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The aims and methods of 
t ti l li i ticomputational linguistics

• The relation between Informatics and Linguistics

• Computationally ‘responsible’ linguistic p y p g
approaches: what does that mean?

• Application areasApplication areas
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Orientation

• Examples

– already many computational applications 
of ‘knowledge’ of language: i.e., where some 
linguistics appears in a computational contextlinguistics appears in a computational context

• Starting question:

– What kinds of linguistic knowledge are involved?g g
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Many computational applications 
f ‘k l d ’ f l l dof ‘knowledge’ of language already

• speech recognition / speech synthesisspeech recognition / speech synthesis
– word recognition 
– announcement systems
– telephone information systems

• indexing documents for retrieval (stemming, tagging)

• establishing various metrics for evaluating 
or describing texts

• dictionaries / lexical databases

• machine translation

• report generation

• automatic dialogue systems
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Lexical DatabasesLexical Databases
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Lexical Databases: e.g., WordNetLexical Databases: e.g., WordNet
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WordNet organisation

Sprach- und Literaturwissenschaften 9



The WordNet approach to 
di ti i hi i ‘ t ’distinguishing meanings: ‘synsets’
• { t 0 b } t f t• {carton, case0, box}

• {case1, bag}
artefact: case

• {case2, pillowcase, pillowslip, slip2, bed linen}

• {bag1, case3, grip, suitcase, traveling bag}{ g , , g p, , g g}

• {cabinet, case4, console, cupboard}

• {case5 container}• {case5, container}

• {shell, shell plating, case6, casing1, outside surface}

• {casing, case7, framework}
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WORDNET
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Global WordNet Association
http://www globalwordnet org/gwa/wordnet table htmhttp://www.globalwordnet.org/gwa/wordnet_table.htm
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Report GenerationReport Generation
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Report Generation: FoG: Input
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FoG: Output
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Multilingual Report Generation + 
G E i iGrammar Engineering
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DialogueDialogue
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One example application: spatial dialogues…One example application: spatial dialogues…

Drive to
The fridge is on the right, 

Augmenting MapsDrive Instructions

Drive to
the kitchen

and left of the stove

Drive in front
of the fridge

Sprach- und Literaturwissenschaften 20



Situated DialogsSituated Dialogs

Drive in front
of the fridge

On the left!

Is the fridge
on the left or

Sprach- und Literaturwissenschaften 21
on the left or
on the right?



Bremen Autonomous Wheelchair: Rolland

Qualitative Information
“In front to the right isIn front to the right is 

the seminar room”

Quantitative Information
: Rolland

Symbolic Information
Sprach- und Literaturwissenschaften 22

Symbolic Information
[door_1 recognized]



What kind of linguistic knowledge is 
i l d i th ki d f t ?involved in these kinds of systems?
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Levels of language technologyLevels of language technology

• Phonetic / Phonological
speech processing / 

speech synthesis

• Syntactic / Grammatical tactical generation /
i t h l

p y

• Semantics reasoning logic

parsing technology

Semantics

• P ti

reasoning, logic, 
knowledge representation, 

ontologies• Pragmatics

dialogue acts

ontologies
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Close relation between theory and practiceClose relation between theory and practice

• Theory informs our modelling

• The performance of those models in realThe performance of those models in real 
or test applications gives us input about 
the quality of the theory usedthe quality of the theory used
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Language Processing Tasksg g g

Meaning

Natural Language 
Understanding

Natural Language 
Generation

Text Text

Speech 
Recognition

Speech 
Synthesis

Speech Speech
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So, what kind of thing 
is language anyway?
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Communication ModelCommunication Model

speaker hearer

message message

codecode codecode
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Bee communication

From: Michael Dobrovolsky (1996) “Animal Communication”. In: O’Grady / 
Dobrolovksy / Katamba Contemporary Linguistics: an introduction. p636
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Language acquisition by 
non human primatesnon-human primates

• 1930-1940s: Gua + Viki1930 1940s: Gua + Viki
[baby chimpanzees, spoken language]

• 1960• 1960s
– Sarah
– Lana– Lana
– Kanzi [large buttons on keyboard]

• 1970s
– Washoe [chimp, ASL]

Patterson (1978) “Language is
– Koko [Gorilla, ASL]
– Nim Chimpsky …

Patterson (1978) Language is 
no longer  the exclusive 
preserve of man.”
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The debate continues…The debate continues…

• Seidenberg and Petitto:

“We believe that … there is no basis to conclude that 
signing apes acquired linguistic skills.”

• Fouts:

“Wh h j [W h L S h d Ni ]– “When these projects [Washoe, Lana, Sarah and Nim] 
are taken together, it can be seen that chimpanzees are 
within the range of language behaviour of humans andwithin the range of language behaviour of humans and 
therefore have the capacity for language.”
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Basic QuestionsBasic Questions

C thi b t th ki d f d• Can we say something about the kind of code 
that human’s employ?

• Something that brings out what is unique in this 
system of language in relation to others?

• Something that explains at the same time how it 
is that any child will learn the language(s) that it 
i fi t d t ?

Sprach- und Literaturwissenschaften 32
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History of Computational Linguistics

• History

– what is computational linguistics? 

– where did it come from?

– what does it have to do with linguistics?what does it have to do with linguistics?
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Computational Linguistics ?Computational Linguistics ?

linguistics
informatics?

Sprach- und Literaturwissenschaften 34



Computational Linguistics ?Computational Linguistics ?

linguistics
informatics?
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Computer ScienceComputer Science

• Formal Language Theory 
(mathematics: 1930s + 1940s)

– a language is a set of strings

– grammars can describe sets of strings

– we can divide grammars into distinct 
classes according to how ‘powerful’classes according to how powerful  
they are
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ExampleExample

• A ‘language’ might be the set of strings:

– {ab, aabb, aaabbb, aaaabbbb, …}{ , , , , }

Thi b d d b f th• This can be produced by a grammar of the 
following kind:

A → ab

A → aAb

(Questions of ‘meaning’ left out for the time being)
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ExampleExample

• The grammar ‘assigns’ structures to 
strings

AA
A Ab

A → aAb

A A → aAb

A A → ab

a a a b b b
Sprach- und Literaturwissenschaften 38



ExampleExample

• It was noted that some strings just can’t 
be produced by some kinds of 
grammars...

a a b b c c 
a a a b b b c c ca a a b b b c c c

???

an bn cn
???
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‘Chomsky’ HierarchyChomsky  Hierarchy

Type 0 : unrestricted
β

Type 1 : context-sensitive

α→β

Turing equivalence

αAβ→ αγβ

Type 2 : context-free
A → γ

Type 3 : regular

Sprach- und Literaturwissenschaften 40



Computational Linguistics ?Computational Linguistics ?

linguistics
informatics? What kind of thingWhat kind of thing 

is language 
anyway?anyway?
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Communication ModelCommunication Model

speaker hearer

message message

codecode codecode
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Basic QuestionsBasic Questions

C thi b t th ki d f d• Can we say something about the kind of code 
that human’s employ?

• Something that brings out what is unique in this 
system of language in relation to others?

• Something that explains at the same time how it 
is that any child will learn the language(s) that it 
i fi t d t ?
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Chomsky’s ‘revolution’Chomsky s revolution

• In short:

– just what kind of code is this?just what kind of code is this?
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Chomsky’s ‘revolution’Chomsky s revolution

• Fairly easy to show that the kinds of 
structures observable in natural human 
language do not fit in the simpler classeslanguage do not fit in the simpler classes 
of grammatical system

– not regular

– not context-freenot context free

– …?
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Chomsky’s ‘revolution’Chomsky s revolution

Chomsky 1956

Grammar much simplifiedGrammar much simplified 
(particularly with the interface with morphology)
if a rule such as the following were possible:if a rule such as the following were possible:
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Affix-hopping
Af V  V Af
S S

Af  V               V Af

VP
NP NP VP

Det N V NPAux N V NPDet

Det NTense Det NTense

The thebitePAST sandwichfarmer The thebite PAST sandwichfarmer
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Chomsky’s ‘revolution’Chomsky s revolution

Chomsky 1956:118
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Chomsky’s(1957) positiony (1957) p

• Previous and other current accounts of syntax not 
powerful enough to deal with the basic facts of 
languagelanguage

– not precise or restrictive enough: how can 
hild l t t d t f th d ?children learn an unstructured set of methods?

– finite-state models do not match human language

– meaning was not addressed and therefore 
something is seriously wrong (Behaviourism)g y g ( )
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Chomsky: definitions (1957)Chomsky: definitions (1957)

• Language: 

– language is a set (finite or infinite) of– language is a set (finite or infinite) of 
sentences

• Grammar:

– a device that generates all the– a device that generates all the 
grammatical sequences [of that 
language] and none of thelanguage] and none of the 
ungrammatical ones.
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A Phrase Structure GrammarA Phrase Structure Grammar

(a) S NP + VP

(b) NP  Det + N

(c) VP  V + NP(c) VP  V + NP

(d) Det  the

(e) N  {dog, duckling, sandwich, ...}

(f) V  {bite, chase, hop, kill, ...}
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Phrase Structure Markers

SS

NP VP

Det N V NP

D t NDet N

The duckling the farmerbit
Sprach- und Literaturwissenschaften 52

he duckling the fa mebit



Phrase Structure Markers: reuse of 
t t l k l dstructural knowledge

SS
NP  Det+N

NP VP

Det N V NP

D t NDet N

The duckling the farmerbit
Sprach- und Literaturwissenschaften 53
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Capturing relations (or failing to) 

• The duckling bit the farmer

• The farmer was bitten by the ducklingThe farmer was bitten by the duckling

• S NP+V+NP

• S NP+be+V+by+NP

• *The sandwich bit the farmerThe sandwich bit the farmer

• *The farmer was bitten by the sandwich
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The Passive Transformation
(Ch k 1957)(Chomsky, 1957)

NP1 V NP2  NP2 be -en V by NP1
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Affix-hopping
Af V  V Af
S S

Af  V               V Af

VP
NP NP VP

Det N V NPAux N V NPDet

Det NTense Det NTense

The thebitePAST sandwichfarmer The thebite PAST sandwichfarmer
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Transformational Grammar in 
S t ti St t (1957)Syntactic Structures (1957)

Phrase Structure Rules

underlying phrase markers

Transformations

derived sentences 
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Chomsky and the first stabs at 
meaningmeaning

“In order to understand a sentence it is necessary to know the
kernel sentences from which it originates (more precisely,
the terminal strings underlying these kernel sentences)
and the phrase structure of each of these elementary components,
as well as the transformational [or derivational] history ofas well as the transformational [or derivational] history of
development of the given sentence. The general problem of
analyzing the process of ‘understanding’ is thus reduced...toanalyzing the process of understanding  is thus reduced...to 
the problem of explaining how kernel sentences are 
understood...”

Chomsky (1957:92) Syntactic Structures.

Sprach- und Literaturwissenschaften 58



Phrase Structure RulesPhrase Structure Rules

make possible a very differentmake possible a very different 
kind of model !!

Sprach- und Literaturwissenschaften 59



FORM FUNCTION

m o d e l s
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New Model of Syntax / GrammarNew Model of Syntax / Grammar

• A generative model

– where we can follow the rules and build– where we can follow the rules and build 
sentences

– or even better, some ‘machine’ can 
follow the rules and builld sentences

• Noam Chomsky (1957) 

Autonomous Syntax
Sprach- und Literaturwissenschaften 62
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New Model of Syntax / GrammarNew Model of Syntax / Grammar

• and some ‘machine’ can also do the 
analysis, building the structure on the 
basis of the rules…

– that ‘machine’ can be a computer

– or a brain…
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Some consequences...Some consequences...

• Psychology: excited about the possibility 
of getting at the brain’s operations via 
transformations

• English Studies: excited about the factEnglish Studies: excited about the fact 
that meaning and grammar were now 
acceptable againacceptable again

• Philosophy: excited about the mental 
modelling suggested
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Some cracks...Some cracks...
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Katz and Fodor:
t f titransformations

“It would be theoretically most satisfying, if we could take 
the position that transformations never changed meaning.”

Katz and Fodor (1964: 515)

Katz and Postal: An Integrated Theory of Linguistic 
Descriptions (1964)

•the “Katz-Postal Hypothesis”
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Interpretive Semantics
Transformational Grammar in

Interpretive Semantics
Transformational Grammar in

Aspects (1965) the basis 
fPhrase Structure Rules

L i L i l I i R l

for 
working 

Lexicon Lexical Insertion Rules

Semantic

g
out 

meaningdeep structures

Transformational Component

Component
meaning

surface structures semantic representations
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Changes in perspective from Syntactic 
St t (1957) t A t (1965)Structures (1957) to Aspects (1965)

• Kernel to deep structure: deep structure• Kernel to deep structure: deep structure 
becoming increasingly ‘abstract’

• Transformations becoming increasingly 
general and nonspecificgeneral and nonspecific
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An abstractAn abstract 
deep 

t tstructure
Ross/Lakoff

“Floyd broke the glass”

Sprach- und Literaturwissenschaften 69•lexical decomposition
•performative hypothesis



Meeting Logic:1
Th h d th d kThe man chased the duck

SS

Predicate-Phrase
NP

Aux VP

NPPAST V

Det N

NP

D t N

the
PAST V

chased

man

Det N

duckthe

chased
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Meeting Logic:1
Th h d th d kThe man chased the duck

((Th ) (PAST ( h d (th d k) ) )((The man)NP (PAST (chased (the duck) NP) VP)predicate-phrase
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Meeting Logic:2Meeting Logic:2

CHASE (x y) & MAN (x) & DUCK (y)CHASE (x, y) & MAN (x) & DUCK (y)

i iProposition

Proposition NP:x NP:yProposition NP:x NP:y

duckthex chase y the man
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Generative Semantics

CHASE (x, y) & MAN (x) & DUCK (y)

i ’t th t j t h t d?“the man chased the duck” isn’t that just what we need?the man chased the duck
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Early ProblemEarly Problem

• Transformations clearly could often 
change meaning….

– negation

– passive
• “Two languages are spoken by everyone inTwo languages are spoken by everyone in 

this room”

• “Everyone in this room speaks two• Everyone in this room speaks two 
languages”

Sprach- und Literaturwissenschaften 74



Chomsky: Extended Standard TheoryChomsky: Extended Standard Theory

D-Structure

S-Structure

PF LF
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Deeper Problems and the beginnings of 
t ti l li i ticomputational linguistics

the early accounts 
of these formal 
relationshipsrelationships 
turned out to be 
extremely 

l tunpleasant 
computationally

Peters / Ritchie (1973)
“On the generative power of g p
transformational grammar”
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‘Chomsky’ HierarchyChomsky  Hierarchy

TRANSFORMATIONALType 0 : unrestricted
α→β

TRANSFORMATIONAL
GRAMMAR

Type 1 : context-sensitive
αAβ→ αγβ

Type 2 : context-freeType 2 : context free
A → γ

Type 3 : regular
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Computational Linguistics ?Computational Linguistics ?

linguistics

What kind of thingWhat kind of thing 
is language 
anyway?anyway?
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Deeper Problems and the beginnings of 
t ti l li i ticomputational linguistics

can we specify the 
necessary y
relationships without
requiring a formalism 

ffthat dives off the 
deep end into full 
Turing equivalence?Turing equivalence?

LFG, TAG, CCG, …
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Deeper Problems and the beginnings of 
t ti l li i ticomputational linguistics

can we perhaps do 
without these kind 
of grammars
altogether???
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~1.1m high, bipedal Years ago Genus: 
3 million Homo

1.7 million

700 thousand

130 thousand
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Smithsonian
http://www.mnh.si.edu/anthro/humanorigins/ha/a_tree.html
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More modern studiesMore modern studies

• Max Planck Institute forMax Planck Institute for 
evolutionary anthropology 
in Leipzig:in Leipzig: 
Tomasello and colleagues

– trying to discover more finely just what skills– trying to discover more finely just what skills 
go into language behaviour…

comparative experiments with young apes and– comparative experiments with young apes and 
children

j t h t th biliti th t– just what are the abilities that are necessary 
for language acquisition? where are the 
differences?

Sprach- und Literaturwissenschaften 83
differences?



MPI
l ti th l (L i i )evolutionary anthropology (Leipzig)

• tool use
• physical propertiesp y p p
• communication

• deception
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ComparisonsComparisons
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Language as an Emergent PhenomenonLanguage as an Emergent Phenomenon

• Luc Steels and colleaguesLuc Steels and colleagues

– How much can language systems 
establish themselves out of the 
constraints of goal-directed interaction?
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Luc Steels: EmergenceLuc Steels: Emergence

L. Steels 
M. Loetzsch

K. Coventry 
T. Tenbrink 
J. Bateman, (eds.) 
(2009) Spatial 
Language in Dialogue. 
Oxford University 
Press, Oxford 
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C f L i (St l )Convergence of Lexicons (Steels)
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Convergence of Ontologies (Steels)Convergence of Ontologies (Steels)

L. Steels 
M. Loetzsch
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Perspective in Spatial LanguagePerspective in Spatial Language

L. Steels 
M. Loetzsch

K. Coventry, T. Tenbrink, J. Bateman, (eds.) (2009) Spatial Language in 
Dialogue. Oxford University Press, Oxford 
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Remaining open problemsRemaining open problems

• Are the constraints of the communicative situation reallyAre the constraints of the communicative situation really 
sufficient to bring about the kind of grammatical organisations 
that we find?

b bl ildl t t iti–e.g., probably mildly context sensitive…
TAGs, CCGs, etc.

• This problem is often rejected in usage-based accounts.

• Tomasello (2003: 301): Constructing a language( ) g g g
“It is probably true that constraining linguistic generalizations 
appropriately is the aspect of the current usage-based theory that, 
at the moment is its weakest link ”at the moment, is its weakest link.
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Computational LinguisticsComputational Linguistics

linguistics

What kind of thingWhat kind of thing 
is language 
anyway?anyway?
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Computational LinguisticsComputational Linguistics

neuro-psych / 
cognitive models
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Language is ‘doubly articulated’ (Martinet)Language is doubly articulated  (Martinet)

lan analogy

lexicogrammar++
li f bit i

phonology +

line of arbitrariness

phonetics

…, /k/, /ɪ/, /t/, …
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Computational LinguisticsComputational Linguistics

computational model
neuro-psych / 
cognitive models

computational model

computational implementation

line of arbitrariness

computational implementation
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Natural Language TechnologyNatural Language Technology

computationalcomputational
linguistics Natural

LanguageLanguage
Technology
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Profile: Computational LinguisticsProfile: Computational Linguistics

• Essentially an integrative enterprise

– diverse areas from linguistics:– diverse areas from linguistics:
• syntax, semantics, phonetics, 

ti l ipragmatics, lexicon

– diverse area from informatics:
• logic, programming, knowledge 

representation, parsing methods, datarepresentation, parsing methods, data 
structures, 
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Levels of language technologyLevels of language technology

• Phonetic / Phonological
speech processing / 

speech synthesis

• Syntactic / Grammatical tactical generation /
i t h l

p y

• Semantics reasoning logic

parsing technology

Semantics

• P ti

reasoning, logic, 
knowledge representation, 

ontologies• Pragmatics

dialogue acts

ontologies

Sprach- und Literaturwissenschaften 99
dialogue acts,

dialogue processing



Jobs for linguists....Jobs for linguists....

• Computational linguistics is in many respects a 
‘booming’ field

– many application areas

– requiring:requiring:
• detailed theoretical knowledge about distinct aspects of 

linguistics

• detailed theoretical knowledge about distinct aspects of 
computation

ti l k l d b t tti th t th i t• practical knowledge about putting these together into 
working systems
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Computational Linguistics

• HistoryHistory

– what is computational linguistics? 

h did it f ?– where did it come from?

– what does it have to do with linguistics?

• To come: Theoretical + Practical Work

– some frameworks and basic toolssome frameworks and basic tools
used in computational linguistics

– grammars and semanticsg

– some examples: analysis, generation, dialogue
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Accompanying Readingp y g g
• Dale / Moisl / Somers (Hrgg)(2000) A handbook of natural languageDale / Moisl / Somers (Hrgg)(2000) A handbook of natural language 

processing: techniques and applications for the processing of language as text. 
Dekker.

Chapters:Chapters:
Preface, pp.iii-viii
5. Semantic Analysis (Poesio)
7. Natural Language Generation (McDonald)
13 Machine Translation (Somers)13. Machine Translation (Somers)
14. Dialogue Systems: from theory to practice (Allen)

• Mitkov (Hrg)(2002) Oxford Handbook of Computational Linguistics. OUP.

Chapter:
25. Ontologies (Vossen)

• Meyer (2002) Synchronic English Linguistics: An introduction GNV• Meyer (2002) Synchronic English Linguistics: An introduction. GNV.

Chapter:
4.5 Formal Semantics (pp118—132)
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