NLP: Bag of words and TF-IDF explained!
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Source: Bag of words!

In the previous article, we have been through tokenization, use of stop words,
stemming and lemmatization. Basically, processing the text while it is still readable.
To give this data as input to any model, we'd need to transform them to some

numerical format — ‘The vectors’. Let us go through a few ways this can be done.

1. Bag of words
2. TF-IDF

3. Word2Vec
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We do know how a document or paragraph text data can be tokenized, breaking it
down into a list of sentences or words. We will now be taking these tokenized units,

map them to a vector and send as input to the model.

Bag of words

In bag of words, we take all unique words from the corpus, note the frequency of
occurrence and sort them in descending order. All the word — vector mapping we
have will be used to represent each sentence. Let us take it in steps and examples to

have a clear picture.

Paragraph: “The news mentioned here is fake. Audience do not encourage fake

news. Fake news is false or misleading”

Step 1: Tokenize the data, remove stop words and perform stemming or lemmatization.

import nltk

from nltk.stem import WordNetLemmatizer
from nltk.corpus import stopwords
import re

paragraph = """The news mentioned here is fake. Audience do not
encourage fake news. Fake news 1is false or misleading"""

sentences = nltk.sent_tokenize(paragraph)
lemmatizer = WordNetLemmatizer ()

corpus = []

for i in range(len(sentences)):

sent re.sub('[*a-zA-Z]', ' ', sentences[i])

sent sent. lower ()

sent= sent.split()

sent = [lemmatizer.lemmatize(word) for word in sent if not word
in set(stopwords.words('english'))]

sent = ' '.join(sent)

corpus.append(sent)

print(corpus)

Output:

['news mentioned fake', 'audience encourage fake news', 'fake news
false misleading']



Step 2: List all unique words
Unique words: [‘news’, ‘mentioned), ‘fake’, ‘audience’, ‘encourage’, ‘false’,
‘misleading’]

Step 3: Create a dictionary with mapping of words to a number. This should now be sorted
on frequency of occurrence in descending order.

0 fake 3
1 news 3
2 audience 1
3  encourage 1
4 false 1
5  mentioned 1
6  misleading 1

Step 4: Now, create a table in each sentence, for the presence of each word in the dictionary,
assign ‘I’ else assign ‘0’

news mentioned fake 1 1 0 0 0 1 0
audience encourage fake news 1 1 1 1 0 Q 0

fake news false misleading 1 1 0 0 1 0 1

The data we had is now transformed as:

e news mentioned fake —[11000 1 0]
e audience encourage fake news —[11110 0 0]

o fake news false misleading —[1100101]

And these vectors are sent as input to the model as independent features. We can

use ‘CountVectorizer’ from sci-kit learn to perform steps 2, 3 and 4

from sklearn.feature_extraction.text import CountVectorizer
cv = CountVectorizer()
independentFeatures = cv.fit_transform(corpus).toarray()



Output:

B independentFeatures - NumPy object array

Bag of words will really be helpful in prediction problems like language modeling
and documentation classification. Bag of words do have few shortcomings.

Mentioning a few of them below:

1. Vocabulary: The vocabulary requires careful design to manage the size, which

in-turn impacts the sparsity of the document representations.

2. Meaning: The values here are represented either as 1’s or 0’'s. Consider the words
‘news’ and ‘fake’ — both the words are having same representation, and
semantics of the words are same. This causes the difficulty to identify the

importance of words.

To overcome these shortcomings, TF-IDF can be used.

Term Frequency — Inverse Document Frequency (TF-IDF)

We calculate the term frequency and Inverse document frequency for every word in
the corpus, and multiplication of TF and IDF gives the document vectors. So, how do
we calculate TF-IDF

Term Frequency (TF) — (No. of repeated words in sentence) / (No. of words in

sentence)

Inverse Document Frequency (IDF) — log[ (No. of sentences) / (No. of sentences

containing word)]

Let us take the same example — “The news mentioned here is fake. Audience do not
encourage fake news. Fake news is false or misleading”
Step 1: Passing the data through stemming or lemmatization. Take all the unique words, and

sort based on frequency of occurrence. These are steps 1,2,3 we have observed in Bag of
words (BOW)



L

0 fake

1  news 3
2 audience 1
3 encourage 1
4 false 1
5  mentioned 1
6  misleading 1

Step 2: Calculate Term Frequency

Let us calculate TF for sentence — 1

e news — 1/3=0.33 {News is repeated once in the sentence, and total words are 3

— giving 1/3}
e mentioned —1/3=0.33
e fake —1/3=0.33

¢ audience, encourage, false, mentioned, misleading — 0/ 3 =0 {These words did

not occur in the sentence — there is no repetition, hence zero}
Let us calculate TF for sentence — 2

e audience — 1/4=0.25 (Audience word is repeated once in the sentence, and

total words in the sentence are 4 — giving 1/4)
e encourage —1/4=0.25
e fake—1/4=0.25
e news—1/4=0.25

o false, mentioned, misleading —0/4=0

Similarly — we calculate Term Frequency for rest of sentences.

news mentioned fake 0.33 0.33 0 0 0 0.33 0

audience encourage fake news 0.25 0.25 0.25 0.25 0 0 0



Step 3: Calculate IDF

Let us calculate IDF for all the words:

e news — log_e(3/3) = 0 {we have 3 sentences, and news word is present in all three

sentences, hence log(3/3)}
o mentioned — log_e(3/1) = 1.0986
o fake —log_e(3/3)=0
e audience — log_e(3/1) =1.0986
e encourage — log_e(3/1) = 1.0986
o false —log_e(3/1) = 1.0986

¢ misleading — log_e(3/1) = 1.0986

Step 4: Calculate document vectors multiplying TF and IDF values. Steps 2, 3,4 can be
achieved through TF-IDF vectorizer from sci-kit learn.

# Creating the TF-IDF model

from sklearn.feature_extraction.text import TfidfVectorizer
tfidf = TfidfVectorizer()

independentFeatures_tfIDF = tfidf.fit_transform(corpus).toarray()

Output:
BB independentFeatures_tfIDF - NumPy object array — O hd
0 1 2 3 4 5 6
0 [} [} @.453295 [} @.767495 [} ©.453295
1| @.6esz45 @.688845 @.359504 @ @ @ ©.359504
z 8 8 @.359504 @.608845 8 8.688845 ©.359504

You can access the code snippet on GitHub, give it a try. Contrary to bag of words,
the vectors here have different values, giving importance to a set of words. Though
the models solves the issues observed on BOW, there are shortcomings even here,

such as

o TF-IDF does not capture position in text, semantics, co-occurrences


https://github.com/koushikkumarl/TF-IDF_BagOfWords

o TF-IDF computes document similarity directly in the word-count space, making

it slow for large documents

Bag of words or TF-IDF features can be used as inputs for Naive bayes model to
classify spam and ham. The upcoming blogs will be on classification of Spam and

Ham, and word2vec. Happy learning :)

Bag Of Words NLP Data Science Machine Learning Python

() O

Written by Koushik kumar

14 Followers

Data-driven analyst and Machine learning professional with an ability to apply ML, DL and NLP techniques
and leverage algorithms to solve real-world problems.

More from Koushik kumar


https://medium.com/tag/bag-of-words?source=post_page-----fd1f49dce7c4---------------bag_of_words-----------------
https://medium.com/tag/nlp?source=post_page-----fd1f49dce7c4---------------nlp-----------------
https://medium.com/tag/data-science?source=post_page-----fd1f49dce7c4---------------data_science-----------------
https://medium.com/tag/machine-learning?source=post_page-----fd1f49dce7c4---------------machine_learning-----------------
https://medium.com/tag/python?source=post_page-----fd1f49dce7c4---------------python-----------------
https://koushik1102.medium.com/?source=post_page-----fd1f49dce7c4--------------------------------
https://medium.com/m/signin?actionUrl=%2F_%2Fapi%2Fusers%2F9850ff48fd02%2Flazily-enable-writer-subscription&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Fnlp-bag-of-words-and-tf-idf-explained-fd1f49dce7c4&user=Koushik+kumar&userId=9850ff48fd02&source=-----fd1f49dce7c4---------------------subscribe_user-----------
https://medium.com/m/signin?actionUrl=%2F_%2Fapi%2Fusers%2F9850ff48fd02%2Flazily-enable-writer-subscription&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Fnlp-bag-of-words-and-tf-idf-explained-fd1f49dce7c4&user=Koushik+kumar&userId=9850ff48fd02&source=-----fd1f49dce7c4---------------------subscribe_user-----------
https://medium.com/m/signin?actionUrl=%2F_%2Fapi%2Fusers%2F9850ff48fd02%2Flazily-enable-writer-subscription&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Fnlp-bag-of-words-and-tf-idf-explained-fd1f49dce7c4&user=Koushik+kumar&userId=9850ff48fd02&source=-----fd1f49dce7c4---------------------subscribe_user-----------
https://koushik1102.medium.com/?source=post_page-----fd1f49dce7c4--------------------------------
https://koushik1102.medium.com/followers?source=post_page-----fd1f49dce7c4--------------------------------

P |
@ Koushik kumar
Transfer learning with VGG16 and VGG19, the simpler way!
Find VGG16 and VGG19 implementation template!
S5minread - Jan 20,2021
Has Q L3

Installers
conda install @

Keras =g

To install this package with conda

conda install -¢ anaconda te

Keras requires TensorFlow 2.2 or higher. Install TensorFlow via pip install tensorflc

e Koushik kumar in Analytics Vidhya

TensorFlow 2.3.0 with GPU support on Windows 10


https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/transfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997?responsesOpen=true&sortBy=REVERSE_CHRON&source=author_recirc-----fd1f49dce7c4----0---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/m/signin?actionUrl=https%3A%2F%2Fmedium.com%2F_%2Fbookmark%2Fp%2Fad4eec1e2997&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Ftransfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997&source=-----fd1f49dce7c4----0-----------------bookmark_preview----39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/m/signin?actionUrl=https%3A%2F%2Fmedium.com%2F_%2Fbookmark%2Fp%2Fad4eec1e2997&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Ftransfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997&source=-----fd1f49dce7c4----0-----------------bookmark_preview----39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/tensorflow-2-3-0-with-gpu-support-on-windows-10-f975a552ea7c?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/tensorflow-2-3-0-with-gpu-support-on-windows-10-f975a552ea7c?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/tensorflow-2-3-0-with-gpu-support-on-windows-10-f975a552ea7c?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/analytics-vidhya?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/tensorflow-2-3-0-with-gpu-support-on-windows-10-f975a552ea7c?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/tensorflow-2-3-0-with-gpu-support-on-windows-10-f975a552ea7c?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://koushik1102.medium.com/tensorflow-2-3-0-with-gpu-support-on-windows-10-f975a552ea7c?source=author_recirc-----fd1f49dce7c4----1---------------------39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/m/signin?actionUrl=https%3A%2F%2Fmedium.com%2F_%2Fvote%2Fp%2Fad4eec1e2997&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Ftransfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997&user=Koushik+kumar&userId=9850ff48fd02&source=-----ad4eec1e2997----0-----------------clap_footer----39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/m/signin?actionUrl=https%3A%2F%2Fmedium.com%2F_%2Fvote%2Fp%2Fad4eec1e2997&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Ftransfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997&user=Koushik+kumar&userId=9850ff48fd02&source=-----ad4eec1e2997----0-----------------clap_footer----39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/m/signin?actionUrl=https%3A%2F%2Fmedium.com%2F_%2Fvote%2Fp%2Fad4eec1e2997&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Ftransfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997&user=Koushik+kumar&userId=9850ff48fd02&source=-----ad4eec1e2997----0-----------------clap_footer----39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/m/signin?actionUrl=https%3A%2F%2Fmedium.com%2F_%2Fvote%2Fp%2Fad4eec1e2997&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Ftransfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997&user=Koushik+kumar&userId=9850ff48fd02&source=-----ad4eec1e2997----0-----------------clap_footer----39cee741_30ee_4360_94a5_6deb68928fa2-------
https://medium.com/m/signin?actionUrl=https%3A%2F%2Fmedium.com%2F_%2Fvote%2Fp%2Fad4eec1e2997&operation=register&redirect=https%3A%2F%2Fkoushik1102.medium.com%2Ftransfer-learning-with-vgg16-and-vgg19-the-simpler-way-ad4eec1e2997&user=Koushik+kumar&userId=9850ff48fd02&source=-----ad4eec1e2997----0-----------------clap_footer----39cee741_30ee_4360_94a5_6deb68928fa2-------
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Speedup NumPy through the new TF NumPy API

TensorFlow team in the recent Google 1/0O 2021 event has announced NumPy API. Kemal El
Moujahid, the product director for TensorFlow and...
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Google I/0—2021: Glimpses and event video links

Google took things to really next level through their product lineup and innovations for the year
20211 Google 1/0O Key note, Androidi2 ...
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The Best Way to Determine Word Relevance: Understand TF-IDF in a

Hurry

How does the internet know which terms are most representative of a document’s contents?
Hint: it’s not just volume
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3 And this is the third one.
4 s this the first document?
DF VALUES
and document |first is one second the third this
1 3 2 4 1 1 4 1 4
IDF VALUES
and document |first is one second the third this
1.91629073|1.22314355| 1.51082562 1/1.91629073|1.91629073 1(1.91629073 1
TF VALUES
and document |first is one second the third this
0 1 1 1 0 0 1 0 1
0 2 0 1 0 1 1 0 1
1 0 0 1 1 0 1 1 1
0 1 1 1 0 0 1 0 1
TFIDF VALUES
and document |first is one second the third this
0(0.46979139|0.58028582|0.38408524 0 0]0.38408524 0(0.38408524
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03: Basic Text Preprocessing (NLP)

Text preprocessing is an essential step in natural language processing (NLP) tasks that
involves cleaning and transforming raw text data...
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Mastering Multilingualism: Top 5 Python Language Detection Techniques
Explained

Accurate language detection is a fundamental aspect of many NLP applications. In this
comprehensive guide, we'll delve into the top 5...
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Unlocking the Potential of Text: A Closer Look at Pre-Embedding Text
Cleaning Methods

This article will discuss different cleaning techniques that are essential to obtain maximum
performance from textual data.
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