Learning objectives

e Whatis autocorrect?

e Building the model

e Minimum edit distance

¢ Minimum edit distance algorithm
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What is autocorrect?

e Phones
e Tlablets
e Computers
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What is autocorrect?

e Example:

Happy birthday deah friend! **+
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What is autocorrect ?

e Example:

Happy birthday.dear friend! ,f'::.‘._

Na—p—
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What is autocorrect?

e Example:

Happy birthday deer friend! h 27
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How it works

|ldentify a misspelled word

Find strings n edit distance away
Filter candidates

Calculate word probabilities

call S
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How it works

O
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ldentify a misspelled word

Find strings n edit distance away
Filter candidates

Calculate word probabilities

= W N
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How it works

1. Identify a misspelled word deah
2. Find strings n edit distance away _eah
3. Filter candidates d_ar
4. Calculate word probabilities de r
.. etc
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How it works

1. ldentify a misspelled word deah
2. Find strings n edit distance away yeah
3. Filter candidates dear
4. Calculate word probabilities dean

etc
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How it works

|dentify a misspelled word
Find strings n edit distanceaway Y& dil
Filter candidates | g]ggn: :
Calculate word probabilities

ool ol
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How it works
— dear

|ldentify a misspelled word

Find strings n edit distance away
Filter candidates

Calculate word probabilities

e
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Building the model

1. ldentify a misspelled word

deah?? (1F
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Building the model

1. ldentify a misspelled word

if word not in vocab: deah ?? (F_D
misspelled = True -
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Building the model

1. ldentify a misspelled word

if word not in vocab: deah
misspelled = True
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Building the model

1. ldentify a misspelled word

if word not in vocab: deah

misspelled = True x
Happy blrthday deer ! h . u#
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Building the model

2. Find strings n edit distance away
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Building the model

2. Find strings n edit distance away

e Edit: an operation performed on a string to change it
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Building the model

2. Find strings n edit distance away
e Edit: an operation performed on a string to change it

e Insert (add aletter)
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Building the model

2. Find strings n edit distance away

e Edit: an operation performed on a string to change it

e Insert (add aletter) ‘to”: ‘top) ‘two’ ...
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Building the model

2. Find strings n edit distance away
e Edit: an operation performed on a string to change it

e Insert (add aletter) ‘to”: ‘top) ‘two’ ...
e Delete (remove aletter)
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Building the model

2. Find strings n edit distance away
e Edit: an operation performed on a string to change it

e Insert (add aletter) ‘to”: ‘top) ‘two’ ...
e Delete (remove aletter) ‘hat’: ‘ha’, ‘at’, ‘ht’
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Building the model

2. Find strings n edit distance away
e Edit: an operation performed on a string to change it
e Insert (add aletter) ‘to”: ‘top) ‘two' ...

e Delete (remove aletter) ‘hat’: ‘ha’, ‘at’, ‘ht’
e Switch (swap 2 adjacent letters)
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Building the model

2. Find strings n edit distance away

e Edit: an operation performed on a string to change it

e Insert (add aletter) ‘to”: ‘top) ‘two’ ...
e Delete (remove aletter) ‘hat’;: ‘ha’, ‘at’, ‘ht’
e Switch (swap 2 adjacent letters) ‘eta’; ‘eat’, ‘ted’
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Building the model

2. Find strings n edit distance away

e Edit: an operation performed on a string to change it

e Insert (add aletter) ‘to”: ‘top) ‘two’ ...
e Delete (remove aletter) ‘hat’: ‘ha’, ‘at’, ‘ht’
e Switch (swap 2 adjacent letters) ‘eta’; ‘eat’, ‘ted’ ‘ate’ X
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Building the model

2. Find strings n edit distance away

e Edit: an operation performed on a string to change it

e Insert (add aletter) ‘to”: ‘top) ‘two’ ...
e Delete (remove aletter) ‘hat’; ‘ha’, ‘at’, ‘ht’
e Switch (swap 2 adjacent letters) ‘eta’; ‘eat’, ‘ted’

e Replace(change 1 letter to another)
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Building the model

2. Find strings n edit distance away

e Edit: an operation performed on a string to change it

e Insert (add aletter) ‘to”: ‘top) ‘two’ ...
e Delete (remove aletter) ‘hat’; ‘ha’, ‘at’, ‘ht’
e Switch (swap 2 adjacent letters) ‘eta’; ‘eat’, ‘tead’

e Replace(change 1 letter to another)| ‘jaw’: ‘jar’, ‘paw, ...

@) deeplearning.ai



Building the model

2. Find strings n edit distance away

e Given astring find all possible strings

that are n edit distance away using
o Input
o Delete
o Switch
o Replace
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Building the model

2. Find strings n edit distance away

e Given astring find all possible strings deah
that are n edit distance away using " eah

o Input i |

o Delete | d—ar I

o Switch Laein

o) REDIHCE : Etc :
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Building the model

Identify a misspelled word

Find strings n edit distance away
Filter candidates

Calculate word probabilities

PlLN P
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Building the model

3. Filter candidates

deah
_eah
d ar
de r
.. etc
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Building the model

3. Filter candidates

deah

'yeah:
— dear
‘dean!
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Building the model

|ldentify a misspelled word

Find strings n edit distance away
Filter candidates

Calculate word probabilities

ol o
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Building the model

4, Calculate word probabilities
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Building the model

4, Calculate word probabilities

Word Count
Example: “| am happy because | am learning” ' 2
am 2
happy 1
because 1
learning 1
Total: 7

®©) deeplearning.ai



Building the model

4, Calculate word probabilities

Word Count
Example: 'l am happy because | am learning” | 2
am 2
happy 1
because 1
learning 1
Total: 7

®©) deeplearning.ai



Building the model

4, Calculate word probabilities

Word Count
Example: “llam/happy because llam|learning” ! G
am 2
happy 1
because 1
learning 1
Total: 7
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Building the model

4, Calculate word probabilities

Word Count
Example: “| am happy because | am learning” ' 2
am 2
happy 1
because 1
learning 1
Total: 7
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Building the model

4, Calculate word probabilities

Word Count
Example: “| am happy because | am learning” ' 2
am 2
C(w)

Plw) = % happy 1
because 1

P(’U-‘) Probability of a word learning =
C ?’( fu_:j Number of times the word appears Total: 7

Lf’ Total size of the corpus
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Building the model

4, Calculate word probabilities

Word Count
Example: “| am happy because | am learning” ! 2
am 2
C(w) Clam) 2

P(U:’) — v F(::llll:l — — = — happy 1
L : because 1

P(’U-‘) Probability of a word learning A
C ?’(u_rj Number of times the word appears Total: 7

Lf’ Total size of the corpus
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Building the model

4, Calculate word probabilities
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Building the model

4, Calculate word probabilities
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Summary

1. ldentify a misspelled word
2. Find strings n edit distance away

Insert
Delete
Switch
Replace

3. Filter candidates
4, Calculate word probabilities

C'(w
P(w) = 1&; )
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Summary

1. lIdentify a misspelledworda
2. Find strings n edit distance away : deah :

Insert L — — ]
Delete
Switch
Replace

3. Filter candidates
4, Calculate word probabilities

C'(w
P(w) = t )
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Summary

1. ldentify a misspelled word
2. Find strings n edit distance away deah

Insert
Delete
Switch
Replace

3. Filter candidates
4, Calculate word probabilities

C(w)
P(’U-‘] — %
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Summary

1. ldentify a misspelled word

2. Find strings n edit distance away deah
_eah

| Filt;e:la;ndidates d—ar

4, Calculate word probabilities de_r
Py = €
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Summary

1. ldentify a misspelled word

2. Find strings n edit distance away deah
Insert
Switch yeah
Replace
3. Filter candidates dear
4. Calculate word probabilities dean
| C(w) ... etc
P(w) = —
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Summary

1. ldentify a misspelled word

2. Find strings n edit distance away deah
Insert
Switch yeah
Replace
3. Filter candidates dear
4. Calculate word probabilities dean
| C(w) ... etc
P(w) = —
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Summary

1. ldentify a misspelled word

2. Finfln::rings n edit distance away — dear
- yeah.
Replace
3. Filter candidates :.c_i?qr_:
4. Calculate word probabilities dean
C'(w) ... etc
P(w) = >
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Minimum edit distance

e How to evaluate similarity between 2 strings?

e Minimum number of edits needed to transform 1 string
into the other

e Spelling correction, document similarity, machine
translation, DNA sequencing, and more
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Minimum edit distance

e Edits:
e |[nsert (add aletter) ‘to: "top) ‘two' ...
e Delete (remove aletter) ‘hat’: ‘ha) ‘at, ‘ht’

e Replace(change 1 letter to another) ‘jaw’:‘jar’ ‘paw, ...
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Minimum edit distance

e Example:
Source: p | a/ vy
Target: s | t|a]|y
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Minimum edit distance

e Example:
Source: pill a/ vy
Target: s |t aly

p — s:replace
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Minimum edit distance

e Example:
Source: pill a/ vy
Target: s |t al|y

p — s:replace
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Minimum edit distance

e Example:

Source: pll !l ||a]y

Target: s| t||la|y

p — s:replace
| =t :replace
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Minimum edit distance

e Example:

Source: p | al|y

Target: s | t| aly

p — s:replace
| =t :replace
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Minimum edit distance

e Example:

Source: p I aly

Target: s |t al|y

p — s:replace
| =t :replace
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Minimum edit distance

e Example:

Source: p | a vy

Target: s t a vy

p — s:replace edits = 2
| =t :replace
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Minimum edit distance

_ Edit cost:
e Example: Insert 1
Delete 1
Source: p I aly Replace 2
Target: s t a |y

| =t :replace
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p — s:replace }edit5=2




Minimum edit distance

_ Edit cost:
e Example: Insert 1
Delete 1
Source: p I aly Replace 2
# edit distance=2%*2=4

Target: s t a|y

p — s:replace edits = 2
| =t :replace
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Minimum edit distance

e Example:

cloln|v| io|l |[ultli |leln|lall ([ n|lelulrlall Inle|t wl|lo|r |k
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Minimum edit distance

e Example:
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Minimum edit distance

Source: play — Target: stay o 1 2
# | s t a |y
i
P
|
d
y
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Minimum edit distance

|———————

' Source: ;:nl.en,'r — Target: stay 2
# | s t a |y
#
|l
| P |
l [
b :
I |
a |
! |
Iy |
| 4
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Minimum edit distance

I_-___-_

Source: play —Target: ftf‘?' _____ EPE
¢ t | a|y |
- 4 S SN S S |

P

|

a

y
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Minimum edit distance

Source: play — Target: stay
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Minimum edit distance

Source: play — Target: stay o 1 2 3 4
# | s t a |y
1|
1
B
| |
1 2 1
1
| 31 a
1|
1 4 1|0
L — |
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Minimum edit distance

Source: play — Target: stay {2
# | s t a |y
D[] — e
i # | |
, |
P :
| : l
: |
al '
: |
Y I
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Minimum edit distance

Source: play — Target: stay o 1 2
# i s |t |a]|y
D[] | L
o ¥
o
D[2,3] = pl — sta e
| ] -
: | |
— L
d
y
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Minimum edit distance

Source: play — Target: stay o 1 2

B I B B OB N

DI ] | L1

D[2,3] = pl — sta

D[2,3] = source[:2] — target|:3]

' |
'-t':nl—ﬂlilt
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Minimum edit distance

Source: play — Target: stay 1 2
#1s |t | a]|y
D[] A
i, #
D[2,3] = pl — sta e
| ] -
| | .
D[2,3] = source[:2] — target[:3] I | E—
d
D[i,j]= source[:i] — target[:j] y
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Minimum edit distance

Source: play — Target: stay r 2
# | s t a |y
D[] — b
il # | |
|
D[i,j]= source[:i]— target[:j] p: |
) I
| : l
: |
al '
: |
Y I

®©) deeplearning.ai



Minimum edit distance

Source: play — Target: stay r 2
# | s t a |y
D[]
#
D[i,j]= source[:i] — target[:j] Sl p
|
D[ m,n]= source — target
= |
0
y : J
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Minimum edit distance

Source: play — Target: stay o 1 2
# | s t a |y
D[] .
Y "
D[i,j]= source[:i] — target[:j] |l p
[ ‘ B
D[ m,n]= source — target
= |
y
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Minimum edit distance

Source: play — Target: stay o 1 2 3
Cost:insert: 1, delete: 1, replace: 2 "3 [ P e
#
P
I
| a
+ Y
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost:insert: 1, delete: 1, replace: 2

0 | |
4o # L i
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost: insert: 1, delete: 1, replace: 2

H

3+
l ©

p—#
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost:insert: 1, delete: 1, replace: 2 2
p— # B °
delete ey 1|
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Minimum edit distance

Source: play — Target: stay r 2
Cost:insert: 1, delete: 1, replace: 2 g | s
i, | |
#—s i © L
P 1
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Minimum edit distance

Source: play — Target: stay r 2
Cost:insert: 1, delete: 1, replace: 2 g | s
i, | |
#—s # 0 | 1_ _,I
insert rlp |1
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Minimum edit distance

Source: play — Target: stay {2
Cost:insert: 1, delete: 1, replace: 2 g | s
p—s . ° |
pl 1] |
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Minimum edit distance

Source: play — Target: stay 1 2
Cost:insert: 1, delete: 1, replace: 2 g | s
p—s - R
insert + delete: p = ps = s e 1|
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Minimum edit distance

Source: play — Target: stay
Cost: insert: 1, delete: 1, replace: 2

# S
D—s o # 1 0 |1
Insert+ delete: p — ps — s el 1! .
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Minimum edit distance

Source: play — Target: stay 1 2
Cost: insert: 1, delete: 1, replace: 2 g | s
p—s . °
insert+ delete: p = ps —+s: 2 e |1 :
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Minimum edit distance

Source: play — Target: stay 1 2
Cost:insert: 1, delete: 1, replace: 2 ¢ | s
p—s = 0
insert+ delete: p = ps —+s: 2 e 1, :

delete + insert: p =+ # — s
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Minimum edit distance

Source: play — Target: stay 1 2
Cost:insert: 1, delete: 1, replace: 2 g | s
p—s = 0
insert+ delete: p = ps —+s: 2 e 1] :

delete+ insert: p =+ # — s
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Minimum edit distance

Source: play — Target: stay 1 2
Cost:insert: 1, delete: 1, replace: 2 ¢ | s
p—s = 0
insert+ delete: p = ps —+s: 2 e 1] :

delete/+ insert: p = # —s: 2 ; s
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Minimum edit distance

Source: play — Target: stay
Cost:insert: 1, delete: 1, replace: 2

# | s

p—s oL # 0|1
insertl+ delete: p = ps —s: 2 B[] |
delete/+ insert: p = # —s: 2 ; e

replace: Pp—s
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Minimum edit distance

Source: play — Target: stay 1 2
Cost:insert: 1, delete: 1, replace: 2 e
p—s o ||BEH)|
insert+ delete: p = ps —+s: 2 e 1) :

delete/+ insert: p = # —s: 2 ; -

replace; p—s: 2
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Minimum edit distance

Source: play — Target: stay
Cost:insert: 1, delete: 1, replace: 2

# S
D—s o L #lolll1
Insert+ delete: p =+ ps —s: 2 p Il 1] 2 :

| |
delete+ insert: p > # —s: 2

replace; p—s: 2

®©) deeplearning.ai



Minimum edit distance

Source: play — Target: stay o 1 2

Cost:insert: 1, delete: 1, replace: 2 # s |t |al|y
# 0| 1
P | 1|2
|
;| a
Sy
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Minimum edit distance

Source: play — Target: stay o 1 2

Cost:insert: 1, delete: 1, replace: 2 # s |t |aly
play = # l.. il I
p (1] 2
|
3 a
()
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Minimum edit distance

Source: play — Target: stay {2
Cost:insert: 1, delete: 1, replace: 2

play = #

D[i,j]=Dl[i-1,j] + del _cost
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Minimum edit distance

Source: play — Target: stay 12
Cost:insert: 1, delete: 1, replace: 2 I T
olay — # # | 0 | 1
rlp |12
D[i,j]=Dl[i-1,j] + del _cost , Ll >
1 F: | 3
4 y 4
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Minimum edit distance

Source: play — Target: stay 12
Cost:insert: 1, delete: 1, replace: 2 SR P [ A
olay — # # | 0 | 1
rlp | 1] 2
D[i,j]=Dl[i-1,j] + del _cost , T >
D[4,0] = play — # e
= source[ :4] = target[0] Ly o4
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost: insert: 1, delete: 1, replace: 2 sl s ¢t]aly
# - play ol # |0 | 1
P 1 2
| 2
] a 3
s |y | 4
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Minimum edit distance

Source: play — Target: stay 12
Cost:insert: 1, delete: 1, replace: 2 S [ B
i I o B I
# — play . D[J_________I
rlp |12
D[i,j]1=Dli,j-1]+ins_cost , L >
1 a 3
4 y 4
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Minimum edit distance

Source: play — Target: stay 12
Cost:insert: 1, delete: 1, replace: 2 i
# = play # 0|1 2| 3|4
e 1] 2
D[i,j]=Dli,j-1]+ins_cost , Tl >
i a 3
s |y | 4
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost: insert: 1, delete: 1, replace: 2 # s | t|aly
D—s # D 1 2 3 4
| |
) -‘ p 1 2
D[i, j] = Jel].
2 [ 2
D[i - 1, j] + del_cost
min< DI[i,j- 1] + ins_cost 3 a 3
Dli-1,j- 1]+ J rep_cost; if src[i] # tar(j]
0; if srcli] = tarlj] 4 y | 4
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Minimum edit distance

Source: play — Target: stay o 1 2 3

Cost:insert: 1, delete: 1, replace: 2 # s |t |al|y
D—s # 0 1 2 3 4
| |
oW : p 1 2
DI, jl= S
2 | 2
D[i - 1, ] + del cost
min< DI[i,j- 1] + ins_cost 3 a 3
Dli-1,j- 1]+ J rep_cost; if src[i] # tar(j]
0; if srcli] = tarlj] 4 y | 4
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Minimum edit distance

Source: play — Target: stay o 1 2 3

Cost: insert: 1, delete: 1, replace: 2 # s | t|aly
D= s # 0 1 2 3 4
| |
oW : p 1 2
Dl[i, jl= L
2 | 2
Dli - 1,j] + del_cost
min < |D[i, j - 1] + ins_cost 3 a 3
Dli-1,j- 1]+ J rep_cost; if src[i] # tar(j]
0; if srcli] = tarlj] 4 y | 4
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Minimum edit distance

Source: play — Target: stay o 1 2 3

Cost:insert: 1, delete: 1, replace: 2 # s |t |al|y
D= s # D 1 2 3 4
| |
) -‘ p 1 2
D[i, j] = e
| 2
Dli - 1,j] + del_cost
min < |D[i,j - 1] + ins_cost 3 a 3
Dli-1,j-1]+|J rep_cost; if src[i] # tar(j]
0; if srcli] = tarlj] 4 y | 4
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost:insert: 1, delete: 1, replace: 2 #s|t|aly
oos j OHnBRBK
T I |
el 1f 2
D[i, j] = = _
| 2
Dli - 1,j] + del_cost
min E[f,j—l]ﬂns_cnst . 3 a 3
D[i - 1,j- T +[[Trep_cost; if srci] = tarfj]
0 ___ _ifsrcli] = tar(j] | + |y | 4
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Minimum edit distance

Source: play — Target: stay o 1 2 3
Cost:insert: 1, delete: 1, replace: 2 #s|t|aly
D—s # 0 1 2 3 4
T I |
-‘ P 1 2
DIi, j = )
I 2
Dli - 1,j] + del_cost
min E[f,j—l]ﬂns_cnst B 3 a 3
D[i - 1,j- 1 +[[Trep_cost; if srci] = tarfj]
0 ___ _ifsrcli] = tar(j] | + |y | 4
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost: insert: 1, delete: 1, replace: 2 "3 B e e
D—s oL # |0 _JZI 2 | 3|4
il 1] 2|
D[i-1,j]+1=2 , Bl o [
D[i,j-1]+1=2
D[i-1,j-1]+2=2 N
4 y 4
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost:insert: 1, delete: 1, replace: 2 # :-‘-,' ¢ | aly
D—s # m 1]2]3]4
:-pj 1 2 |
D[i-1,j]+1=2 TP
Dlij-1]+1=2
Dli-1,j-1]1+2=2 o
4 y 4
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost:insert: 1, delete: 1, replace: 2 wlialelals
D—s #10|1]2|3]4
e 1] 2|
Dli-1,j]+1=2 , Bl o [
Dli,j-1]+1=2 min = 2
D[i-1,j-1]+2=2 N
4 y 4
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Minimum edit distance

Source: play — Target: stay o 1 2
Cost: insert: 1, delete: 1, replace: 2 ¢ s le ey
play — stay # 0|1 2| 3|4
P | 1| 2|3 |4]|65
D[m,n]=4 , [y

1
-
Y
o
™
o
—
.
| L | I
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Minimum edit distance

Source: play — Target: stay
Cost:insert: 1, delete: 1, replace: 2

play — stay

Dim,n]=4
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Minimum edit distance

Source: play — Target: stay
Cost:insert: 1, delete: 1, replace: 2

play — stay

Dim,n]=4
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Minimum edit distance

Source: play — Target: stay
Cost:insert: 1, delete: 1, replace: 2

e Levenshteindistance
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Minimum edit distance

Source: play — Target: stay
Cost:insert: 1, delete: 1, replace: 2

e Levenshteindistance

e Backtrace
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Minimum edit distance

Source: play — Target: stay
Cost:insert: 1, delete: 1, replace: 2

e Levenshteindistance

e Backtrace

e Dynamic programming
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Summary - learning objectives

e Whatis autocorrect? — dear

e Building the model

e Minimum edit distance

¢ Minimum edit distance algorithm

ing.ai
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