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What is NLP?

• Natural Language Processing (NLP) is a field in Artificial Intelligence (AI) 
devoted to creating computers that use natural language as input and/or 
output.
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Example: Siri

• Siri contains 

• Speech recognition 

• Language Analysis 

• Dialog processing 

• Text to speech



Text Data is Superficial

An iceberg is a large piece of freshwater ice that has broken off from a 
snow-formed glacier or ice shelf and is floating in open water.

Slide credit: Taylor Berg‐Kirkpatrick



… But Language is Complex

Slide credit: Taylor Berg‐Kirkpatrick



Problem: Ambiguities

Find at least 5 meanings of this sentence:  
      “I made her duck” 

1. I cooked waterfowl for her benefit (to eat) 
2. I cooked waterfowl belonging to her 
3. I created the (plaster?) duck she owns 
4. I caused her to quickly lower her head or body 
5. I waved my magic wand and turned her into undifferentiated waterfowl

Source: “Speech and Language Processing” Jurasky and Martin



Problem: Ambiguities

• Headlines: 

• Juvenile Court to Try Shooting Defendant 

• Enraged Cow Injures Farmer with Ax 

• Ban on Nude Dancing on Governor’s Desk 

• Teacher Strikes Idle Kids 

• Hospitals Are Sued by 7 Foot Doctors 

• Iraqi Head Seeks Arms 

• Stolen Painting Found by Tree 

• Kids Make Nutritious Snacks 

• Local HS Dropouts Cut in Half 

• Why are these funny?



Different Levels of Linguistic Analysis 

• Phonology 
• Speech audio signal to phonemes 

• Morphology 
• Inflection (e.g. “I”, “my”, “me”; “eat”, “eats”, “ate”, “eaten”) 
• Derivation (e.g. “teach”, “teacher”, “nominate”, “nominee”) 

• Syntax 
• Part-of-speech (noun, verb, adjective, preposition, etc.) 
• Phrase structure (e.g. noun phrase, verb phrase) 

• Semantics 
• Meaning of a word (e.g. “book” as a bound volume or an accounting ledger) or a 

sentence  
• Discourse 

• Meaning and inter-relation between sentences



Syntactic Analysis

The dog saw a man in the park 

Figure credit: nltk.org

http://nltk.org


Challenges: Ambiguity

The dog saw a man in the park 

Figure credit: nltk.org

vs

http://nltk.org


Challenges: Ambiguity

Figure credit: Mark Liberman



Constituency Parsing Demo

• https://corenlp.run

https://corenlp.run


Corpora

• A corpus is a collection of text 
• Often annotated in some way 
• Sometimes just lots of text 
• Balanced corpora 

• Examples 
• Newswire collections: 500M+ words 
• Brown corpus: 1M words of tagged “balanced” text 
• Penn Treebank: 1M words of parsed WSJ 
• Canadian Hansards: 10M+ words of aligned French / English sentences 
• The Web: billions of words of who knows what



Data and Knowledge

• Classic knowledge representation worry: How will a machine ever know that… 

• Ice is frozen water? 

• Beige looks like this: 

• Chairs are solid? 

• Answers: 

• 1980: write it all down 

• 2000: get by without it 

• 2020: learn it from data



Word Embeddings

• Representing words by their context 

• Distributional semantics 

• “You shall know a word by the company it keeps” (Firth, 1957) 



Word Embeddings



Word2vec Overview

Idea:  

• We have a large corpus of text  

• Every word in a fixed vocabulary is represented by a vector  

• Go through each position t in the text, which has a center word c and 
context (“outside”) words o  

• Use the similarity of the word vectors for c and o to calculate the 
probability of o given c (or vice versa)  

• Keep adjusting the word vectors to maximize this probability

Slide credit: Chris Manning



Gender bias in Word Embeddings

• Analogies of embedding vectors 

• Sexist analogies

[Courtesy: Bolukbasi et al. 2016]



Contextualized Word Embeddings

OpenAI GPT [Radford et al. 2018]

BERT [Devlin et al. 2019]



POS tagging

• Assign Part-of-Speech (POS) tag to each word in a sentence.

Fig. credit: Kevin Leach



Question Answering

• Question Answering: 

• More than search 

• Ask general comprehension questions of a document collection 

• Can be really easy: “What’s the capital of Wyoming?” 

• Can be harder: “How many US states’ capitals are also their largest 
cities?” 

• Can be open ended: “What are the main issues in the global warming 
debate?” 

• SOTA: Can do factoids, even when text isn’t a perfect match



Question Answering

• Factoid Question Answering: 

• Questions can be answered with simple facts 

• For example: What is the capital of United States? 

• Open-domain QA 

• Knowledge-based QA



Open-domain QA

• Question answering based on vast amounts of text (Web or large corpora) 

• Retriever: retrieve relevant passages using a search engine 

• Reader: Find the span corresponding to the answer. 

• Datasets: TriviaQA, SearchQA etc. 

• Demo: http://qa.cs.washington.edu:2020 
Fig. credit: “Speech and Language Processing” Jurasky and Martin

http://qa.cs.washington.edu:2020


Knowledge-based QA

• Answer a question by converting it into a query over a structured 
database. 

• Use a semantic parser to map the question to a structured program to 
produce an answer



Knowledge-based QA

• Encoder-decoder based Semantic Parser



QA system (Watson)

• IBM’s Watson question-answering system won the TV game-show 
Jeopardy!, surpassing human competitors 

• Example question: “Victory in 1805's Battle of Derna on the coast of 
North Africa inspired a lyric in this song made official in 1929”

https://www.youtube.com/watch?v=P18EdAKuC1U


Reading Comprehension

• Read a passage of text and answer comprehension questions 

• Demo: https://www.youtube.com/watch?v=nbsWpcJASMU 
Courtesy: [Rajpurkar et al. 2016]

https://www.youtube.com/watch?v=nbsWpcJASMU


Summarization

• Condensing documents 
• An example of analysis with 

generation



Extractive Summaries

Lindsay Lohan pleaded not guilty Wednesday to felony grand theft of a
$2,500 necklace, a case that could return the troubled starlet to jail rather
than the big screen. Saying it appeared that Lohan had violated her
probation in a 2007 drunken driving case, the judge set bail at $40,000 and
warned that if Lohan was accused of breaking the law while free he would
have her held without bail. The Mean Girls star is due back in court on Feb.
23, an important hearing in which Lohan could opt to end the case early.



Machine Translation (French)

• Translate text from one language to another 
• Recombines fragments of example translations



Machine Translation (Japanese)



Challenges: Gender bias

El médico le pidió a la enfermera que la ayudara en el procedimiento. 

El médico: (male) doctor 
la enfermera: (female) nurse



Challenges: Gender bias

• Recent attempts to mitigate gender biases

Figure credit: Jonathan Davis



Coreference Resolution

• Cluster mentions in text which refer to the same real-world entities  

Barack Obama nominated Hillary Rodham Clinton as his 
secretary of state on Monday. He chose her because she 
had foreign affairs experience as a former First Lady. 



Information Extraction

• Transform the unstructured information present in texts into structured 
form.



IE: Relation Extraction

• Predict the relation corresponding to the relation statement given the 
entity mentions.

Input: Barack Obama was born in Honolulu, Hawaii as he 
always said. 
Output: born_in 

Input: Eiffel Tower is located in Paris, France. 
Output: located_in 

Entity Mentions: 
Barack Obama, Honolulu 

Entity Mentions: 
Eiffel Tower, Paris 



IE: Named Entity Recognition

• Identify the named entities in a sentence. 
• For example: U.N. official Ekeus heads for Baghdad. 

• [ORG U.N.] official [PER Ekeus] heads for [LOC Baghdad]. 

• Demo: https://corenlp.run

https://corenlp.run


IE: Event Extraction

• Identify mentions of events in texts

Fig. credit: “Speech and Language Processing” Jurasky and Martin



Entity Linking
• Task: To identify the mentions of entities in a document and link them to entities in a 

Knowledge Graph. 
• It is composed of two sub-tasks: 

• Candidate Generation: In this sub-task, the candidates of referent entities are 
generated for each mention. 

• Mention Disambiguation: Given the set of candidate entities, the task is to 
disambiguate the mention by selecting the most relevant entity. 

Fig. credit: Wikipedia



Dialog Agents

• Digital Assistants 

• Siri 

• Alexa 

• Google Home 

• Cortona 

• Task-oriented dialogue agents 

• Use conversation with humans to complete tasks e.g. order food from 
a restaurant.



Dialog Agents

Fig. credit: topflightapps.com 

https://topflightapps.com/ideas/chatbots-in-healthcare/


Dialog Agents

Fig. credit: [See at al. 2019] 



Task-oriented Dialog

Fig. credit: [Wu et al. 2019] 



Sentiment Analysis

• Predict the sentiment expressed in an utterance (positive or negative) 

• Demo: http://text-processing.com/demo/sentiment/  

• Tweet sentiment visualization: https://www.csc2.ncsu.edu/faculty/
healey/tweet_viz/tweet_app/

http://text-processing.com/demo/sentiment/
https://www.csc2.ncsu.edu/faculty/healey/tweet_viz/tweet_app/
https://www.csc2.ncsu.edu/faculty/healey/tweet_viz/tweet_app/


Commonsense Reasoning

• Use common-sense to make inference

Courtesy: [Talmor et al. 2019]



Thank You!


