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Plan for the seminar

• Introduction: NLP, Semantic Processing

• Word Sense Disambiguation 
 Knowledge-based
 Supervised
 Unsupervised
 Specific domains: UMLS
 Domain adaptation

• Entity Linking / Named Entity Disambiguation

• Semantic Similarity/Relatedness 

• Applications in IR. 



3

A bit about myself and my group

• IxA NLP group: resources, 
tools for processing Basque

• Commercial applications: 
spelling correction, 
grammar checker, 
education, (CL)IR, QA, MT 

• Semantics (my area)
 Building WordNets, semantically annotated corpora
 Knowledge Acquisition
 Semantics (WSD, Entity Linking, SRL, similarity)
 Application of semantics (IR, parsing)

http://ixa2.si.ehu.es/eneko
http://ixa.si.ehu.es/
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A bit about yourselves

• Introduce yourself

• Please do interrupt

• Open to discussion out of class
 possible collaborations
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Natural language processing, 
semantic processing and applications

• Natural Language Processing

• Subtasks of NLP
 Syntactic
 Semantic
 Pragmatic

• Problems and methods

• Applications 
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Natural Language Processing

• NLP is the branch of computer science 
focused on developing systems that allow 
computers to communicate with people 
using everyday language.

• Also called Computational Linguistics
– Also concerns how computational methods can 

aid the understanding of human language

6
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Natural Language Processing

• Fundamental goal: deep understanding of 
broad language
 Not just string processing or keyword matching!
 ... but amazing how far we can go with just those

• End systems that we want to build:
 Ambitious: speech recognition, machine 

translation, question answering, dialogue, etc.
 Modest: small vocabulary speech, OCR of modern 

fonts, spelling correction, text categorization, etc.

Slide taken from Klein’s course: UCB CS 288 spring 09 
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Related Areas

• Computer science
 Artificial Intelligence, Machine Learning
 Formal Language (Automata) Theory
 Information Retrieval

• Other
 Linguistics, Psycholinguistics
 Cognitive Science, Philosophy of Language
 Neurosciences

8
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Communication

• The goal is the production and comprehension of 
natural language is communication.

• Communication for the speaker (production):
– Intention: Decide when and what information should 

be transmitted (a.k.a. strategic generation).  May 
require planning and reasoning about agents’ goals and 
beliefs.

– Generation: Translate the information to be 
communicated (in internal logical representation or 
“language of thought”) into string of words in desired 
natural language (a.k.a. tactical generation).

– Synthesis: Output the string in desired modality, text or 
speech.
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Communication (cont)

• Communication for the hearer (comprehension):
– Perception: Map input modality to a string of words, 

e.g. optical character recognition (OCR) or speech 
recognition.

– Analysis: Determine the information content of the 
string.

• Syntactic interpretation (parsing): Find the correct parse 
tree showing the phrase structure of the string.

• Semantic Interpretation: Extract the (literal) meaning of the 
string (logical form).

• Pragmatic Interpretation: Consider effect of the overall 
context on altering the literal meaning of a sentence.

– Incorporation: Decide whether or not to believe the 
content of the string and add it to the KB.
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Communication (cont)
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Syntax, Semantic, Pragmatics

• Syntax concerns the proper ordering of words and its effect 
on meaning.
– The dog bit the boy.
– * Bit boy dog the the.
– Colorless green ideas sleep furiously.

• Semantics concerns the (literal) meaning of words, 
phrases, and sentences.
– “plant” as a photosynthetic organism
– “plant” as a manufacturing facility
– “plant” as the act of sowing

• Pragmatics concerns the overall communicative and social 
context and its effect on interpretation.
– He did it today. (co-reference)
– The ham sandwich wants another beer. (metaphor)
–  I was hungry. I opened the refrigerator. (world-knowledge)
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Modular Comprehension

Acoustic/
Phonetic

 Syntax Semantics

 
Pragmatics

words parse
trees

literal
meaning

meaning
contextualized   

 

sound 
waves
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Ambiguity

• Natural language is highly ambiguous and must be 
disambiguated.
– I saw the man with a telescope.
– I saw the man with a hat

– I saw the mountains flying to Bari
– I saw the plane flying to Bari

– Time flies like an arrow.

– Horse flies like a sugar cube.
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Ambiguity is Ubiquitous

• Speech Recognition
– “youth in Asia” vs. “euthanasia”

• Syntactic Analysis
– “I ate spaghetti with chopsticks” vs. “I ate spaghetti with meatballs.”

• Semantic Analysis
– “The dog is in the pen.” vs. “The ink is in the pen.”

• Pragmatic Analysis
– From “The Pink Panther Strikes Again”:
– Clouseau: Does your dog bite? 

Hotel Clerk: No. 
Clouseau: [bowing down to pet the dog] Nice doggie. 
[Dog barks and bites Clouseau in the hand] 
Clouseau: I thought you said your dog did not bite! 
Hotel Clerk: That is not my dog. 

http://www.imdb.com/name/nm0000634/
http://www.imdb.com/name/nm0000634/
http://www.imdb.com/name/nm0073539/
http://www.imdb.com/name/nm0000634/
http://www.imdb.com/name/nm0000634/
http://www.imdb.com/name/nm0073539/
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Why is Language Ambiguous?

• Otherwise we would need a unique linguistic 
expression for every possible conceptualization. 

• Ambiguity permits shorter linguistic expressions, 
i.e. data compression.

• People use shared knowledge and inference 
abilities to properly resolve ambiguities.

• Infrequently, disambiguation fails, i.e. the 
compression is lossy.

16
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Natural Language SubTasks

• Processing natural language text involves 
many various syntactic, semantic and 
pragmatic subtasks in addition to other 
problems.
 Syntactic
 Semantic
 Pragmatic

17
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Syntactic Tasks
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Word Segmentation

• Breaking a string of characters (graphemes) into a 
sequence of words.

• In some written languages (e.g. Chinese) words 
are not separated by spaces.

• Even in English, characters other than white-space 
can be used to separate words [e.g. , ; . - : ( ) ]

• Very hard for speech (speech to text conversion, 
dictation software) and OCR

• We sometimes assume complete clean text is 
available, but check pdf2text 
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Morphological Analysis

• Morphology is the field of linguistics that studies the 
internal structure of words. 

• A morpheme is the smallest linguistic unit that has 
semantic meaning.
–  e.g. “carry”, “pre”, “ed”, “ly”, “s”

• Morphological analysis is the task of segmenting a word 
into its morphemes (inflection, derivation):
– carried ⇒  carry + ed (past tense)

– independently ⇒  in + (depend + ent) + ly 

– Googlers ⇒  (Google + er) + s (plural)

– unlockable ⇒  un + (lock + able)  ?

                       ⇒  (un + lock) + able  ?
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Part Of Speech (POS) Tagging

• Annotate each word in a sentence with a 
part-of-speech.

• Misspelling treatment: euthanasya

• Many applications stop NLP here

I     ate   the  spaghetti  with   meatballs.  
Pro  V   Det        N       Prep        N

John  saw  the  saw  and  decided  to  take  it     to   the   table.
PN      V   Det    N   Con      V     Part  V   Pro Prep Det    N
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Multiwords, entities and named-entities

• Recognize multiword expressions
 Compounds, idioms, pharasal verbs 

 laser printer, kick the bucket, look after

 Named-entities
 Barack Obama, George W. Bush, 

Università degli Studi di Bari Aldo Moro

• Other entities
 Time expressions, quantities

 June 67, the following day, 4.4 Million €

• Other applications stop NLP here
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Syntactic Parsing

• Produce the correct syntactic parse tree for 
a sentence.
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Semantic Tasks
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Text understanding

• Understand broad language, what's behind 
the surface of strings
 Barcelona boss says that Jose Mourinho is “the 

best coach of the world”



Text understanding

• From string to a semantic representation (FOL)
Barcelona coach praises Jose Mourinho.
Exist e1, x1, x2, x3 such that
   FC_Barcelona(x1) & coach:n:1(x2)

praise:v:2(e1,x2,x3) & Jose_Mourinho(x3)

• Disambiguation: Concepts, Entitities and Semantic Roles

• Plus quantifier scoping, and a long etc. 

• Inference and Reasoning
 Barcelona coach praises Mourinho ~ Guardiola honors Mourinho

• … With respect to some Knowledge Base
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Word Sense Disambiguation (WSD)

• Words in natural language usually have a 
fair number of different possible meanings.
– Ellen has a strong interest in computational 

linguistics.
– Ellen pays a large amount of interest on her 

credit card.

• For understanding the sentence, the proper 
sense of each ambiguous word in a sentence 
must be determined.
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Named-entity classification

• There are millions of named-entities

• Try to figure out their semantic class
 Location, organization, person, other

 Barack Obama
 Università degli Studi di Bari Aldo Moro
 Apocalypse Now

 Many are ambiguous
 Bari scored a goal in Bari

 Location 
 Organization (A.S. Bari)
 Person (Bari Morgan)
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Entity Linking 
Named-entity disambiguation

I watched “Slapshot”, the 1977 hockey classic starring 
Paul Newman for the first time.

Norfolk also took the Minor Counties One-day Title, 
in 1986 (under Quorn Handley) and again 

(at Lord's, under Paul Newman) in 1997 and 2001.  

• Which Paul Newman?

 Wikipedia: 
Paul_Newman
Paul_Newman_(politician)
Paul_Newman_(cricketer)
Paul_Newman_(linguist)
Paul_Newman_(band)
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• GM’s drive to make Saturn a star again

star_1 -- ((astronomy) a celestial body of hot gases that 
radiates energy derived from thermonuclear reactions in the interior

car manufacturer, car maker, carmaker_1, auto manufacturer, auto maker, automaker 
-- a business engaged in the manufacture of automobiles

campaign, cause, crusade, drive_3, movement, effort 
-- a series of actions advancing a principle or tending toward an end

car_1, auto, automobile, machine, motorcar 
-- 4-wheeled motor vehicle; usually propelled by an internal combustion engine

star_5, principal, lead 
-- an actor who plays a principal role

WSD and NED are closely related
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Semantic Role Labeling (SRL)

• Determine the semantic role played by each 
noun phrase that is an argument to the verb.
agent   patient   source   destination   instrument
– John drove Mary from Bari to Brindisi 

in his car. 
– John broke the window with the hammer .
– The hammer broke the window.
– The window broke.
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Semantic Parsing

• A semantic parser maps a natural-language 
sentence to a complete, detailed semantic 
representation (logical form).

• For many applications, the desired output is 
immediately executable by another program.

• Example: Mapping an English database query to 
Prolog:
   How many cities are there in the US?
   answer(A, count(B, (city(B), loc(B, C), 
                                      const(C, countryid(USA))),
                                A))
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Textual Entailment

• Determine whether one natural language 
sentence entails (implies) another under an 
ordinary interpretation.

TEXT HYPOTHESIS ENTAIL
MENT

Eyeing the huge market potential, currently 
led by Google, Yahoo took over search 
company Overture Services Inc last year.

Yahoo bought Overture. TRUE

Microsoft's rival Sun Microsystems Inc. 
bought Star Office last month and plans to 
boost its development as a Web-based device 
running over the Net on personal computers 
and Internet appliances.

Microsoft bought Star Office. FALSE
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Textual Entailment

• Determine whether one natural language 
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Semantic Text Similarity

• Degree of semantic equivalence between two text snippets

     (5) The two sentences are completely equivalent, they mean the same.  

 The bird is bathing in the sink.  

 Birdie is washing itself in the water basin.

(4) The two sentences are mostly equivalent, but some unimportant 
      details differ.

 In May 2010, the troops attempted to invade Kabul.

 The US army invaded Kabul on May 7th last year, 2010.

(3) The two sentences are roughly equivalent, but some important
      information differs/missing.

 John said he is considered a witness but not a suspect.

 "He is not a suspect anymore." John said.



Semantic Text Similarity

(2) The two sentences are not equivalent, but share some details.

 They flew out of the nest in groups.

 They flew into the nest together.

(1) The two sentences are not equivalent, but are on the same topic.

 The woman is playing the violin.

 The young lady enjoys listening to the guitar.

(0) The two sentences are on different topics.

 John went horse back riding at dawn with a group of friends.

 Sunrise at dawn is a magnificent view to take in if you wake up 
early enough for it.



In this course

Focus on the following tasks:

• Map words in context to their meanings
 Open-class words to senses 

(Word Sense Disambiguation)
 Named-entities to their respective objects

(Entity Linking, Named Entity Disambiguation)

• Similarity between words and phrases
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Problems and Methods
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Methods to fight ambiguity

• Two main alternatives (as in AI)
 Manual rules

 Inference from data

(COLOR=red) ∧ (SHAPE=circle) ⇒ positive
otherwise    ⇒ negative

red blue

SHAPE negative

positive

circle triangle

negative

COLOR

Decision Tree
Example SIZE COLOR SHAPE CLASS

1 small red circle positive

2 big red circle positive

3 small red triangle negative

4 big blue circle negative
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Manual Knowledge Acquisition

• Traditional, “rationalist,” approaches to language 
processing require human specialists to specify 
and formalize the required knowledge.

• Manual knowledge engineering, is difficult, time-
consuming, and error prone.

• “Rules” in language have numerous exceptions 
and irregularities.
– “All grammars leak.”: Edward Sapir (1921)

• Manually developed systems were expensive to 
develop and their abilities were limited and 
“brittle” (not robust).
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Automatic Learning Approach

• Use machine learning methods to automatically 
acquire the required knowledge from appropriately 
annotated text corpora.

• Variously referred to as the “corpus based,” 
“statistical,” or “empirical” approach.

• Statistical learning methods were first applied to 
speech recognition in the late 1970’s and became the 
dominant approach in the 1980’s.

• During the 1990’s, the statistical training approach 
expanded and came to dominate almost all areas of 
NLP.



4242

Advantages of the Learning Approach

• Large amounts of electronic text are available.
• Annotating corpora is easier than writing rules.
• Learning algorithms fast and well understood.

• Robust, linguistic regularities and exceptions.

But... 
• Difficulties to anchor text to deep representations
• Risk to ignore existing knowledge repositories
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Why NLP is difficult

• Key problems:
 Representation of meaning

 Language presupposes world knowledge

 Language only reflects the surface of meaning

 Language presupposes communication between people
➔ Need for semantic processing

• Need to mix approaches:
 Statistical approaches need to go beyond words
 Reuse current knowledge resources
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Applications
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Semantics in NLP applications

• OCR, speech recognition: better language models
• Text Categorization: expand texts with concepts
• Statistical Machine Translation: better language 

models, structural translation
• Information Retrieval: expand texts with concepts, 

organize results by meanings
• Information Extraction: named-entity 

disambiguation
• Question Answering: knowledge bases, match 

queries and texts with answer
• Summarization: beyond extractive summarization
• Dialogue Systems: argumentation
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IR: Organize results by meaning
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Question Answering: Watson

99 cents got me a 4-pack of Ytterlig coasters 
from this Swedish chain

This town is known as "Sin City" & its 
downtown is "Glitter Gulch"

William Wilkinson's "An Account of the 
Principalities of Wallachia and Moldavia" 
inspired this author's most famous novel

As of 2010, this is the only 
former Yugoslav republic in the EU

YAGO

knowledge
back-ends

question
classification &
decomposition

(D. Ferrucci et al. 2010)
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Plan for the seminar

• Introduction: NLP, Semantic Processing

• Word Sense Disambiguation 
 Knowledge-based
 Supervised
 Unsupervised
 Specific domains: UMLS
 Domain adaptation

• Entity Linking / Named Entity Disambiguation

• Semantic Similarity/Relatedness 

• Applications in IR. 
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