IN THE NAME OF GOD

PRE-PROCESSING
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What 1s word

- Tokenization
- Process of splitting an input sequence into so-called tokens.

- Tokens: word, sentence, paragraph,..(what are the token boundries of each
if these?)

- How to find boundries of words:

- In english: space or punctuation

- In german there are compound words which are written without spaces

+ Rechtsschutxversicherungsgesellschaften -> insure companies which provide
legal protection

- In Japanes there are no spaces at all
,o . hotdog b als oo Jie s 4alS 550 ,Sko alold Wl ¢ cw )b b (w5l jo
Sy oLl SlalS (6 ,oSISE 4y oo dlols g Cule, pas o o )b
sae ls sl (w8 b 5 e b alasi asle (s ;e oosaailis punctuation Lyl
@)Ls ...Lg)l..i:..c‘
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Nltk.tokenize

- This 1s Andrew’s text, 1sn’t it?
- Nltk.tokenize.whitespaceTokenizer:
- this-1s-andrew’s-text,-1sn’t-it?
- It and it? Two different tokens with the same meaning
- Nltk.tokenize.wordPunctTokenizer
- this-is-andrew-’-s-text-,-1sn-’-t-1t-?
- Isn, t aren’t very meaningfull
- Nltk.tokenize. TreebankWordTokenizer

- this-1s-andrew-’s-text-,-1s-n’t-1t-?
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hazm

« From hazm import *

- sent_tokenize(' 1 i 6 Sy Taal 28 Jay ) ot e
fuan yigy')
. ['ﬁqﬂ RS Jaa g ) g b Lal') "y i Jas ¢ )3y (o) p L;j]

- word_tokenize("fus g haa (i3l 6l L)
N [lé‘9|’ 'LS\‘)Q" 'L):‘}\JJ.-;" |‘|, ".J.;', '%" | .:" '?']
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Token normalization

- Get same token for different forms of word
- Wolf, wolves - talk, talks - forget, forgotten

- Stemming

- Hueristics for removing and replacing suffixes to get to the root form
(Stem) of word. computation-> comput, feet->feet

« Nltk.stem.PorterStemmet

- Lemmatization

- Doing normalization properly using vocabulary and morphological
analysis. Returns dictionary form (lemma) of word. Computation-
>compute, feet-> foot

« Nltk.stem.WordNetLemmatizer
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- Normalize capital letters
- Us,us Us,US?

+ (heuristic: lowercasing the beginning of sentence, and words of title.
Leave mid-sentence words as they are)

« Acronyms
- eta, e.t.a, E'T.A (using regular expressions)

0 i (6 dolS 0 a1 AalS [ adlol oS alols g (Wlis alins) ojen dlius ¢
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- normalizer = hazm.Normalizer()

- normalizer.normalize(’ i)l alaliay ) il 5l 4y g0 =il
3 e ol 1))

o TS e gl )y 1 abialian ) salii 5 ladus 53 ~Dlal’

- stemmer = hazm.Stemmer()

- stemmer.stem('alS)
o 'K._\\.:\S,

- lemmatizer = hazm.Lemmatizer()
- lemmatizer.lemmatize('ss. ")

o gpRa )



2-SPELL CHECKING
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Spelling Correction and Edit Distance

- Non-word error detection:

99 ¢¢ . 29 ¢¢ 29 €6 29

- detecting “graffe” “ 50", “Slgas, Il

- Non-word error correction:
- figuring out that “graffe” should be “giraffe”

- Context-dependent error detection and correction:
- Figuring out that “war and piece” should be peace
Tl sl 5l ele aad” FJsb s o)l IS T
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Non-Word Error Detection

- Any word not in a dictionary is a spelling error
- Need a big dictionary!
« The tradeoftf (for rare words — wont, veery)

- What to use?
-« FST dictionary!!
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Isolated Word Error Correction

- How do I fix “grafte”?

- Search through all words:
- graf
- craft
- grail
- giraffe
- Pick the one that’s closest to graffe
- What does “closest” mean?
- We need a distance metric.

- The simplest one: edit distance
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Edit Distance

+ The minimum edit distance between two strings 1s the minimum
number of editing operations Needed to transform one string
into the other

- operations
- Insertion
- Deletion
- Substitution
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An example

- Andrew

- Amdrew~

* 1. substitute m to n
e 2. delete the z

» Distance = 3
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String distance metrics: Levenshtein

e Given strings s and t

— Distance is shortest sequence of edit commands that
transform s 7o t
— Simple set of operations:
» Copy character from s over to ¢t (cost 0)
 Delete a character in s (cost 1)

* Insert a character in ¢ (cost 1)
* Substitute one character for another (cost 2)

* This 1s “Levenshtein distance”

V(o5 a5 (oS e Slles o dne dlold slalas 51 (S j0 ST
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ME distance - example

15

+ distance("Willlam Cohen”, “Willliam Cohon™)
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NLP-Jafarinejad
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Minimum Edit Distance (Levenshtein)

INTE*NTION

*EXECUTION

d s s 1 s

- If each operation has cost of 1
- Distance between these is 5

- If substitutions cost 2 (Levenshtein)
- Distance between these is 8
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Min Edit Example

delete 1
substitute n by e _

substitute tby x .

insertu

substitute n by ¢

® ® O O B
R T s s -
® ® ® O O
Q 3 B8 8 B 0
c g o & o B
S A = A T

O O O -
O 0o B B B O

I—I.

17
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Min Edit As Search

- But that generates a huge search space
- Initial state 1s the word we’re transforming
- Operators are copy, insert, delete, substitute
- Goal state 1s the word we’re trying to get to
- Path cost 1s what we’re trying to minimize

* Search paths would be incredibly wasteful

¢ Why? Lots of paths wind up at the same states. But there’s no
need to keep track of them all. We only care about the
shortest path to each of those revisited states.

NLP-Jafarinejad
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Min Edit Distance

function MIN-EDIT-DISTANCE(targel. source) returns min-distance

nn+— LENGTH(target)
m+— LENGTH(source)
Create a distance matrix distance[n+1,m+1]
Initialize the zeroth row and column to be the distance from the empty string
distance[0,0] =0
for each column i from 1 to n do
distance[i,0] — distance[i-1,0] + ins-cost(target|[i])
for cach row j from 1 to m do
distance[0,j]— distance[0,j-1] + del-cost(source[j])
for each column 7 from 1 to n do
for each row j from 1 tom do
distance[i, j] +— MIN( distance[i— 1. j| + ins-cost(targeti_1),
distanceli—1, j—1] + sub-cost(source j_1 , target;_1),
distancelt, j— 1] + del-cost(sourcej_1))
return distance[n,m]
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Dynamic Prog

Measure distance between sirings

PARK
SPAKE
P A |[R K
S
P
A Cj;
K
E

20 NLP-Jafarinejad

ram Table for String Edit

Cij —

the number of edit
operations needed
to align PA with
SPA.
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Dynamic Prog

ram Table for String Edit

P

A

Coz

Cos

Ciq

Cio

lete
2

NLP-Jafarinejad

sgt :8

m x| »| 0@ W

=min A

i glarn, Uik Amberst,
@ meterial Som Willian Cobm

D(1.)) = score of best alignment from s/..s7 to ¢1..1

D(1-1,J-1). if si=tj
D(i-13-1)+1, 1f si!=t) /substitute
D(1-1.)+1
D(1,-1)+1

/copy

Sinsert

Ydelete
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Dynamic Prog

-am Table Initialized

P K
0 |1 4
S 1 ?
P 2
A 3
K 4
E 5

D(1,)) = score of best alignment from s/..si to #1..17

= min <

" D(i-1.j-1)+d(si.tj)
D(i-1.j)+1
D(i.j-1)+1

Jisubstitite
Jinsert

Jrdelete

NLP-Jafarinejad
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Dynamic Prog

D(1,)) = score of best alignment from s/..si to ..

" D(i-1.j-1)+d(si.tj)
D(i-1.))+1
D(1.-1)+1

P A |[R |K
o1 |2 | 3| 4
S | 1 |1
P | 2
A | 3
K | 4
E | 5

=min <

Ssubstitute
Jinsert

/delete

23

NLP-Jafarinejad

-am Table. .. Filling i
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Dynamic Prog

D(1.)) = score of best alignment from s/..si to t1..1

" D(i-1j-1)+d(si.tj)

Farm, Likdems Amborsd,

P |[A |[R |K
o1 (2| 3| 4
s |1 |12 |3 |4
P | 2 | »
A | 3
K | 4
E | 5

=min -

D(i-1.j)+1
D(i.j-1)+1

Ssubstitute
Hinsert

Hdelete

24

NLP-Jafarinejad

ram Table ... filling in



2/17/2024 NLP-Jafarinejad

P |[A |[R |K
o1 | 2 3| 4
S1‘1234
P2\1
A | 3
K | 4
E | 5

D(1.1) = score of best alignment from s/..si to t1..4

" D(i-1j-1)+d(sitj)  /substitute
D(1-1.,))+1 /insert

Smin Gy //delete
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Dynamic Program Table ... filling In

P |[A |[R |K
0 ‘ 1 2 1 31| 4
S 11112 | 3 |4
P 2 \h 1 \2 3 | 4
A 3| 2 (M1 _.,,2\l 3
K 141312122 Fnacostof
E 41 3] 3 @ aligning all of
both strings.

D(1.)) = score of best alignment from s/..s7 to ¢1..4

" D(@-1.j-D+d(sitj)  Vsubstitute
D(1-1.7)+1 /insert

=M Gy //delete
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MED levenstein

A 0 l 2 «— 3« 4 «—
S 11 21— 31— 41— St
P 21 l & 2 «— 3 «— 4
A 31 21 l < 2 — 3«
K 41 31 21 3T 2o
E 57 41 37 41— 31
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Remebering the Alignment (trace)

-

D(1-1.3-1) + d(sL.ty) /subst/copy
D(1j)=min | D(i-1.j)+1 /linsert
D(1.3-1)+1 /idelete
C |0 |H |E |N
A trace indicates M 1 |2 3 4 5
where the min
value came from. c 1T 2 3 4 °
and can be used to C 24 |3 3 |4 |5
find E(.ll’[ o 3 Yo [3 |4 z
operations and/or
a best alignment H |4 3 ™2 |3 |4
(may be more than 1)
N [5 [4 [3°3 w3

NLP-Jafarinejad
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