Syllabus NLP for social sciences (and other applications)

The aim of this group is to train participants on the most recent techniques of natural language
processing, text analysis, scraping, network theory and machine learning on graphs while enabling
them to implement these techniques on different applied projects.

The program is divided into two parts. A first part, more technical and common to all the participants,
that deals with NLP techniques, scraping 101 and fundamentals of network theory + learning on graph
structures. We will approach these concepts from courses and materials available online, and we will
discuss them together in online meetings.

The second part will be devoted to the application of NLP techniques to topics of interests and it will
be possible to form various groups on different topics. We plan to create at least one group that will
apply NLP techniques to political texts and political communication in general. Other groups may be
created as well.

We plan to meet once every two/three weeks. No previous knowledge of NLP and text analysis is
required, even though a familiarity with Python might be preferable.

Tentative programme:

- Topics in NLP

The course we will mainly follow is “Deeplearning.ai’s NLP Specialization” on Coursera
(https://www.coursera.org/specializations/natural-language-processing) + adding some more
technical stuff .

Topics covered:

NLP with Classification & Vector Spaces

Supervised ML & Sentiment Analysis
Vocabulary & Feature Extraction
Negative & Positive Frequencies
Feature Extraction with Frequencies
Preprocessing

Logistic Regression (LR) Overview
Training LR

Testing LR

Create a Cost Function for LR
Gradient Descent with LR

Bayes' Rule

Naive Bayes

Smoothing & Laplacian Smoothing
Log Likelihood

Training Naive Bayes

Testing Naive Bayes

Naive Bayes Assumptions

Error Analysis

Vector Space Models

Word by Word & Word by Doc
Euclidean Distance

Cosine Similarity

Manipulating Word Embeddings (King + Man - Queen = Woman)



e Visualization and PCA (What about nonlinear dimensionality reduction techniques, e.g. t-SNE,
UMAP;

Transforming Word vectors (Rotation matrices in R2)

K-Nearest Neighbors (kNN)

Hash Tables & Hash Functions

Locality Sensitive Hashing (LSH)

Approximate kNN

Searching Documents

Word Translation 101

NLP with Probabilistic Models

Building an Autocorrect Model

Minimum Edit Distance with Algorithms

Part of Speech Tagging (POS)

Markov Chains

Hidden Markov Models

Transition and Emission Matrices

The Viterbi Algorithm (Initialization, Forward Pass, Backward Pass)
N-Grams

Sequence Probabilities (+ starting & ending a sentence)
N-Gram Language Model

Out of Vocabulary (OOV) Words

NLP with Sequence Models

Neural Networks for Sentiment Analysis
Trax Library Introduction: Neural Networks & Layers
Dense and ReLU Layers

Serial + Other Layer

Traditional Language models

Recurrent Neural Networks

Applications of RNNs

Math in Simple RNNs

Cost Function for RNNs

Gated Recurrent Units (GRUs)

Deep and Bi-directional RNNs

RNNs and Vanishing Gradients

Introduction to LSTMs and their architecture
Introduction to Named Entity Recognition (NER)
Training NERs: Data Processing

Siamese Networks & their architecture

Cost Function

Triplets (triplet loss..)

Computing The Cost |

Computing The Cost Il

One Shot Learning

NLP with Attention Models

e SeQ2seq
e Alignment
e Attention



Setup for Machine Translation
Training an NMT with Attention
Evaluation for Machine Translation
Sampling and Decoding
Transformers vs RNNs
Transformer Applications
Dot-Product Attention

Causal Attention

Multi-head Attention

Transformer Decoder

Transfer Learning in NLP

ELMo, GPT, BERT, T5
Bidirectional Encoder Representations from Transformers (BERT)
BERT Objective

Fine tuning BERT

Transformer: T5

Multi-Task Training Strategy
GLUE Benchmark

Question Answering

Tasks with Long Sequences
Transformer Complexity

LSH Attention

Motivation for Reversible Layers: Memory!
Reversible Residual Layers
Reformer

- Topics in ML on Graphs (and Intro on Network Theory)

The course we will mainly follow is Stanford’s “Machine Learning with Graphs” class by Jure Leskovec
(http://web.stanford.edu/class/cs224w/ ).

Also, an awesome book by William L. Hamilton :
https://www.cs.mcgill.ca/~wlh/grl_book/files/GRL_Book.pdf

Topics covered:
Network Theory Fundamentals

e Structure of Graphs

e Properties of Networks and Random Graph Models
e Snap.py & Google Cloud basics

e Motifs and Structural Roles in Networks

e Community Structure in Networks

e Spectral Clustering

e Page Rank algorithm

e Network effects and Cascading Behaviour

e Probabilistic Contagion and Models of Influence
e Influence Maximization in Networks

e Qutbreak Detection in Networks

e Network Evolution



Learning on Graphs

e Message Passing and Node Classification
e Graph Representation Learning

e Graph Neural Networks

e Deep Generative Models for Graphs

e Reasoning over Knowledge Graphs

e Limitations of Graph Neural Networks

e Applications of Graph Neural Networks

- Scraping
Material we plan to use:

Web Scraping in Python
https://www.datacamp.com/courses/web-scraping-with-python Datacamp

https://docs.scrapy.org/en/latest/intro/tutorial.html Scrapy Tutorials

Twint Project
https://github.com/twintproject/twint

Fbcrawl Project
https://github.com/rugantio/fbcrawl (there might be the chance to contribute actively to this repo, the
owner is a former MLJC member)

- Applications:

- Application to social sciences and political texts
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- Application: prediction of mental health from social media
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- Application: Fake news detection on social media + analysis of echo chambers
with focus on politics (former Social Resistance MLJC Project)
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