sintactico 2. Inferencia:
Etiquetadores Vt=2...T: Vj=1...N:
morfo-
sintacticos 8:(j) = max (8¢—1(i) * ai ;) * bj o,

Algoritmo de Viterbi 1<i<N

@t(j) = argmax(8¢—1(i) * a; ;)
1<i<N




Algoritmo de Viterbi

Time — 3
X1 X, X3 x;  Algoritmo:
o1 0 o3 or

1. Inicializacién:
Vi=1...N:
Etiquetado 51(‘1) =Tk bj'ol
morfo-
sintactico 2. Inferencia:
Etiquetadores Vt=2...T: Vj=1...N:
morfo-
sintacticos 8:(j) = max (8¢—1(i) * ai ;) * bj o,

Algoritmo de Viterbi 1<i<N

@t(j) = argmax(8¢—1(i) * a; ;)
1<i<N




Etiquetado
morfo-
sintactico
Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Algoritmo de Viterbi

Time —
X1 X X3 X1
o1 o0 03 o

Algoritmo:

1. Inicializacién:
Vi=1...N:

51 (J) = 7'[j * ijol

2. Inferencia:
Vt=2...T: Vj=1...N:

5:() = lglev(f)tfl(i) *ajj) * bj o,

@t(j) = argmax(d¢—1() * a; )
1<i<N

3. Finalizacién:
X7 = argmax;(d7(i))



Etiquetado
morfo-
sintactico
Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Algoritmo de Viterbi

Time — 3
X1 Xo X3 x;  Algoritmo:
01 02 o3 o

1. Inicializacién:
Vi=1...N:
81(J) = 7tj * bj o

2. Inferencia:

1IN

States

1<iKN

3. Finalizacién: )
X1 = argmax; (67(i))

Vt=1...T—1
Xt = @y1(Xey1)

Vt=2...T: Vj=1..

N :

5:(j) = max (8:-1(i) *a;;) *

4. Reconstruccién del camino:

b

’j ot

@t(j) = argmax(d¢—1() * a; )



Ejercicio
Aplica el algoritmo de Viterbi usando el siguiente HMM a

The kid fishes fish
DT NN NNS NN

Etiquetado NNS
morfo- JJ VBZ VBP
sintactico
Etiquetadores A DT JJ NN NNS VBZ VBP 7T
morfo- DT 0.2 | 05 0.3 DT 0.4
o s )] 08 [ 02 1|02
NN 0.1 0.9 NN
NNS 1 NNS | 0.3
VBZ | 0.5 0.2 0.3 VBZ
VBP | 0.4 0.4 0.2 VBP | 0.1
B the | big | kid | fish | time | fishes | times
DT 1
JJ 0.8 | 0.2
NN 03 | 04 0.3
NNS 03 04 | 03
VBZ 06 | 04
VBP 0.7 0.3




Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi:

morfo-

S Eiess Op=the O, =kid O3 =fishes Oy =fish

Algoritmo de Viterbi X1 X2 X3 X4
$=0T -~~~ -~ -~"-—"7"7">"">">">""=>"~"""="""=""==="=""=—"=—"=—"="=-
=3y~ -~ -~ -~ -~ -~ -~"-~"—-—""">"">">">"\"=>"""=""-""=-==~"=~"="=—"=—"=—"="=-
S=NN" "~~~ "~ -~ -~ -~ -~"-—"--~"-"""~""""""-"-"“-~"-~"“-~" -~ “~"“~ "=~ “=~ "= ==7°
S=NNS ~ T~~~ -~ -~~~ -~ - - - - - - - - - - ----=-7
S=v8Z -~~~ ~ -~~~ -~~~ -~~~ =~~~ =— "~ "= °7/"7"7"77



Ejercicio

I A |DT[ JJ [NN[NNS|VBZ|VBP B | the [ kid [ fish | fishes

DT [0.4 DT 02[05] 03 DT | 1

JJ J0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 | 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 04
Etiquetado VBZ VBZ | 0.5 02] 0.3 VBZ 0.6
— VBP | 0.1 VBP | 0.4 0.4] 0.2 VBP 0.7
sintactico
Etiquetadores Trellis del Viterbi: Inicializacién: 81 (i) = 71; * bj o,
morfo-
diidcttess O;=the Oy =kid O3 =fishes Oy =fish

X1 X X3 Xa

Algoritmo de Viterbi



Ejercicio

I A |DT[ JJ [NN[NNS|VBZ|VBP B | the [ kid [ fish | fishes

DT [0.4 DT 02[05] 03 DT | 1

JJ J0.2 JJ 08| 0.2 JJ [ 0]0.2

NN NN 0.1 | 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 04
Etiquetado VBZ VBZ | 0.5 02] 0.3 VBZ 0.6
— VBP | 0.1 VBP | 0.4 0.4] 0.2 VBP 0.7
sintactico
Etiquetadores Trellis del Viterbi: Inicializacién: 81 (i) = 71; * bj o,
morfo-
diidcttess O;=the Oy =kid O3 =fishes Oy =fish

X1 Xa X3 Xg

Algoritmo de Viterbi




Ejercicio

I A |DT[ JJ [NN[NNS|VBZ|VBP B | the [ kid [ fish | fishes

DT [0.4 DT 02[05] 03 DT | 1

JJ J0.2 JJ 08| 0.2 JJ 0.2

NN | 0 NN 0.1 | 0.9 NN | 0 [0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 04
Etiquetado VBZ VBZ | 0.5 02] 0.3 VBZ 0.6
— VBP | 0.1 VBP | 0.4 0.4] 0.2 VBP 0.7
sintactico
Etiquetadores Trellis del Viterbi: Inicializacién: 81 (i) = 71; * bj o,
morfo-
diidcttess O;=the Oy =kid O3 =fishes Oy =fish

X1 X X3 Xa

Algoritmo de Viterbi

,,,,, =04 _ o o o o ______.
5=JJ
$%=NN" n=0b=0 ~ ~~~~~ -~ -~~~ ~"~"~"~"=~"=—7-7/7/7"7/7" =777 °7°7°
e 0 L L o o ________.
$4,=NNS
$%=v8Zz ~ ~~ ~ ~~ -~~~ ~"~"~"~“"~"~"=~"==~"="=7~"7>"=>" "~ =~ =~ =~ "=~ "=~ ==/ °



Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Ejercicio

I A |DT[ JJ [NN[NNS|VBZ|VBP B | the [ kid [ fish | fishes
DT [0.4 DT 02[05] 03 DT | 1
JJ J0.2 JJ 08| 0.2 JJ 0.2
NN NN 0.1 | 0.9 NN 0.3]0.4
NNS [ 0.3 NNS 1 NNS | 0 03] 04
VBZ VBZ | 0.5 02] 0.3 VBZ 0.6
VBP | 0.1 VBP | 0.4 0.4] 0.2 VBP 0.7
Trellis del Viterbi: Inicializacién: 81 (i) = 71; * bj o,
Op=the O, =kid O3 =fishes Oy =fish




Ejercicio

I A |DT[ JJ [NN[NNS|VBZ|VBP B | the [ kid [ fish | fishes

DT [0.4 DT 02[05] 03 DT | 1

JJ J0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 | 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 04
Etiquetado VBZ| 0 VBZ | 0.5 02] 0.3 VBZ| 0 0.6
— VBP | 0.1 VBP | 0.4 0.4] 0.2 VBP 0.7
sintactico
Etiquetadores Trellis del Viterbi: Inicializacién: 81 (i) = 71; * bj o,
morfo-
diidcttess O;=the Oy =kid O3 =fishes Oy =fish

X1 X X3 Xa

Algoritmo de Viterbi

$%=VBZ n=0b=0 ~~~ ~~~~ -~~~ -~ -~~~ “~"“~"“~"“~ "~ ~——=—°=°7"°7"77°
5=0



Ejercicio

I A |DT[ JJ [NN[NNS|VBZ|VBP B | the [ kid [ fish | fishes

DT [0.4 DT 02[05] 03 DT | 1

JJ J0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 | 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 04
Etiquetado VBZ VBZ | 0.5 02] 0.3 VBZ 0.6
— VBP | 0.1 VBP | 0.4 0.4] 0.2 VBP| 0 0.7
sintactico
Etiquetadores Trellis del Viterbi: Inicializacién: 81 (i) = 71; * bj o,
morfo-
diidcttess O;=the Oy =kid O3 =fishes Oy =fish

X1 X X3 Xa

Algoritmo de Viterbi

Se=VBP 7=0.1 b=0
5=0



Ejercicio

7 A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
S Eiess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi



Ejercicio

7 A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes
DT (0.4 DT | 0 |0.2{05] 0.3 DT [ 1|0
JJ 0.2 JJ 08| 0.2 JJ 0.2
NN NN 0.1 [ 0.9 NN 0.3]0.4
NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo- .
S Eiess Op=the O, =kid O3=fishes Oy =fish
Algoritmo de Viterbi X1 X2 X3 X4
5=DT~ 7=04 b=1 a=0__$ max=0b=0 ~~~~~ ~ ~ ~ ~ -~~~ 777~
,,,,, o o ____.
Sp=1J
S=NN" "~~~ "~ -~ -~ -~ -~"-—"--~"-"""~""""""-"-"“-~"-~"“-~" -~ “~"“~ "=~ “=~ "= ==7°
S=NNS ~ T~~~ -~ -~~~ -~ - - - - - - - - - - ----=-7
S=v8Z -~~~ ~ -~~~ -~~~ -~~~ =~~~ =— "~ "= °7/"7"7"77



Ejercicio

7 A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT [ 1|0

JJ 0.2 JJ 0 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
S Eiess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi




Ejercicio

T A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish | fishes
DT (0.4 DT 0.2{05] 0.3 DT [ 1|0
JJ 0.2 JJ 08| 0.2 JJ 0.2
NN NN | 0 0.1 | 0.9 NN 0.3]0.4
NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-

S Eiess Op=the O, =kid O3=fishes Oy =fish

Algoritmo de Viterbi X1 X X3 Xy




Ejercicio

T A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish | fishes
DT (0.4 DT 0.2{05] 0.3 DT [ 1|0
JJ 0.2 JJ 08| 0.2 JJ 0.2
NN NN 0.1 ] 0.9 NN 0.3]0.4
NNS [ 0.3 NNS | 0 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-

S Eiess Op=the O, =kid O3=fishes Oy =fish

Algoritmo de Viterbi X1 X X3 Xy




Ejercicio

7 A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT [ 1|0

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
S Eiess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi




Ejercicio

7 A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT [ 1|0

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
S Eiess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi




Ejercicio

T A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-

sintdcticos

O;=the Oy =kid O3 =fishes Oy =fish

Algoritmo de Viterbi




Ejercicio

7 A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0205 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
S Eiess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi



Ejercicio

ud A |[DT| JJ|[NN|[NNS|VBZ]|VBP B | the | kid | fish | fishes

DT 0.4 DT 0.2105| 0.3 DT | 1

JJ [0.2 JJ 0 [0.8]| 0.2 JJ 0.2

NN NN 0 0.1 | 0.9 NN 0.3]/0.4

NNS [ 0.3 NNS 0 1 NNS 03| 04
Bt VBZ VBZ[05[ 0 [0.2] 0.3 VBZ 0.6
"y VBP [0.1 VBP [0.4] 0 [04] 02 VBP 07
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 X X3 Xa

Algoritmo de Viterbi

*********** max=008§b=02 ~ ~ ~ ~ ~ T~~~ T~ T~ - T T T 7777




Ejercicio

7 A [DT]| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢ (j) = max(8;—1(i) * a; ;) * bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
S Eiess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

,,,,, =04 _ _ o o e e -
So=4J max=0.08 b=0.2

,,,,,,,,,,, 6=0016, o=DT _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____._
S3=NN

S=NNS ~ T~~~ -~ -~~~ -~ - - - - - - - - - - ----=-7
S=v8Z -~~~ ~ -~~~ ~"~"~"~"~"~"=/7/7/7>~~" "~ "~ "~ "~ “—" ="/ °7°



Ejercicio

7 A [DT| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ajj)* bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

,,,,, 8204 N o o o o o e e e e
So=4J max=0.08 b=0.2
,,,,,,,,,, 6=0016, =DT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _._
S53=NN max=0.2 b=0.3
S=NNS ~ T~~~ -~ -~~~ -~ - - - - - - - - - - ----=-7
S=v8Z -~~~ ~ -~~~ ~"~"~"~"~"~"=/7/7/7>~~" "~ "~ "~ "~ “—" ="/ °7°



Ejercicio

7 A [DT| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ajj)* bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

5=0.4
S=3 -~~~ - max=00§b=02 ~ ~ ~ - T~ T~ T~~~ T T T T T T 7"
5=0.016, @=DT
S=NN" T T T T T 7T T hax=02b=03 -~~~ "~~~ TT T T T 7"
5=0.06, @=DT
57 V71V
$%=v8Zz ~ ~~ ~ ~~ -~~~ ~"~"~"~“"~"~"=~"==~"="=7~"7>"=>" "~ =~ =~ =~ "=~ "=~ ==/ °



Ejercicio

T A [DT| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 0 03] 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)

morfo- .
diidcttess Op=the O, =kid O3=fishes Oy =fish
X1 X X3 Xa

Algoritmo de Viterbi

5=0.4

S N max=00§b=02 ~ ~ ~ - T~ T~ T~~~ T T T T T T 7"
5=0.016, @=DT

S=NN"~ T T T 7 o83 max=02b=03 ~ T~~~ T~ T-T oo T T 7o
§=0.06, @=DT

S=NNS T T T T T 7T Mhmax=012b=0 -~~~ "~~~ -~ T T T 7"

$%=v8Zz ~ ~~ ~ ~~ -~~~ ~"~"~"~“"~"~"=~"==~"="=7~"7>"=>" "~ =~ =~ =~ "=~ "=~ ==/ °



Ejercicio

7 A [DT| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ajj)* bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

5=0.4
K max=008§b=02 ~ ~ ~ ~ ~ -~ -~ -~ - - T T 7~°
5=0.016, @=DT
S=NN" ~ T 7 7 7 7 max02b-03 -~ -~ - T T 777
5=0.06, @=DT
S=NNS ~ T T 7 7 7 max=012b=0 ~ -~~~ -~ -~ - - - T T T 777
5=0, @=DT



Ejercicio

7 A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 0 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ajj)* bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

5=04
P max=006b=02 ~ -~ T~~~ -7 "
5=0.016, @=DT
S=NN" T T 7 7 X0 T max=02b=03 -~~~ T~~~ T T 7777
5=0.06, @=DT
S=NNS "X~~~ “~“~"“~""~"~“""“"7"T7/"~" """~ =" " "7 "7 °77°
Ss=vBZ ~ ~ T T T T 7 max=0b=0  ~ ~ ~ T~~~ T T T T T T T



Ejercicio

7 A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ajj)* bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

5=0.4

S=3 -~ - - - max=00§b=02 ~ ~ T~ T 77
5=0.016, @=DT

S=NN" T T 7 7 7 7 max=02b=03 -~~~ ~ -~~~ -~~~ T T o
6=0.06, =DT

S=NNS ~ T~~~ -~ -~~~ -~ - - - - - - - - - - ----=-7

S=vBZ ~ ~ T~ T~ T T T 7 max=0b=0  ~ ~ ~ ~ -~~~ -~ -~ T

5=0, =DT



Ejercicio

7 A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 0 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0]07
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ajj)* bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

5=0.4
S max=00§b=02 ~ ~ ~ - T~ T~ T~~~ T T T T T T 7"
5=0.016, @=DT
S=NN" T T 7 7T \7T T max=02b=03 -~~~ "~~~ T-T-TT T T 77~
=0.06, @=DT
S=NNS T T T T T N T T T T T T T T
S$%=v8Z N\~~~ “~~">">">"™""""~"=>>""""="~"=~"==—==7—=77°



Ejercicio

7 A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish [ fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 [ 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03] 0.4
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ajj)* bj op @t(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess Op=the O, =kid O3=fishes Oy =fish

X1 Xo X3 Xa

Algoritmo de Viterbi

,,,,, =04 _ _ o o e e -
So=4J max=0.08 b=0.2

5=0.016, @=DT
S=NN" T T 7 7 7 7 max=02b=03 -~~~ ~ -~~~ -~~~ T T o
77777777777 8=0.06, =T _
S54=NNS
S=v8Z -~~~ ~ -~~~ ~"~"~"~"~"~"=/7/7/7>~~" "~ "~ "~ "~ “—" ="/ °7°
Se=vBP ~ T T T T T 7 max=0b=0 _ ~ ~ ~ -~~~ T T T T 777



Ejercicio

ud A |[DT| JJ|[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes
DT 0.4 DT 0.2105| 0.3 DT | 1 0
JJ [0.2 JJ 0.8 0.2 JJ 0.2 0
NN NN 0.1 ] 0.9 NN 0.3]/0.4 0
NNS [ 0.3 NNS 1 NNS 03| 04
Bt VBZ VBZ | 0.5 0.2] 0.3 VBZ 0.6
"y VBP [0.1 VBP [0.4 0402 VBP 07 0
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo- .
diidcttess Op=the O, =kid O3=fishes Oy =fish
Algoritmo de Viterbi X1 X2 X3 X4
5§ =DT  7=04 b=1 ~— ~ T~ T T T T T T 777 b=0" ~ ~ T~ T~ T~ T T 77
,,,,, o0=04_ _ _ _ _ _ _ _ _ ____80e=DT __________.
So=4J max=0.08 b=0.2 b=0
,,,,,,,,,,, 6=0016, =DT _ __ 8=0, @=DT _ _ _ _ _ _ _ _ _ __
S3=NN max=0.2 b=0.3 b=0
,,,,,,,,,,, 5=0.06, =DT_ _ _ _ 8=0,¢=DT _ _ _ _ _ _ _ _ _ __
S54=NNS
S=v8Z -~~~ ~ -~~~ -~~~ -~~~ =~~~ =— "~ "= °7/"7"7"77
S=vBP ~ T~ T T~ T T T T T T T T T T T b=0" ~ T T~ T~ T T T T T



Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Ejercicio

ud A |[DT| JJ|[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes
DT 0.4 DT 0.2105| 0.3 DT | 1
JJ [0.2 JJ 0.8 | 0.2 JJ 0.2
NN NN 0.1 ] 0.9 NN 0.3]/0.4
NNS [ 0.3 NNS 1 NNS 03| 0.4
VBZ VBZ | 0.5 0.2] 0.3 VBZ 0.6
VBP | 0.1 VBP | 0.4 0.4 | 0.2 VBP 0.7
Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
O;1=the Or=kid O3=fishes Oy =fish
X1 Xz X3 Xa
$=DT 704 b=t ~ ~~~~ -~~~ ~ -~~~ -~~~ “~“~"“"~“~“~=—=-—=—===°
5=0.4
S=3 -~ - - - max=00§b=02 ~ ~ T~ T 77
5=0.016, @=DT
S=NN" ~ = T T 7 7 7T max=02b=03 ax02- -~~~ -~ T~ T T T T 777
5=0.06, @=DT
S=NNS ~ T T T T T T T T T T T TS
S=v8Z -~~~ ~ -~~~ -~~~ -~~~ =~~~ =— "~ "= °7/"7"7"77



Ejercicio

T A [DT| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo-

S Eiess O;1=the Or=kid O3=fishes Oy =fish

X1 Xo X3 X4

Algoritmo de Viterbi

So=4J max=0.08 b=0.2
5=0.016, @=DT




Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 0 JJ 0.2

NN NN 0.1 ] 09 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4
S=J1 T~ T T T 7 Tmax=008b=02 -~ -~ -~ 7~7
5=0.016, @=DT
S=NN" ~ T T T 7 7 7T max02b=03\ -~~~ -7 777

5=0.06, @=DT 0
S4=NNS ~— T T T T T T 7 7 7 7 7 7ax00 max=0006b=04 ~ T~ T T T T T T 77
5=0.0024, @=NN
S=vBZ ~ T~ T~ max=0.054 b=0.6 ~ ~ ~ ~ ~ ~ T T 7 7



Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4

S=JJ T T T T T 7T Tmax=008b=02 -~~~ ~ -~~~ -7 7~°
5=0.016, =DT

S=NN" T T T 7 7 7T max=02b=03 ~ -~~~ -~ -7 7~°
5=0.06, =DT

S=NNS T T T T T T 7T T 7T 7T 7 7 7ax09 max=0006b=04 ~ T~ T T T T T 77

5=0.0024, @=NN
S=vBZ ~ ~ T T T T T T T T T T 7 7T max=00s4b=06 ~ ~ T T T T T 77



Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes
DT (0.4 DT 0.2{05] 0.3 DT | 1 0
JJ 0.2 JJ 08| 0.2 JJ 02| 0
NN NN 0.1 ] 0.9 NN 0.3]0.4
NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)

morfo-
diidcttess O;1=the Or=kid O3=fishes Oy =fish
Algoritmo de Viterbi X1 X2 X3 X4
$5=DT 704 b=t ~ ~ -~~~ -~ b=0" ~ T °
5=0.4 5=0, @=DT
S= - - - max=00§b=02 ~ ~ ~ T T T T T T T T T 77 b=0" ~ T °
5=0.016, @=DT 5=0, =DT
S=NN" T T 7 7 7 7 max=02b=03 -~~~ ~ -~~~ -~~~ T T o
6=0.06, =DT
S=NNS T~ T T T T T T T T T T T T T T max=0006b=04 T~ T T T T T T T 77
5=0.0024, @=NN
S=vBZ ~ ~ T T T T T T T T T T T T T Tmax=0054b=06 ~ ~ T T 7 b=0" ~ T~
5=0.0324 @=NN 5=0, =DT



Ejercicio

T A [DT| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]04

NNS [ 0.3 NNS 0 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4

=3 " T T T 7T T 7T Tmax=00§b=02 ~~ "~~~ T~ 77"
5=0.016, @=DT

S3=NN" T T T 7 T 7 7T max=02b=03 T T T T T 7 7 7 7 " 5max=0.0065 b=0.4 ~
5=0.06, =DT

S=NNS T T T T T T T T T T T T T T T max=0006b=047 /T T T T T T 77

5=0.0024, @=NN 30-2
Ss=vBZ ~ T T T T T T T T T T T T T T max=0054b=067" " " T T T T T 77

5=0.0324 @=NN



Ejercicio

T A [DT| JJ[NN|NNS|[VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4

S=J1 T~ T T T 7 Tmax=008b=02 -~ -~ -~ 7~7
5=0.016, =DT

S=NN" ~ T T T T 7T 7T max=02Db=03 ~ ~ ~ T T T T T T 7T T_max=0.0065 b=0.4
5=0.06, @=DT $=0.0026, @=VBZ

S=NNS ~ T T T T T T T T T T T T 7T 7 max=0.006b=04 - - -0 T

5=0.0024, @=NN 2702
S=vBZ ~ ~ T~ T~ T T T T T T T T T 7T 7T "max=0054b=067/ ~ ~ T~ T~ T T 77

5=0.0324 @=NN



Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Ejercicio

i A |DT[ JJ [NN[NNS|VBZ|VBP B | the | kid | fish | fishes
DT |0.4 DT 0.2(05] 0.3 DT | 1

JJ 0.2 JJ 0.8| 0.2 JJ 0.2

NN NN 0.1 | 0.9 NN 0.3]0.4
NNS [ 0.3 NNS 0 1 NNS 03] 0.4
VBZ VBZ | 0.5 02| 0.3 VBZ 0.6
VBP|0.1 VBP | 0.4 0.4] 0.2 VBP 0.7

Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)

O;1=the Or=kid O3=fishes Oy =fish
X1 Xo X3 Xa

$=DT 704 b=t ~ ~~~~ -~~~ ~ -~~~ -~~~ “~“~"“"~“~“~=—=-—=—===°

5=0.4
S=3 -~ - - - max=00§b=02 ~ ~ T~ T 77

5=0.016, @=DT
S=NN"— ~ T T T T 7T 7T max=02b=03 T = T T T 7 7 7 7T 7 7 max=0.0065b=0.4 -
,,,,,,,,,,, 8=006, =DT . g 8=00026, o=VBZ
S4=NNS max=0.006 b=0.4 max=0.0097 b=0.3
5=0.0024, @=NN :

S=VBZ T T T T T T T T T T T T T T T ax=0054b=06-403T T T T T T =~



Ejercicio

ud A |[DT| JJ|[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT 0.4 DT 0.2105| 0.3 DT | 1

JJ [0.2 JJ 0.8 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]/0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Bt VBZ VBZ | 0.5 0.2] 0.3 VBZ 0.6
"y VBP [0.1 VBP [0.4 0402 VBP 07
sintdctico
Etiquetadores Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
morfo-
diidcttess O;1=the Or=kid O3=fishes Oy =fish

X1 Xz X3 Xq

Algoritmo de Viterbi

5=0.4

S=J1 T~ T T T 7 Tmax=008b=02 -~ -~ -~ 7~7
5=0.016, @=DT

S=NN" ~ T T T T 7T 7T max=02Db=03 ~ ~ ~ T T T T 7 7 7 7 max=0.0065 b=0.4

5=0.06, @=DT 5=0.0026, =VBZ




Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Ejercicio

i A |DT[ JJ [NN[NNS|VBZ|VBP B | the | kid | fish | fishes
DT |0.4 DT 0.2(05] 0.3 DT | 1

JJ 0.2 JJ 0.8| 0.2 JJ 0.2

NN NN 0.1 | 0.9 NN 0.3]0.4
NNS [ 0.3 NNS 1 NNS 03] 04
VBZ VBZ | 0.5 02| 0.3 0 VBZ 0.6
VBP|0.1 VBP | 0.4 0.4] 0.2 VBP 0.7

Trellis del Viterbi: Inferencia: 8¢(j) = max(&;—1 (i) * ar‘.j) * b;

jor Pel) = argmax(8;1(i)*a; )

O3 =fishes
X3

max=0.08 b=0.2
5=0.016, @=DT

max=0.0065 b=0.4
6=0.0026, ¢=VBZ

(@
S =0T~ 7-0.4 b=1
5,=J3
S;=NN
3,=NNS
$5=VBZ

max=0.006 b=0.4
$=0.0024, @=NN

max=0.0097 b=0.3
5=0.0029, ¢=VBZ




Etiquetado
morfo-
sintdctico

Etiquetadores
morfo-
sintdcticos

Algoritmo de Viterbi

Ejercicio

ud A |[DT| JJ|[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes
DT 0.4 DT 0.2105| 0.3 DT | 1
JJ [0.2 JJ 0.8 0.2 JJ 0.2
NN NN 0.1 ] 0.9 NN 0.3]/0.4
NNS [ 0.3 NNS 1 NNS 03| 04
VBZ VBZ | 0.5 0.2] 0.3 VBZ 0.6
VBP | 0.1 VBP | 0.4 0.4 | 0.2 VBP 0.7
Trellis del Viterbi: Inferencia: 8¢(j) = max(8:—1(i) *a;;) * bj o,  @¢(j) = argmax(d;—1(i)*a; ;)
O;1=the Or=kid O3=fishes Oy =fish
X1 Xz X3 Xa
$=DT 704 b=t ~ ~~~~ -~~~ ~ -~~~ -~~~ “~“~"“"~“~“~=—=-—=—===°
5=0.4
S=3 -~ - - - max=00§b=02 ~ ~ T~ T 77
5=0.016, @=DT
S=NN" ~ T T T T 7T 7T max=02Db=03 ~ ~ ~ T T T T 7 7 7 7 max=0.0065 b=0.4
$=0.06, @=DT 5=0.0026, @=VBZ
S=NNS ~ T T T T T T T T T T T 7T 7T 7 max=0.006b=04  ~ max=0.0097 b=0.3 "
e e e _ _ _ 5=00024, o=NN  _, 5=0.0029, ¢=VBZ _
S5=VBZ max=0.054 b=0.6
5=0.0324 @=NN
S=vBP ~ T T T T T T T T T T T T T T T T T T T T T T max=0.0024 b=07 "

5=0.0017, @=NNS



Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Finalizacién: X; = argmax; (84(i))
morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4
S=JJ T T T T T 7T Tmax=008b=02 -~~~ ~ -~~~ -7 7~°
5=0.016, @=DT
S=NN"— ~ T T T T 7T 7T max=02b=03 T = T T T 7 7 7 7T 7 7 max=0.0065b=0.4 -
5=0.06, =DT 6=0.0026, @=VBZ
S=NNS ~ T T T T T T T T T T T 7T 7T 7 max=0.006 b=0.4 ~ = max=0.0097 b=0.3 ~
5=0.0024, @=NN 5=0.0029, @=VBZ
S=vBZ ~ ~ T T T T T T T T 7 7T 7T Tmax=0054b=06 ~ ~ T T T T T 77
5=0.0324 @=NN
S=vBP ~ T~ T T T T T T T T T T T T T T T T T T T T T T "max=0.0024 b=07 "

5=0.0017, @=NNS



Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Finalizacién: X; = argmax; (84(i))
morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4
S=JJ T T T T T 7T Tmax=008b=02 -~~~ ~ -~~~ -7 7~°
5=0.016, @=DT
S=NN"— ~ T T T T 7T 7T max=02b=03 T = T T T 7 7 7 7T 7 7 max=0.0065b=0.4 -
5=0.06, =DT $=0.0026, @=VBZ
S=NNS T T T T T T T T T T T T 7T 7T 7 max=0.006 b=0.4 ~ = max=0.0097 b=0.3 ~
5=0.0024, @=NN 5=0.0029, @=VBZ
S=vBZ ~ ~ T T T T T T T T 7 7T 7T Tmax=0054b=06 ~ ~ T T T T T 77
5=0.0324 @=NN
S=vBP ~ T~ T T T T T T T T T T T T T T T T T T T T T T "max=0.0024 b=07 "

5=0.0017, =NNS



Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Reconstruccién del camino: X¢ = @ (Xp41)

morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4
S=JJ T T T T T 7T Tmax=008b=02 -~~~ ~ -~~~ -7 7~°
5=0.016, @=DT
S=NN"— ~ T T T T 7T 7T max=02b=03 T = T T T 7 7 7 7T 7 7 max=0.0065b=0.4 -
5=0.06, =DT $=0.0026, @=VBZ
S=NNS T T T T T T T T T T T T 7T 7T 7 max=0.006 b=0.4 ~ = max=0.0097 b=0.3 ~
5=0.0024, @=NN 5=0.0029, =VBZ
S=vBZ ~ ~ T T T T T T T T 7 7T 7T Tmax=0054b=06 ~ ~ T T T T T 77
5=0.0324 @=NN
S=vBP ~ T~ T T T T T T T T T T T T T T T T T T T T T T "max=0.0024 b=07 "

5=0.0017, =NNS



Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Reconstruccién del camino: X¢ = @ (Xp41)

morfo-

sintdcticos OT;the OZ;kid O3 *XfISheS OA;(‘Hsh
Algoritmo de Viterbi 1 2 3 4

5=0.4
S=JJ T T T T T 7T Tmax=008b=02 -~~~ ~ -~~~ -7 7~°
5=0.016, @=DT
S=NN"— ~ T T T T 7T 7T max=02b=03 T = T T T 7 7 7 7T 7 7 max=0.0065b=0.4 -
5=0.06, =DT $=0.0026, @=VBZ
S=NNS ~ T T T T T T T T T T T 7T 7T 7 max=0.006 b=0.4 ~ = max=0.0097 b=0.3 ~
5=0.0024, @=NN 5=0.0029, @=VBZ
S=vBZ ~ T T T T T T T T T T 7T 7T 7T Tmax=0054b=06 ~ ~ ~ T T T 77
5=0.0324 @=NN
S=vBP ~ T~ T~ T T T T T T T T T T T T T T T T T T T T "max=0.0024 b=07 "

5=0.0017, =NNS



Ejercicio

T A [DT| JJ[NN|NNS|VBZ]|VBP B | the | kid | fish | fishes

DT (0.4 DT 0.2{05] 0.3 DT | 1

JJ 0.2 JJ 08| 0.2 JJ 0.2

NN NN 0.1 ] 0.9 NN 0.3]0.4

NNS [ 0.3 NNS 1 NNS 03| 04
Etiquetado VBZ VBZ | 0.5 0.2 0.3 VBZ 0.6
— VBP|0.1 VBP | 0.4 04| 0.2 VBP 0.7
sintdctico

Etiquetadores Trellis del Viterbi: Reconstruccién del camino: X¢ = @ (Xp41)

morfo-

sintdcticos OT;the 02;kid O3 *Xflshes OA;(Msh
Algoritmo de Viterbi 1 2 3 4

5=0.4
S=JJ T T T T T 7T Tmax=008b=02 -~~~ ~ -~~~ -7 7~°
5=0.016, @=DT
S=NN"— ~ T T T T 7T 7T max=02b=03 T = T T T 7 7 7 7T 7 7 max=0.0065b=0.4 -
5=0.06, @=DT $=0.0026, @=VBZ
S=NNS ~ T T T T T T T T T T T 7T 7T 7 max=0.006 b=0.4 ~ = max=0.0097 b=0.3 ~
5=0.0024, @=NN 5=0.0029, @=VBZ
S=vBZ ~ ~ T T T T T T T T 7 7T 7T Tmax=0054b=06 ~ ~ T T T T T 77
5=0.0324 @=NN
S=vBP ~ T~ T T T T T T T T T T T T T T T T T T T T T T "max=0.0024 b=07 "

5=0.0017, =NNS
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