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What is part of speech?

Why not learn something ?

adverb adverb verb noun punctuation
mark,
sentence
closer
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Part of speech (POS) tagging

Part of speech tags:
lexical term tag example
noun NN something,
nothing
verb VB learn, study
determiner DT the, a

w-adverb WRE why, where

®©) deeplearning.ai



Part of speech (POS) tagging

Part of speech tags:
lexical term tag example
noun MM something, .
nothing Why not learn something ?
verb VB learn, study WRB RB VB NN
determiner DT the, a

w-adverb WRE why, where
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Applications of POS tagging
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Named entities
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Applications of POS tagging
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Named entities Co-reference resolution
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Applications of POS tagging
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Mamed entities Co-reference resolution Speech recognition
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Example

Why not learn ..

verb
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Example

Why not learn .
verb wverb?

noun?
LEN ] ?
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Part of Speech Dependencies

Why not learn W

verb verb?

noun?
?
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Part of Speech Dependencies

Why not learn .

verb verb?

“= noun?
?
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Visual Representation
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What are Markov chains?
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States

Q — {qlquvfi'.'}}
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Markov Chains
and PQS Tags




POS tags as States
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Transition probabilities
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Transition probabilities
D‘-‘-I

02(
@ ' Why not [€aFR something ?

\ o2 n 3/ /
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06\ \ @ /us
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Transition probabilities
0.4

Why not |E3FH SOMGERING *
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The transition matrix

0.4
s B h
02
ﬂ 2 .-"'PI-HH_ ll_.--' -
“(_ NN VB o
, NN 0.2 0.2 0.6
I'. 'n A p— | |
\ 02 VB 0.4 0.3 0.3
'-llll. % |
0.6 ‘*\\Mx o 0.2 0.3 0.5
\_/
0.5
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The transition matrix

NN VB O
NN 0.2 0.2 0.6
A=
VB 0.4 0.3 0.3
O 0.2 0.3 0.5
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The transition matrix
0.4

NN VB O
NN 0.2 0.2 0.6
A=
VB 0.4 0.3 0.3
O 0.2 0.3 0.5

N

E i =

i=1

@) deeplearning.ai




The first word

04
02( (
Why not learn something 7
\ NN?
J.-' ."
0.6\ \\M / /0.3 0?
- c_’/ — /
.
0.5
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Initial probabilities

0.4
/#,-*“f- - - h
0.2/ 02 NN VB 0
il o x 0.4 0.1 05
e T
| 1 A = NN 0.2 02 | 06
\ \02
0.6\ \ 0.5 VB 0.4 03 | 03
N 0 02 = 03 05
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Transition table and matrix

NN VB o)
z 0.4 0.1 0.5 (g; gé gg
A= NN 0.2 02 | 06 A= 04 03 0.3
VB 0.4 0.3 0.3 \0_2 0.3 0.5

O 0.2 0.3 0.5
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Summary

States Transition matrix
al.1 .o ay N
Q={q,.--,qan} A=
CdN4+11 -+ OGN41I. N
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Hidden Markov Model
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jump = verb
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jump = verb jump =7?
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“omamar’

jump = verb jump
run =verb run
fly = verb fly
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@ o

jump = verb jump |
run = verb run
fly = verb fly
*observable
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Transition probabilities

0.4
/ — B B %"HH
e S
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I"n.h_d_--.-J --"I r ‘:"._'I:— y, :
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Emission probabilities
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Emission probabilities

e T~ < goin
Af N\ Y going
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Emission probabilities

L~ = « going
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Emission probabilities

in
BRI going | to | eat
to NN 0.5 0.1 | 0.02
i B ——
eat VB 03 |01 ‘0.5

O 0.3 0.5 | 0.68
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Emission probabilities

going | to | eat

NN 0.5 0.1 | 0.02
B =

VB 0.3 0.1 ‘D.S

9] 0.3 0.5 | 0.68
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The emission matrix

going to | eat v
E bij —
NN 0.5 0.1 | 0.02 :
B = | J=
VB 0.3 0.1 |05
O 0.3 0.5 | 0.68
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The emission matrix

going to | eat 4
E bi j = 1
NN 0.5 0.1 | 0.02 :
B = | j=1
VB 0.3 0.1 |05

| He lay on his back.

®) 0.3 0.5 | 0.68 'l be back.
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Summary

States Transition matrix Emission matrix
ai.i a1,N b11 blb"
Qz{Ql!"'EQN} A= B =
ﬂ,N+111 ﬂN+1,N le bNV
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Transition probabilities

The oatmeal
You eat

COrpus
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Transition probabilities

- -
- | Count: 2
]

COrpus

ing.ai
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Transition probabilities

COrpus

ing.ai
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Transition probabilities

- -
- | Count: 2
]

COrpus

ing.ai
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Transition probabilities

1 B
- Count: 2

1 .

Count: 3

COrpuUs

ing.ai
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Transition probabilities

-
] transition probability: [ + B = 24
]

COrpus
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Transition probabilities

? ‘a 1. Countoccurrences of tag pairs
C(ti-1,t:)

A\ ,a"l

?
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Transition probabilities

1. Countoccurrences of tag pairs
C(ti-1,t:)
2. Calculate probabilities using the counts
C(ti—1,t;)
N
Z_-;‘:l C(ti—lvtj)

P(t;|ti—1) =
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The corpus

In a Station of the Metro

The apparition of these faces in the crowd :

Petals on a wet, black bough.

Ezra Pound - 1913
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Preparation of the corpus

<s> |n a Station of the Metro

<s> The apparition of these faces in the crowd :

<s> Petals on awet, black bough .

Ezra Pound - 1913
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Populating the
Transition
Ma_trix




Populating the transition matrix

NN VB 0
K <5> jn a station of the metro
A = NN <s> the apparition of these faces in the crowd :
VE <s> petals on a wet, black bough .
O Ezra Pound - 1913
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Populating the transition matrix

<5> in a station of the metro

<s> the apparition of these faces in the crowd :

<s5> petals on a wet, black bough .

Ezra Pound - 1913
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Populating the transition matrix

NN

C(m,NN) <s5> in a station of the metro

C'(NN,NN) <5> the apparition of these faces in the crowd :

<5> petals on awet, black bough .
C(VB,NN)

C(O,NN) Ezra Pound - 1913

ing.ai
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Populating the transition matrix

VB

1 ‘ <s5> in a station of the metro

C'(NN,NN) <s> the apparition of these faces in the crowd :

<s> 8 on awet, black bough .
C(VB,NN) — g

C(O,NN) Ezra Pound - 1913

ing.ai
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Populating the transition matrix

1 <s> in a station of the metro

0 <s> the apparition of these faces inthe crowd :

<s> petals on a wet, black bough .

C(VB,NN)

C(O,NN) Ezra Pound - 1913

ing.ai
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Populating the transition matrix

<s> in a station of the metro

<5> the apparition of these faces in the crowd :

<5> petals on a wet, black bough .

Ezra Pound - 1913

ing.ai
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Populating the transition matrix

<s> in SSEENEN of EREMEin
<5> the apparition of these faces in the crowd ;
<s> petals on a wet , BISCKBONEH .

Ezra Pound - 1913

ing.ai
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Populating the transition matrix

<s> in a station of the metro

<s> the apparition of these faces in the crowd :

<s5> petals on a wet, black bough .

Ezra Pound - 1913

ing.ai
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Populating the transition matrix

=85 In a station of the metro

=6>the apparition of these faces in the crowd :

<s5> petals on a wet, black bough .

Ezra Pound - 1913

ing.ai
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Populating the transition matrix

<s> in a stationof the metro

<5> the apparitionof these facesin the crowd:

<s> petalson a wet , black bough'

Ezra Pound - 1913

ing.ai
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Populating the transition matrix

<s> Ina station ofthe metro

<s> the apparition ofthese faces inthe crowd :

<s> petals onawet, black bough .

Ezra Pound - 1913

ing.ai
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Populating the transition matrix

NN VB 0
: 1 0 2
C{:ti—'lﬁti)
A= NN 0 0 6 P(tilti-1) = —x
>_j=1C(ti—1,t;)
VB 0 0 0
0 6 0 8
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Populating the transition matrix

NN VB 0
. 1 0 2 3 AT |
|C(@NN)|
A= NN 0 0 6 6 P(NNj|~) j—h = =
. ijl C(TI‘, tj) 3
VB 0 0 0 0
0 6 0 8 14
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Populating the transition matrix

NN VB 0
’ ' ° ‘ > CONN)| 6
A = NN 0 0 6 6 P(NN|O) = : -
| 3;21C(0,t) | 14
VB 0 0 0 0
0 6 0 8 14
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Smoothing

NN VB 0
s 1+& O+e p e TR L ( )
C(ti—1,t;) +|e
A= NN O+¢ O+e 6+ | 6+3%c | P(tilti-1) = — i-1)%
| | | 2i=1 C(ti—1,t;) +|N|+{e
vB O+e O+¢ O+e 0+3%¢
O 6+¢ O+e 8+¢ | 14+3%
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Smoothing

NN VB 0
. 03333 00003 0.6663 ( )
' ' C f,'_l L;) + €
A = NN 00001 00001  0.9996 P(tilti-1) = ———
| Zj:]c(ti—lﬁtj)+N*E
VB 03333 | 03333  0.3333
0 04285  0.0000 0.5713
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Populating the
Emission
Ma_trix




Emission probabilities

The oatmeal
You eat

COrpus
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Emission probabilities

Count: 2

COrpus

ing.ai
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Emission probabilities

COrpus

ing.ai
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Emission probabilities

emission probability: You = %

COrpus

ing.ai
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The emission matrix

NN <s> in a station of the metro

B = VB <s>the apparition of these faces in the crowd :

<s> petals on a wet, black bough .

Ezra Pound - 1913
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The emission matrix

<5> in a station of the metro
<5> the apparition of these faces in the crowd :

<s5> petals on a wet, black bough .

Ezra Pound - 1913

ing.ai
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The emission matrix

<s5> in a station of the metro
<s> the apparition of these faces in the crowd :

<s> petals on a wet, black bough .

Ezra Pound - 1913

ing.ai
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The emission matrix

<s> in a station of the metro
<5> the apparition of these faces in the crowd :

<s5> petals on a wet, black bough .

Ezra Pound - 1913
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The emission matrix

<s> Wil a station of the metro
<5> the apparition of these faces il the crowd :

<s> petals on a wet, black bough .

Ezra Pound - 1913

ing.ai
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The emission matrix

It 8 Cl(t;, w;) + ¢
~ D P(wilts) = <)
| | Zj=1 C{thwj') + N %€
B = VB 0  C(ti,w;) + ¢
o) | 2 | ~ C(ti)+ N xe
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Summary

1. Calculate transition and emission matrix

2. How to apply smoothing
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Why not learn something ?
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Why not learn something ?

) 5 -t 3 E
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Viterbi algorithm - a graph algorithm
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Viterbi algorithm - agraph algorithm

R

love — A
lmﬁl ) / — x‘“\ .
"\. "' N ':J___f-"'- -. .-. e Y 1'_. L /‘f

F %
] S
T L = - ;fr =

T ¥

NN~ 1 f-* VB

|~ ’ -\""\-._\__" P _.

[_\. = 1 # .:l' "-.\_ i \

e L ] e oo

- | i

i [ learn <s> | love to learn
[ f

pony eat

sweets
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Viterbi algorithm - a graph algorithm

love — T A
\N OV — N\ love
.\"'-.}_"11 _d H\jlf'}'_‘ll‘.:*; /r
ny |\ -~ : /> eat
s /INN ~ T Ve e{’
T e \ = T rT \«
sweets | A - | learn <s> | love to learn
\ O\ 0. /] A
5 N i .-'II n — G
L A ) /
\ - b«
. — < 0.15
\\H\"‘-—_ -'I;‘ '_.-': —
0.5 —
¥ -\--\""'h
‘ I to ‘ you ‘
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Viterbi algorithm - a graph algorithm

love — T A
\N OV — N\ love
.\"'-.}_"11 _d H\jlf'}'_‘ll‘.:*; /r
ny |\ -~ : /> eat
s /INN ~ T Ve e{’
T 'y \ = T rT \«
sweets | A - | learn <s> | love to learn
\ O\ 0. /] A
5 N i .-'II n — G
L A ) /
\ - b«
. — < 0.15
\\H\"‘-—_ -'I;‘ '_.-': —
0.5 —
¥ -\--\""'h
‘ I to ‘ you ‘
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Viterbi algorithm - a graph algorithm

eat

learn
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love to
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Viterbi algorithm - a graph algorithm

love love
pony eat
sweets learn <s> | love to learn
4 4
x>0 =>VB
0.15 0.25
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Viterbi algorithm - a graph algorithm

eat

learn <s> | love to learn

A 0 0
x>0 ->VB->0

0.15 0.25 0.08
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Viterbi algorithm - a graph algorithm

love

pony

sweets

eat

learn

©) deeplearning.ai

<s> | love to learn

A 4 4 0
=0 ->VB->0->VB

0.15 0.25 008 0.1



Viterbi algorithm - a graph algorithm

love

pony

eat

sweets

learn

<s> | love to learn

A A A4
=0 =>VB-=>0-=>VB

0.15%*0.25 * 0.08 *0.1

Probability for this sequence of
hidden states: 0.0003
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Viterbi algorithm - Steps

1. Initialization step
2. Forward pass
3. Backward pass
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Viterbi algorithm - Steps

W1 Wz WH
t1
( =
1. Initialization step
2. Forward pass f
3. Backward pass - w -
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Viterbi algorithm - Steps

1. Initialization step
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Initialization step

w1 w! wl{
t C
C _ 1 1,1
tN .:N1
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Initialization step

T S
~
‘ w W:J ‘ W'a \
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Initialization step

W1 WE WH
t C
C _ 1 1,1
tN ':Ni

Ci,1 =|Tq|* bi,cindﬂr[wl}

= a1, * bi,cindex(wl]
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Initialization step

“"1 1 2 K
t d
1 11
w, D=
_va 5 tN dN 1

=

| ._.____, - .-.H-;__RHH
W‘.J ‘ W'a \
@) deeplearning.ai




Initialization step

w1 w! WH
t d
1 11
1) =
tN dNi
d;ﬂ =0
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Viterbi algorithm - Steps

2. Forward pass
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Forward pass

I|N1 w! WH
C t1 ¢ 11 c'lj 1":'1 K
tN EN.l CN 2 EN K
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Forward pass

W, wz Wy
C t‘ €.l Ci2 Cix
tN Cnt Crz E“ K

Cij = I’Ilf:i.}t Ck,j—1 * Q4 * bi,{:iﬂdﬁﬂﬂ{wj]
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Forward pass

1 2 K
C t‘-l c 11 c'l,E 1":'1 K
tN EN.l CN 2 EN K

Cl,2 = MAXCk,1 * Qk,1 * D1, cindex(ws)
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Forward pass

1 2 K
C ti ¢ 11 c'l,E 1":'1 K
tN EN.l CN 2 EN K

Cl,2 = MAXCk,1 * Qk,1 * D1, cindex(ws)
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Forward pass

bl,cinder{wg]
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Forward pass

C1,2 = MAX|Ck,1 [¥ Bk,1

bl,cindem(w;]
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Forward pass

Cij = mg.x Ck,j—1 * Ak 4 * bi,ﬂiﬂdﬁﬂ:{wj]

di,j = a,rgﬂ]}?.}{ Ck,j—1 * Ak q * bi,cindﬁ:c{wj}
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Viterbi algorithm - Steps

3. Backward pass
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Backward pass

w'l WE WH w*l WE WH
C ti . El,‘l _ C‘l-E . l::1,I-'-’. D t1 di,‘l d‘l,E d 1.K
tN EH 1 CN..E l::f'-«l K tN dN. 1 dN.E dh-I.H

§ = argmax c; g
i
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Backward pass

w'l WE WH w*l WE WH
C ti . El,‘l C‘l-E l:1,I-'-’. D t1 di,‘l d‘l,E d 1.K
tN l:hl 1 CN..E l::r'-«l K tN dl"-l. 1 dH.E th.H

§ = argmax ¢; g
i
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Backward pass

w'l WE WH w*l WE WH
C ti . El,‘l C‘l-E l:1,I-'-’. D t1 di,‘l d‘l,E d 1.K
tN l:hl 1 CN..E l::r'-«l K tN dl"-l. 1 dH.E dN.H

§ = argmax ¢; g ‘
i
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Backward pass

W1 WE Ws Wd Wﬁ

3 0 1 3 2 1

D= t, 0 2 4 2 3
t, 0 2 | 4 4 4

t 0 4 4 3 1
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Backward pass

| W1 WE '1.|"l.|"3 W, Wﬁ
.t1 0 1 3 2 1 <s> wl w2 w3 wd w5
D=y 0| 2| 4| 2|3
t, 0 2 4 4 4
t 0 4 4 3 1

®©) deeplearning.ai



Backward pass

| | W, | W, | W, | W, W,

t, | 025 | 0125 | 0.025 | 0.0125 | 0.01
C= .tz 01 0025 005 | 001 | 0003
t, 03 | 005 0025 002 |0.0000
t, 0.2 01 0000 | 00025 | 0.0003

§ = argmaxc; g = 1
1
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Backward pass

W1 WE WE | W, Wﬁ

t, 0 1 3 | 2 3 <s> wl w2 w3 wd w5
D=y 0| 2 | 4 | 1 3
t, 0 2 4 | 1 4
0 4 4 | 3 1

§ = argmaxc; g = 1
1
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Backward pass

W1 WE WE | W, Wﬁ
.t1 0 1 3 | 2 3 <s> wl w2 w3 wd w5
D=y 0o 2 4 | 1 3 t)
t, 0 2 4 1 4
t 0 4 4 3 1
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Backward pass

| W1 WE '1.|"l.|"3 | Wd Wﬁ
.t1 0 1 3 | 2 <s> wl w2 w3 wd wh
D=y o2 | 4|1/ 3 bt
t, 0 2 4 1 4
t 0 4 4 3 1
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Backward pass

| W, W, W, _ W, W,
.t1 0 1 3 | 2 3 <s> wl w2 w3 wd wh
D=t 0 2 4 1 3
2 tj_ tE tl
1:3 0 2 4 1 4
t 0 4 4 3 1
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Backward pass

| W1 WE Ws | W, Wﬁ
_t1 0 1 3 _ 2 3 \ <s> wl w2 w3 w4 w5
D=t o | 2| 4|1/ 3
- ti tE tl
t, 0 2 4 1 4
t 0 4 4 3 1
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Backward pass

=
=
£
=
£

_3_\2‘3\ <s> wl w2 w3 wd wh

o O O | O

BRI .
.
‘..L
I
(4% ]
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Backward pass

=
=
=
=
-

_3_\2‘3\ <s> wl w2 w3 wd w5

=R = =]

BRI .
.
‘..L
I
(4% ]
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Backward pass

W, W, W, W, W,
t1 0 1 ‘ 2 \ 2 ‘ 3 \ <s> wl w2 w3 wd wh
D=t 0 2 4 1 3
i t':] t1 tE tl
t3 0 z ‘ 4 ‘ 1 \ 4
t 0 4 4 3 1
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Backward pass

W, W, W, W, W,
t1 0 1 3 2 3 | <s> wl w2 w3 wd wh
D=t 0 2 4 1 3
2 T tz ta ti t3 tl
t3 0 2 4 1 4
t 0 4 4 3 1
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Implementation notes
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Implementation notes

1. InPython index starts with O!
2. Uselogprobabilities

Cij = I’l‘li?,}t Ck,j—1 ¥ Qf i ¥ bz‘,cindem(wj]

Eﬂg(ci,j) = HIE.J{ Eﬂg(c-‘f*j—l) + Jﬂg(ﬂkd) ip Eﬂg(bi,cindex(wﬂ)
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