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Natural Language Processing (NLP)



Language is Hard

Emphasis can drastically change meaning

| didn’t eat your dog



NLP Tasks Examples

How many different NLP Input/Output agents can you think of?

Input > Task » Output




NLP Task: Sentiment Analysis

Sentiment analysis demo
https://text2data.com/Demo

“I recommend that you find something better to do with your time”

| [EeelnalnalElplel that you find something to do with your time

This document is: positive (+0.60)

negative neutral positive

Score Range +0.25 +1


https://text2data.com/Demo

Vocab

Corpus
Tokenization/Tokens

Vocabulary

Context

T

Corpus: (Simple) Tokenized Corpus: Vocabulary:

The dog ran. 'dog', 'ran', '.', 'the', [ '1r,

The dog ate. ‘ate', '.', 'the', 'dog', LR

The dog ran the zoo. 'ran', 'the', 'zoo', '.', 'the', 'ate',

The cat ate the dog! 'cat', 'ate', 'the', 'dog', '!', 'cat',

The cat ran the zoo. 'the', 'cat', 'ran', 'the', 'dog ',
'zoo', '.' ] 'ran'

'the',



NLP Vocab

Corpus, Tokenizer

Corpus: (Simple) Tokenized Corpus:

The dog ran. ﬁm [ 'the', 'dog', 'ran', '.

The dog ate. 'dog', 'ate', '.', 'the',

The dog ran the =zoo. 'ran', 'the', 'zoo',

The cat ate the dog! 'cat', 'ate', 'the',

The cat ran the zoo. 'the', 'cat', 'ran',
'zoo', '.' ]




Tokenization



Tokenization

Text encoding: token = index within vocabulary
What is our "vocabulary", i.e., what are our tokens?

Corpus
= Characters
3 A B b
—=> Byte pair encoding Sam. sSam I am.

That Sam-I-am.
Dords and punctuation S That

Sam—I—am)!




I am Sam. I am Sam. Sam I am.

TOkeﬂ|Zat|On That Sam-I-am. That Sam-I-am!

Text encoding: token = index within vocabulary
What is our "vocabulary", i.e., what are our tokens?

Character token BPE token Word token
vocabulary vocabulary vocabulary
! ! Sam !
- = Th
. am am
T T _Sam T
S S _am Sam
T T That
a a Sam—-I—-am
h h
m m
t t

(space) (space)



I am Sam. I _am Sam. Sam I am.

TOkeﬂ|Zat|On TEt Sam-I-am. That Sam-I-am!

Text encoding: token = index within vocabulary
Byte pair encoding (BPE)

Current token vocabulary New tokens

(Initialize to characters in corpus) OC equerncies of all pairs Add most frequent pair to tokens

' of current tokens appearting
' h together in corpus : h
_ m —— - m
) £ _ads 3 . t
T _ (space) argf ZO T _ (space)
S / Sa. 5 S am
T I: 1 T
a Th: 2 a

ha: 2

at: 2

-



Tokenization

Text encoding: token = index within vocabulary
Byte pair encoding (BPE)

Current token vocabulary
(Initialize to characters in corpus)

O H W H -

h
m
t

(space)

I am Sam.

I am Sam. Sam I am.

That Sam-I-am. That Sam-I-am!

Pair frequencies

Count frequencies of all pairs
of current tokens appearting
together in corpus

S
I
Th:
ha:
at:
_am:
Sam:

O W DD DN DN B

New tokens
Add most frequent pair to tokens

O H N .

h
m
t
_ (space)

am
Sam




Tokenization

I am Sam. I am Sam. Sam I am.
That Sam-I-am. That Sam-I-am!

Text encoding: token = index within vocabulary

What is our "vocabulary", i.e., what are our tokens?

Character token
vocabulary

|_\

O O O J oy O dx W DN B O

+t 3 50 3 0 H .

(space)

H

O W oo Jo Uk WwWwbhhEFE O

+t 3 50 3 W H e

BPE token
vocabulary

11:
12:
13:
14:
15:

(space)

Sam

Th

am
Sam
am

oY O dx W NP O

Word token
vocabulary

. am

: Sam
: That
: Sam—I—am



Language Models



Human Language Model

i

e ?s;‘r' fr
e o

Wheel of Fortune



https://www.youtube.com/watch?v=-NIFGVlA3xI

What is a language model (LM)?

[P (\'\)\>\'J2\w3)w‘/\ SR \:\),\

|

>
S P(O\>Q>®5®\Q,-.q>



LM Applications: Speech Recognition

Example: Speech Recognition
”artificial ...........

|”

Find most probable next word given “artificial” and the audio for second word.

18



LM Applications: Speech Recognition

Example: Speech Recognition
”artiﬁcial ...........

|II

Find most probable next word given “artificial” and the audio for second word.

Which second word gives the Break down problem
highest probability’? n-gram probability * audio probability
P(limb | artificial, audio) P(limb | artificial) * P(audio | limb)
P(intelligence| artificial, audio) P(intelligence| artificial) *P(audio | intelligence)

P(flavoring | artificial, audio) P(flavoring | artificial) *P(audio | flavoring)



LM Applications: Text Generation

Given a LM that can model the joint distribution any 10-token
sequence in the vocabulary, p(w{, w,, ..., W), how can we get the
probability of a 6th token, given 5 prewous tokens (

W

(\,Jé\ulj, — P(\JIS>\”/W -7




Language Models

N-grams



N-gram Worksheet

Worksheet linked on website

N-gram Worksheet

Corpus:

The dog
The dog
The dog
The cat
The cat

ate.

ran the zoo.
ate the dog!
ran the zoo.

(Simple) Tokenized Corpus:

[ 'the',
'dog',
'ran',
'cat',
'the',
‘zoo', '.

'dog',
'ate',
'the',
'ate',
'cat',

']

‘ran', '.", 'the',
"', 'the', 'dog'
'zoo', '.", 'the',
‘"the', 'dog', '!',

'ran', 'the',

Vocabulary:
Lo,

‘ate',
'cat',
'dog',
'ran',
'the’,
‘zoo' ]

Compute the unigram probabhilities given the tokenized corpus above

Xt

ate

cat dog

ran

the Z00o

plx:)

Compute the bigram probabilities given the tokenized corpus above

Pl ) |y | % P2 X | X plreslxe) [xeer | % pltealx) | ey | xe
! ! ! ! ate ! cat
! ate cat
ate ! ate ate | ate ate | cat
cat ! cat cat | ate cat | cat
dog | ! dog dog | ate dog | cat
ran ! ran ran | ate ran | cat
the ! the the | ate the | cat
z00 ! zoo zoo | ate zoo | cat
ple,qlx) |x, | x Pl lx) | xenr | xe ple,ilx) x| 2 pxalx) x| x,
! dog ! ran ! the ! zZ00o
dog ran the zZ00
ate | dog ate | ran ate | the ate | zoo
cat | dog cat | ran cat | the cat | zoo
dog | dog dog | ran dog | the dog | zoo
ran | dog ran | ran ran | the ran | zoo
the | dog the | ran the | the the | zoo
zoo | dog zoo | ran zoo | the zoo | zoo



https://www.cs.cmu.edu/~07280/lectures/07280_S26_Lec17_NLP_N-grams_worksheet.pdf
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