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OrganisationOrganisation

S i 1• Session 1:
– basic theoretical tools of computational linguistics
– Natural Language GenerationNatural Language Generation

• Session 2:
– basic theoretical tools of computational linguistics
– Natural Language Analysis

• Session 3:
basic theoretical tools of computational linguistics– basic theoretical tools of computational linguistics

– Dialogue Systems



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)



Session 1Session 1

• basic theoretical tools of computational 
linguisticsg
– logic: introduction

event semantics– event semantics

– ontology

• Natural Language Generation



Basic computational modelling toolsBasic computational modelling tools

• basic computational linguistic tools for• basic computational linguistic tools for 
representing semantics
– logics
– event‐based semantics
– ontologies
– lambda expressionslambda expressions

• basic computational linguistic tools for 
representing information
– feature structures
– unificationunification



SemanticsSemantics

Logic and Semantics



The semiotic triangleg

l i
meaning

logic
meaning

objectlinguistic
sign

object 
in the worldg
“referent”



Logic

Predicates
• “one place” • “two place”

Predicates
p

– door (x)

– accountant (x)

p
– eat (x, y)

– chase (x, y)( )

– book (x)

– run (x)

( , y)

– read (x, y)

( )

ConnectivesConnectives

‘and’ :  ‘or’:  ‘not’:  ‘implies’and  :  or :  not :  implies 



Logical formulaeLogical formulae

• “If someone chases someone else then both 
people run”p p

what predicates?
h t ti ?what connectives?



Logical formulaeLogical formulae

• “If someone chases someone else then both 
people run”p p

chase (x, y)  run (x)  run (y)( y) ( ) (y)

person (x)  person (y)  chase (x, y) 
 run (x)  run (y) run (x)  run (y)



Logic

Quantifiers
• existence:  

Quantifiers

• for all:  

All men are mortal.
S t iSocrates is a man.
Therefore Socrates is mortal.



Logic

Quantifiers
• existence:  
• for all: • for all:  

All men are mortal. • x: man (x)  mortal (x)

Socrates is a man. • man (Socrates)

Therefore Socrates 
 mortal (Socrates)is mortal.  mortal (Socrates)



Logic

Quantifiers
• existence:  
• for all: • for all:  

All men are mortal. • x: man (x)  mortal (x)

Some man is mortal. •  x: man (x)  mortal (x)



Logic: Venn diagrams

mortal things
mortal

men men
mortal 
things

not empty!

All men are mortal. Some man is mortal
x: man (x)  mortal (x)  x: man (x)  mortal (x)



Logical Scope

All men like some mountain.
higher scope

• y: mountain (y)
(x: man (x)  like (x, y))

l

x: man (x)

lower scope

• x: man (x)
(y: mountain (y)  like (x, y))( y (y) ( y))



Logic: capturing ambiguityLogic: capturing ambiguity

1. Every person in this room speaks two 
languages.languages.

2. Two languages are spoken by everyone in 
hithis room. 

what predicates?
h t ti ?what connectives?

what quantifiers?



Logic: Venn diagrams

mortal things
Socrates is a man

men
Socrates is a man.

man (Socrates)

Socrates is mortal
All men are mortal.
x: man (x)  mortal (x)

Socrates is mortal
mortal (Socrates)

x: man (x)  mortal (x)

VALID LOGICAL DEDUCTION



Componential Meanings 
for verbs…

• Dowty…

– The door is open. open(x)

– The door opens. become(open(x))

– John opened the door. cause(John,
become(open(x)))

–Statives, inchoatives, causatives…



An abstract 
deep 

structure
Ross/Lakoff

“Floyd broke the glass”

•lexical decomposition
•performative hypothesis



Linguistic Semantics is not just 
logic though...

• Typically bundled into ‘frames’• Typically bundled into ‘frames’

John kicked the ball on Tuesday

• Frame semantics (Fillmore)



‘Davidsonian’ semanticsDavidsonian  semantics
Charles Fillmore: ‘case grammar’

John kicked the ball on TuesdayJohn kicked the ball on Tuesday

kick (j b t)kick (j,b,t)

• doesn’t really help us put the 
meaning together out of the parts

• doesn’t really seem ‘ontologically’ 
appropriate: we know more than is 
explicitly represented hereexplicitly represented here…



Frame SemanticsFrame Semantics

e.g, FrameNet



‘Davidsonian’ semanticsDavidsonian  semantics
Charles Fillmore: ‘case grammar’

John kicked the ball on Tuesday

event (e) actor (e, j) patient (e, b) time (e, t)∃e
event has.actor (j) has.patient (b) has.time (t)

Description Logic



Using a Description LogicUsing a Description Logic

“Person all of whose children are Doctors and/or have a child who is a Doctor”

PersonPerson 
hasChild.(Doctor 

h Child D t )hasChild.Doctor)

person has Child (j)person has.Child (j) 
j: doctor has.Child (b) 
b: doctor



WordNet organisation



Semantic Hierarchies: OntologiesSemantic Hierarchies: Ontologies

Phys-



Basic computational modelling toolsBasic computational modelling tools

• basic computational linguistic tools for• basic computational linguistic tools for 
representing semantics
– logic

• generation
• analysis– event‐based semantics

– ontologies
– lambda expressions

analysis

lambda expressions

• basic computational linguistic tools for 
representing information
– feature structures
– unificationunification



Language Processing Tasksg g g

Meaning

Natural Language 
Understanding

Natural Language 
Generation

Text

Understanding Generation

Text

Speech Speech 
Recognition Synthesis

S h S hSpeech Speech



Language Processing Tasksg g g

Meaning

Natural Language 
Understanding

Natural Language 
Generation

Text

Understanding Generation

Text

Speech Speech 
Recognition Synthesis

S h S hSpeech Speech



Early System: FoGEarly System: FoG

• Function: 
– Produces textual weather reports in English and French 

• Input: 
– Graphical/numerical weather depiction

• User:User: 
– Environment Canada (Canadian Weather Service)

• Developer: 
– CoGenTex

• Status: 
– Fielded in operational use 1992 onwards– Fielded, in operational use 1992 onwards



FoG: Input



FoG: Output



E l S t TEMSISExample System: TEMSIS
• Function: 

– Summarises pollutant information for environmental officials

• Input: 
– Environmental data + a specific queryp q y

• User: 
– Regional environmental agencies in France and Germanyg g y

• Developer: 
– DFKI GmbH

• Status: 
– Prototype developed; requirements for fielded system being yp p ; q y g

analysed



http://www.dfki.de/service/nlg-demo/



TEMSIS O t t STEMSIS: Output Summary

• Le 21/7/1998 à la station de mesure de Völklingen -Le 21/7/1998 à la station de mesure de Völklingen
City, la valeur moyenne maximale d'une demi-heure 
(Halbstundenmittelwert) pour l'ozone atteignait 104.0 
µg/m³ Par conséquent selon le decret MIK (MIK-µg/m . Par conséquent, selon le decret MIK (MIK
Verordnung), la valeur limite autorisée de 120 µg/m³ 
n'a pas été dépassée.

• Der höchste Halbstundenmittelwert für Ozon an der 
Meßstation Völklingen -City erreichte am 21. 7. 1998 g y
104.0 µg/m³, womit der gesetzlich zulässige Grenzwert 
nach MIK-Verordnung von 120 µg/m³ nicht überschritten 
wurdewurde.



There are many NLG systems; y y
some are available online...

• For example, the following system is a 
simple weather report generator:

• SUMTIME
ti f th t– generation of weather reports

– http://www.csd.abdn.ac.uk/~ssripada/cgi_bin/StartSMT.html



Basic Generation ProblemBasic Generation Problem

• How to go from an abstract semantic input to 
a concrete linguistic form that isg
– semantically correct

stylistically appropriate– stylistically appropriate

– textually appropriate

???



What is NLG?What is NLG?

Natural language generation is the process of 
automatically constructing a natural language y g g g
text in order to meet specified communicative 
goalsgoals.

[McDonald 1992]

NLG is a process of choice under specified constraints



Standard Pipelined ArchitectureStandard Pipelined Architecture

Document 
Planning

Document Plan

Microplanning G

Text Specification

TA
C

TI
G

EN
ER

A

Surface 
Realisation

IC
A

L 
ATIO

NN



TACTICAL GENERATORKPML is a TACTICAL GENERATORKPML is a 

Semantic specification

Process
generation

enginep

Resources

engine

KPML lexicogrammar
semantics

lexicogrammar

sentence



TACTICAL GENERATIONTACTICAL GENERATION

Semantic specification

ti i t f

lexicogrammar

semantic interface

lexicogrammar

sentence



What is NLG?What is NLG?

NLG is a process of choice under specified 
constraintsconstraints

[M D ld][McDonald]



Resource Architecture in KPML:
system networkssystem networks

i iimperative

interrogative

indicative

interrogative

declarative

lexicogrammar



Linguistic Description with Networks of 
Systems of ChoiceSystems of Choice

imperative

indicative

interrogative
Finite^Subject

indicative

declarative
+Finite

AXES declarative
Subject^Finite

paradigmatic

AXES

paradigmatic



Linguistic Description with Networks of 
Systems of ChoiceSystems of Choice

i i

grammatical
systems

imperative

interrogative

indicative

interrogative

declarative



Linguistic Description with Networks of 
Systems of ChoiceSystems of Choice

i i
grammatical
featuresimperative

interrogative

features

indicative

interrogative

declarative



Linguistic Description with Networks of 
Systems of ChoiceSystems of Choice

i iimperative

interrogative

indicative

interrogative
Finite^Subject

declarative
+Finite

Subject^Finite



Linguistic Description with Networks of 
Systems of ChoiceSystems of Choice

i i
realization
statementsimperative

interrogative

statements

indicative

interrogative
Finite^Subject

declarative
+Finite

Subject^Finite



Generation Process:
realization statementsrealization statements

[clause]
Linear Precedence

[clause]

Finite^Subject SubjectFinite

+Finite

i ?Immediate Dominance Are you going?
[interrogative][interrogative]



Types of Realization StatementsTypes of Realization Statements

• Ordering (immediate, relative)g ( , )

• Structure building

• Lexicalization



How to  control the generation 
process…



Generation Control from an 
t lontology

‘Upper Model’‘Upper Model’
(directed-action)

‘Domain Model’
(eat)

Grammar



Relations between ontology and 
li k l d iclient knowledge representation

Linguistic
Ontology

methods for linguistic
expression

Ontology

Client
Concepts

inherited methods 
for linguistic expression



Relation between upper 
model and domain models

(1988 1990)(1988-1990)



Semantic Input: 
S t Pl L (SPL)Sentence Plan Language (SPL)

( / di t d ti l

“The robot moves to the red block”

(x / nondirected-action :lex move
:actor (r / object :lex robot)
:destination

(p / object :lex block(p j
:color-property-ascription

(c / color-quality :lex red))))(c / color quality :lex red))))
Upper model concepts Upper model relations



Example of use: semantic specifications
fconcepts and relations drawn from the upper model only

“The robot moves to the red block”

(x / nondirected-action :lex move
:actor (r / object :lex robot)( j )
:destination

(p / object :lex block(p / object :lex block
:color-property-ascription

(c / color quality :lex red))))(c / color-quality :lex red))))
Upper model concepts Upper model relations



Example of use: semantic specifications
fconcepts and relations drawn from the domain model

“The robot moves to the red block”

d i t(x / move
:actor (r / robot)

domain concepts 
subordinated to 

d l
( )

:destination 
(p / block

upper model 
concepts(p / block

:color-property-ascription 
(c / red))))(c / red))))

event has.actor (j) has.patient (b) has.time (t)



Generating SentencesGenerating Sentences

• basic event structure

• reliance on ontological knowledge

• directed/non‐directed actions

• temporal information• temporal information

• polarity

• speech acts

• textual appropriateness
– :identifiability‐q identifiable

– :empty‐number‐q empty



Paradigmatic organisationParadigmatic organisation 
is extensive 

(for large grammars around 1000 
features)

Sprach- und Literaturwissenschaften 74



Sprach- und Literaturwissenschaften 75
Screenshot from Mick 
O’Donnell’s grapher window 
showing portion of Nigel 
grammar exported from KPML



Various InvestigationsVarious Investigations 

• Multilingual linguistic description

• Stylistic variationStylistic variation

• Dialogue‐appropriate utterances

• …



start (Process) the MAKE-PLINE command (Goal)

start (Phase) execute (Process) MAKE-PLINE command (Goal)



Partial congruence of syntagmatic 
specifications (potential)specifications (potential)

(past)declarative
Subject^Finite

(past)

clause
Subject Finite
Finite / Process

interrogative
Fi i ^ S bj

ENGLISH

Finite ^ Subject
Finite ! do-verb
Finite Process

GERMAN

Finite...Process

Finite / Process



Partial congruence of paradigmatic
specifications (potential)specifications (potential)

taggedENGLISH

declarative
tagged

clause
declarative

t dclause
interrogative

untagged
interrogative



Partial congruence of paradigmatic
specifications (potential)specifications (potential)

GERMAN

declarative
clause

declarative
clause

interrogativeinterrogative



Partial congruence of paradigmatic 
specifications (potential)specifications (potential)

taggedGERMAN

declarative
tagged

declarative
ENGLISH

clause
declarative

t dcla se
declarative

clause
interrogative

untaggedclause
interrogativeinterrogative



ENGLISH GENERATION 
GRAMMAR: NIGEL

RUSSIAN
BULGARIAN

RUSSIAN

CZECH

Agile Project: late 1990s



ENGLISH GENERATION 
GRAMMAR: NIGEL

RUSSIAN
BULGARIAN

RUSSIAN

CZECH







Research&Development QuestionsResearch&Development Questions

• working out new grammars for new languages 
for generation in those languagesg g g

• extending grammars into areas not covered in 
sufficient detailsufficient detail

• using generation grammars for generating 
reports

• using generation grammars in dialogue• using generation grammars in dialogue 
systems



Short Documentation / 
Information on writing semantics 

specificationsspecifications

http://www.fb10.uni-
bremen de/anglistik/langpro/kpml/bremen.de/anglistik/langpro/kpml/

Doc/tutorial/tutorial.htm




