
CSCI 8980-06: Introduction to NLP

Lecture 1: Class Overview
Dongyeop Kang, University of Minnesota

Some slides are borrowed from Dan Jurafsky (Stanford), David Bamman (Berkeley), and Yulia Tsvetkov (CMU).



COVID-19

 The first two lectures would be in person, but we may 
consider a hybrid or online option following U’s policy.

 I am asking a favor from you
Please wear a mask during in-person class
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NLP is interdisciplinary
 Machine Learning (2000-present)
 Artificial Intelligence
 Linguistics
 Social Science and Humanities

Recently, 
 Human-computer Interaction
 Psychology
 Cognitive Science
 Neuroscience
 ..
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NLP vs (Computational) Linguistics

 Linguistics involve the nature of linguistic representations and linguistic 
knowledge, and how linguistic knowledge is acquired and deployed in 
comprehension of language.

 Computational linguistics asks what humans are computing and how., by 
mathematically defining classes of linguistic representations and formal 
grammars to capture the range of phenomena in human languages. 

 NLP is the art of solving engineering problems that need to analyze (or 
generate) natural language text. The metric is whether you got good 
solutions on the engineering problem. After all, their goal is not a full theory 
but rather the simplest, most efficient approach that will get the job done.
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Quoted from Jason Eisner’s Quora answer
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NLP = Processing language with computers



Processing as sorting and clouding
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Word cloud generated with text on our class homepage using www.wordclouds.com

http://www.wordclouds.com/


Processing as sharing emotions
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Processing as understanding sentiment
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Lei Zhang and Bing Liu, Sentiment Analysis and Opinion Mining



Processing as communication
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Processing as translation
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Processing as question answering

What year was Abraham 
Lincoln born?

 How many states were in the 
United States that year?

 How much Chinese silk was 
exported to England in the end 
of the 18th century?

What do scientists think about 
the ethics of human cloning?
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Processing as generating
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Where we now?
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Social cognition / Reasoning
“Two children, Chloe and Alexander, went for a 
walk. They both saw a dog and a tree. 
Alexander also saw a cat and pointed it out to 
Chloe. She went to pet the cat.” “Did Chloe see 
the cat?”

Cause and effect
“You need flour to bake bread. You have a 
sack of flour in the garage. When you get 
there, you find that it got thoroughly soaked in 
a heavy rain last night. So you have to ___”

Tracking long narratives
“Never in his life has Bashan caught a hare, nor will he ever; the thing is as good as impossible. Many 
dogs, they say, are the death of a hare, a single dog cannot achieve it, even one much speedier and 
more enduring than Bashan. The hare can ``double'' and Bashan cannot --- and that is all there is to it. 
How Bashan runs! It is beautiful to see a creature expending the utmost of its powers. He runs better 
than the hare does, he has stronger muscles, the distance between them visibly diminishes before I lose 
sight of them. And I make haste too, leaving the path and cutting across the park towards the river-bank, 
reaching the gravelled street in time to see the chase come raging on— the hopeful, thrilling chase, with 
Bashan on the hare’s very heels; — “One more push, Bashan!” I think, and feel like shouting; “…..

Failure cases by GPT3, Gary Marcus & Ernst Davis
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http://koreabizwire.com/chatbot-luda-controversy-leave-questions-over-ai-ethics-data-collection/179363



Language consists of many levels of structure
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Phonology
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Example by Nathan Schneider

 Pronunciation modeling



Words
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Example by Nathan Schneider

 Language modeling
 Tokenization
 Spelling correction



Morphology
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Example by Nathan Schneider

 Morphological analysis
 Tokenization
 Lemmatization



Parts of Speech (POS)
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 Part-of-speech tagging

Example by Nathan Schneider



Syntax
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 Syntax parsing

Example by Nathan Schneider



Semantics
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 Named entity recognition
Word sense disambiguation
 Semantic role labeling

Example by Nathan Schneider



Discourse
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 Reference resolution
Example by Nathan Schneider

CONTRAST



What makes language difficult?

 Language is ambiguous
 Language needs to be scaled
 Language is sparse
 Language is varying
 Language is implicit
 Language is hard to represent
 Language is multi-faceted
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Ambiguity at multiple levels
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“One morning I shot an 
elephant in my pajamas”

Groucho Marx



Ambiguity at multiple levels
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“One morning I shot an 
elephant in my pajamas”



“I saw her duck with a telescope”
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Slide from Dhruv Batra and figure from Liang Huang

I used a telescope to observe a small web-footed broad-billed swimming bird belonging to a female person.
I observed a small web-footed broad-billed swimming bird belonging to a female person. The bird had a telescope.
I observed a female person move quickly downwards. The person had a telescope.
I used a telescope to observe a female person move quickly downwards.
I used a telescope to cut a small web-footed broad-billed swimming bird belonging to a female person.
I used a telescope to observe heavy cotton fabric of plain weave belonging to a female person.
I used a telescope to cut heavy cotton fabric of plain weave belonging to a female person.



Scale: Applications x Languages
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Sparsity

 Sparse data due to Zipf’s Law
 Most frequent words in the 

English Europarl corpus (out of 
24M word tokens)

 36,231 occur only once
o pseudo-rapporteur, lobby-ridden, 

perfunctorily, Lycketoft, 
UNCITRAL, policyfor, 145.95 ..



Word Frequency Distribution
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Zipf’s Law
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Variation over Domains
 Suppose you trained a part-of-speech tagger or parser on the Wall Street Journal
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 What happens if you try to use the same tagger/parser for social media text?



Why NLP hard?

37



Variation over Time and Location
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A Latent Variable Model for Geographic Lexical Variation [ Eisenstein et al., 2010]



Implicit meaning behind language

 Speech act 
o “Could you please pass the kimchi to me?” 

 Implicature
o Alice: "Are you going to Paul’s party?"   
o Bob: "I have to work.“
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[Grice 1975]

[Austin 1962]

• labelling
• repeating
• answering
• requesting (action)
• requesting (answer)
• calling
• greeting
• protesting
• practicing



Unknown Representation

 We don’t even know how to represent knowledge a human has/needs
 What is the meaning of word or sentence?
 How to model context or general knowledge?
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“Drink this milk” “Sunset is beautiful” Elephants are bigger than mice?



Language is multi-faceted

 A multitude of implicit 
information not explicitly 
obvious on the surface. 
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Are you there?
Honey! I’m here!

I skipped lunch today Choose one: Korean, 
Japanese, or American.

Korean!
How about Green 

Pepper tonight?Sounds perfect!

I will book it at 6, so see you there by 
then. Don’t forget to bring your umb. 

Language is multi-faceted
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Ⓞ Relationship with the listener: couple

Ⓞ Closeness to the listener: very close   

Ⓞ Experience with the speaker: <Alice, like, Bibimbap>  

Ⓞ Commonsense reasoning:  <ㄱLunch, cause, hungry>

Ⓞ Goal: deciding a restaurant 

….

I skipped lunch today I will book it at 6, so see you 
there by then. Don’t forget to 

bring your umb. 

Honey! I’m here!

Implicit 
facets

Language is multi-faceted



What makes language difficult?

 Language is ambiguous
 Language needs to be scaled
 Language is sparse
 Language is varying
 Language is implicit
 Language is hard to represent
 Language is multi-faceted
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Methods

 Logic-based and rule-based NLP systems (~80s)
 Dynamic programming and Viterbi algorithm/CKY (~90s)
 Naïve Bayes, LogReg, HMM/CRF, SVM, Language models (~00s)
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Methods

 Statistical NLP (~2005s)
 Latent variable models (~2015s)

o Specifying probabilistic structure between variables and inferring likely 
latent values,

46



Methods

 Engineered features and SVMs (2005s ~ 2010s)
 Learned features/representations (2013s ~ present)
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Fields Connected to NLP
 Machine/Deep Learning
 Computational linguistics (psycho-, socio-)
 Computational Psychology
 Computational Social science
 Computational Journalism / Political Science
 Computational Humanities
 Data Science
 Artificial Intelligence
 Cognitive Science
 Neuroscience
 Economics
 Education 
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Intro to Natural Language Processing Research

51



Intro to Natural Language Processing Research
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Outline

 Research intensive like other 8XXX courses
o If you are not sure you can make a research progress, please drop 

the course and give a chance to others.
o NLP with Deep Learning" in Fall 2022

 30m lecture and 45m discussion on two papers
 A semester-long project 
 Four homeworks
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Grading

 40% Homeworks (total four homeworks)
 50% Final project
 10% Class participation (potential bonus) 

o Active participation in class discussions and project 
presentations
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Late policy for deliverables

 Each student will be granted 3 late days to use for 
homeworks over the duration of the semester. After all free 
late days are used up, penalty is 25% for each additional late 
day. 

 However, projects submitted late after all late days have been 
used will receive no credit.
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Course Hours

 Class hours:
o Tue and Thur, 4:00pm to 5:15pm in Keller Hall 2-260

 Office hours:
o Friday, 3:00pm to 4:30pm in Shepherd 259
o For some weeks, I may be only available via Zoom.
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Course Information

 Class homepage:
o dykang.github.io/classes/csci8980/Spring2021/

 Discussion in Pizza or Slack?
o piazza.com/umn/spring2022/csci8980006
o csci8980-06-s22.slack.com

 HW/Project submission and Grading
o canvas.umn.edu/courses/302319
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https://dykang.github.io/classes/csci8980/Spring2021/
https://piazza.com/umn/spring2022/csci8980006/home
https://csci8980-06-s22.slack.com/
https://canvas.umn.edu/courses/302319


Course Schedule http://dykang.github.io/classes/csci8980/Spring2021/
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http://dykang.github.io/classes/csci8980/Spring2021/


Outline of Topics

 Basic models and representations
o Text classification and clustering
o Language models
o Lexical / distributional / contextualized semantics

 Applications
o Discourse, Translation, QA, Dialogue, Summarization, Generation, Coreference, Styles

 NLP pipeline
o Annotation / Hypothesis testing / Evaluation

 Advanced topics
o Biases & Ethics, Interpretability, Controllability, Robustness
o Interactive NLP, Language grounding, Social NLP, Data-centric NLP
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Project Deliveries and Due

 2-3 students per group 
 Proposal and literature review (10%), Feb 17
 Midterm presentation (10%), Mar 8 and 10
 Final presentation (10%), May 3 and 5
 Final report and code (20%), Due: May 5, 11:50pm
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Project Goal (50%)

 Taste a full pipeline of NLP research: 
o data annotation or understanding of existing dataset 
o model development 
o experiment and error analysis 
o discussion on limitations and ethical issues.

 The detailed project description will be out on Jan 27.
 Office hours on Jan 28, Feb 4, and Feb 11 reserved for 

consulting project proposal ideas
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Homework Details (40%)

 HW1: Paper presentation (10%)
o Due: before end of semester

 HW2: Paper replication (10%)
o Due: Feb 10

 HW3: Error analysis (10%)
o Due: Mar 1

 HW4: Data annotation (10%)
o Due: Apr 14
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HW1 Announcement

 Assign yourself on two papers this sheet in Reading. 
 You are responsible for presenting the papers in class and 

leading the discussion. 
 Two students present for 20 minutes each, 

o an overview of the paper (10 minutes) 
o three points for discussion (10 minutes) 

E.g., limitations, future directions, links to other similar papers, etc.
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https://docs.google.com/spreadsheets/d/1O7r1s_BHehH1W-n1GnBq-P7Opu1LZvXzqw8XExdKEQI/edit?usp=sharing


HW1 Announcement (cont’d)

 Upload your slides here before the class. 
 Bonus point (1% for each)

o A comparative or incremental papers of 2+ papers
o The best presenters/participants up to 3 students each
o Papers on Jan 20
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https://drive.google.com/drive/folders/1RsDqbDrovH_0bevadOkilAhdgP2ZxJdz?usp=sharing




Next..

 Text classification
 Two readings:

o Socher, R., Perelygin, A., Wu, J., Chuang, J., Manning, C. D., Ng, A. 
Y., & Potts, C. Recursive Deep Models for Semantic Compositionality 
Over a Sentiment Treebank In Proceedings of the 2013 conference 
on empirical methods in natural language processing (pp. 1631-1642).

o Zhang, J., Chang, J. P., Danescu-Niculescu-Mizil, C., Dixon, L., Hua, 
Y., Thain, N., & Taraborelli, D. (2018). Conversations Gone Awry: 
Detecting Early Signs of Conversational Failure
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