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e Session 1:
— basic theoretical tools of computational linguistics
— Natural Language Generation

e Session 2:
— basic theoretical tools of computational linguistics
— Natural Language Analysis

e Session 3:
— basic theoretical tools of computational linguistics
— Dialogue Systems



Accompanying Reading

Dale / Moisl / Somers (Hrgg)(2000) A handbook of natural language
processing: techniques and applications for the processing of language as text.
Dekker.

Chapters:

5. Semantic Analysis (Poesio)

7. Natural Language Generation (McDonald)

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.

Chapter:
4.5 Formal Semantics (pp118—132)
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e basic theoretical tools of computational
linguistics
— logic: introduction
— event semantics
— ontology

 Natural Language Generation
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basic computational linguistic tools for
representing semantics

— logics

— event-based semantics

— ontologies

— lambda expressions

basic computational linguistic tools for
representing information
— feature structures

— unification
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mputational model

computational implementation
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Logic and Semantics



The semiotic triangle

logic

meaning

linguistic - Object
sign 1N the world
“referent”



Logic

Predicates
* “one place” * “two place”
— door (x) — eat (x, y)
— accountant (x) — chase (x, y)
— book (x) — read (x, y)
— run (x)
Connectives

‘and’ : A ‘or’:v ‘not’: = ‘Implies’—
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Logic

e “If someone chases someone else then both

people run”

what predicates?
what connectives?
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e “If someone chases someone else then both
people run”

chase (X, y) — run (X) A run (y)

person (X) A person (y) A chase (X, y)
— run (X) A run (y)



Logic

Quantifiers
e existence: =
e forall: \v/

All men are mortal.
Socrates Is a man.
Therefore Socrates i1s mortal.



Quantifiers
e existence: =
e for all: \v/

All men are mortal.

Socrates Is a man.

Therefore Socrates
IS mortal.

Logic

e VX: man (X) > mortal (x)

e man (Socrates)

— mortal (Socrates)



Quantifiers
e existence: =
e for all: \v/

All men are mortal.

Some man Is mortal.

Logic

e Vx: man (x) > mortal (x)

e dx: man (x) A mortal (x)



Logic: Venn diagrams

mortal
things

3

not empty!

All men are mortal. Some man is mortal
Vx: man (x) — mortal (x) 3 x: man (x) A mortal (x)



Logical Scope

All men like some mountain.

higher scope

l
e Jy: mountain (y)

(Vx: man (x) - like (X, y))
lower scope/

e VX: man (X)
(Ay: mountain (y) — like (X, y))
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LOZIC: Capturing ampiguity

Every person in this room speaks two
languages.

Two languages are spoken by everyone in
this room.

nat predicates?
nat connectives?
nat quantifiers?

= ==



Logic: Venn diagrams

Socrates Is a man.
man (Socrates)

{
h@l’e fO['e

Socrates Is mortal
mortal (Socrates)

All men are mortal.
Vx: 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...
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Linguistic Semantics is not just
logic though...

e Typically bundled into ‘frames’

John kicked the ball on Tuesday

* Frame semantics (Fillmore)
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Charles Fillmore: ‘case grammar’

John kicked the ball on Tuesday
kick (j,b,t)

e 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 here...
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e.g, FrameNet
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Charles Fillmore: ‘case grammar’

John kicked the ball on Tuesday

@ event (e) A actor (e, tient (e, b) A time (e, t)

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

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

Person M
vhasChild.(Doctor U
JhasChild.Doctor)

person A has.Child (j)
J: doctor V has.Child (b)
b: doctor




WordNet organisation

{conveyance; transport}

+ hyperonym

{venhicle}

+ hvperonym

{motor vehicle; automotive vehicle}

‘hinge: flexible joint!}
{bumper} el ] s

meronym

{doorlock}
meronym

{car door}

meronym
hyperonym

{car window }

{car; auto; automobile; machine; motorcar} {armrest}

meronym i e e A
{car murror}

hyperonym  hyperonym

{cruiser; squad car; patrol car; police car; prowl car} {cab; taxi; hack; taxicab; }
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e basic computational linguistic tools for

representing semantics / o generation

— logic . -
— event-based semantics ? analySIS

— ontologies

— lambda expressions

e basic computational linguistic tools for
representing information
— feature structures

computational model

— unification

computational implementation



Language Processing Tasks

Meaning

Natural Language
Understanding

Natural Language
Generation

Text

Text

Speech
Recognition

Speech
Synthesis

Speech

Speech




Language Processing Tasks

Meaning

Natural Language
Understanding

Natural Language
Generation

Text

Speech
Recognition

Text

Speech
Synthesis

Speech

Speech




Early System: FoG

Function:

— Produces textual weather reports in English and French
Input:

— Graphical/numerical weather depiction
User:

— Environment Canada (Canadian Weather Service)
Developer:

— CoGenTex
Status:

— Fielded, in operational use 1992 onwards



FOG: Input

«atus Products View Functions Group

-12|-08| 00 |06 12|1B 24 |30 |36 4 1995/04/07 867

Group
Surface Fields

Help

Field

Wind

’g O I Sample

Lpdate
Ay

AE JQ Cancel
Undo
Clear

/
S
’

FElpudahEerads I

Show Yalue

M,

| Enter Delete

Memory




FoG: Output

THE ME~T SCHEDULED FORECAST WILL BE ISSUED AT A5.88 AM MOT.
WINOS ARE IW KMWOTS.

FOG IMPLIES WISIBILITY LE3S THAM 5/8 NM.

MIST IMPLIES WISIBILITY 548 TO B HNM.

GREAT SLAWE LAKE.

WINOS LIGHT TONIGHT AMO SUMDRY. SMOW EMOING NEAR MIDMIGHT. VISIBILITIES
MERR 2 M+ IM SMOW.

OUTLOOK FOR MOMORY... LIGHT WIMOS.

GREAT BEARR LAKE.

FREEZING SPRAY WARMING IS5UED.

WINDS ERST 28 TO 25 TOMIGHT AWD SUMOAY. FREEZING SPRAY.
OUTLOOK FOR MOMDOARY... WINDS ERSTERLY 28 TO 25.

MACKENZIE RIYER FROM MILE B TO MILE 1HH.

WINOS LIGHT TONIGHT AMO SUNDRY. SMOW ENOING THIS EVEMIMG. WISIBILITIES
MERR 2 M+ IM SMOW.

OUTLOOK FOR MOMORY... LIGHT WIMOS.

MACKENZIE RIYER FROM MILE 188 TO MILE 3HH.

WINOS LIGHT STREMGTHEMIMG TO SOUTHEAST 15 SUNDAY AFTERMOOM. SMOW EWNDIMG
ERRELY THIS EVEMIMG. YISIBILITIES MEAR & MM IMN SMOW.

OUTLOOK FOR MOMOARY... WINDS SOUTHERSTERLY 15.

Forecasts

-Marine—-—
* ARWC **
FPCH21
FPCMNZ22774
FPCHN23f75
FPCHN24f76
FPCHN25f77
UL 22/83
—Public——
FPCHM15

il

Setbiement Frioridy .

1.

Set Active Areas ...

Source

~+ Working VYersion
<~ Official Release

“* Forecast Rollup

Language
-~ English
“*~ French

Generate Update Release




Example System: TEMSIS

Function:
— Summarises pollutant information for environmental officials

Input:

— Environmental data + a specific query

User:
— Regional environmental agencies in France and Germany

Developer:
— DFKI GmbH

Status:

— Prototype developed; requirements for fielded system being
analysed



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

ator Hilfe

2 = b &k ] N
Anfang Suchen Guide Druclken  Sicherheit = ()]
dI’ESSE |http Fheeiee clfkl. defservice/nlg-demo/ v| @'Verwandte Ohjek
[ Mix [E BEBC Online-Ra & TextEncoding | [B Altavista-Sea [E Amazon.com Than

| »

Language: English
Your readquest can now be further specifled on Pollutant: Sulfur dioxdde
tha rilght.

Measuring station: Zaarbruecken-City

Report Type: |iverage j
Guideline: (® Germany

Please note that the light gray areas of the form are not active.

If you require explanations for individual settings, please click on the " France
link concerned in the menu to the left. Season: [ | Sunmor

(" Winter
To generate a report click on the button " Generate Report" when ® Ho Season
you are ready. Year: [z000

Enter month ?: (8 ¥es! enter month

Would you llke to try agaln? !
You can retrieve the form on the right by clicking on the back button Month: |Feprusry -
iIl}’OllI' bl’OWSEI'. Enter day ?: (% Yes! enter day

" Ha!

Day: Il

Options: I7 Confirm pollutant

I_ Confirm measuring station

Generate Report '—

=
| H% & oP & 2|
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e Le 21/7/71998 a la station de mesure de Volklingen -
City, la valeur moyenne maximale d"une demi-heure
(Halbstundenmittelwert) pour 1"ozone atteignait 104.0
ug/m3. Par consequent, selon le decret MIK (MIK-
Verordnung), la valeur limite autorisée de 120 pg/m3
n"a pas éeté dépassee.

1S: Output Summary

e Der hochste Halbstundenmittelwert fur Ozon an der
MeRstation VOlklingen -City erreichte am 21. 7. 1998
104.0 pug/m3, womit der gesetzlich zulassige Grenzwert
nach MIK-Verordnung von 120 pg/m3 nicht Uberschritten
wurde.



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

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

« SUMTIME
— generation of weather reports
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* How to go from an abstract semantic input to
a concrete linguistic form that is
— semantically correct
— stylistically appropriate
— textually appropriate
277
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Natural language generation is the process of
automatically constructing a natural language
text in order to meet specified communicative

goals.
[McDonald 1992]

NLG is a process of choice under specified constraints



| Pipeline

Document
Planning

Document Plan

Microplanning

Text Specification

Surface
Realisation
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semantic interface

senhtence
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NLG is a process of choice under specified
constraints

[McDonald]



Resource Architecture in KPML:
system networks

— Imperative

— Interrogative

- indicative———

- declarative

lexicogrammar




Linguistic Description with Networks of
Systems of Choice

— Imperative

— interrogative
FiniteSubject

_ indicative———
+Finite

AXES — declarative
é SubjectFinite
paradigmaiic



Linguistic Description with Networks of
Systems of Choice

grammatical
systems

Interrogative

declarative



Linguistic Description with Networks of
Systems of Choice

_____________ grammatical

5 e features \
imperative T \
// |

4 /
[ /
/i<_interrogative o

~ -

C indicativ //
declarative




Linguistic Description with Networks of
Systems of Choice

— Imperative
— interrogative
Finite"Subject
L indicative———
+Finite
L declarative

SubjectFinite




Linguistic Description with Networks of

Systems of Choice

- declarative

realization
. . _-=="77"/ statements
— imperative 7 ( \
/// \\\ \\
/ ] ] N “
' — interrogative ) |
| . . .
| Finite"Subject |
. . . |
indicativ 4

SubjectFinite




Generation Process:
realization statements

_ [clause]

Linear Precedence /\
Finite*Subject Finite Subj ect
+Finite

Are you

[interrogative]






How to control the generation
process...



Generation Control from an
ontology

‘Upper Model’
(directed-action)

|

‘Domain Moddl’

(eat)

Grammar




Relations between ontology and
client knowledge representation

methods for linguistic

Linguistic expression

/
Ontology

iInherited methods
A/ for linguistic expression




UPPER MODLL

. THING

Relation between upper
model and domain models

RELATIONAL—PRGCESS \MATEREAL —PROCESS

(1988-1990)

g o pouamonis



Semantic Input:
Sentence Plan Language (SPL)

“The robot moves to the red block”

(x / nondirected-action :lex move
.actor (r / object :lex robot)
:destination
(p / object :lex block
.color-property-ascription
(c / color-quality :lex red))))

Upper model concepts Upper model relations




Example of use: semantic specifications

concepts 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)
.destination
(p / object :lex block
.color-property-ascription
(c / color-quality :lex red))))

Upper model concepts Upper model relations




Example of use: semantic specifications

concepts and relations drawn from the domain model

“The robot moves to the red block”

domain concepts
subordinated to
upper model
concepts

event A has.actor (j) A has.patient (b) A has.time (t)
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basic event structure

reliance on ontological knowledge
directed/non-directed actions
temporal information

polarity

speech acts

textual appropriateness
— :identifiability-q identifiable
— :empty-number-gq empty
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Depth: |5 ~ | zoom: 10% | |Find... || Find Again | | Save 10

\ Paradigmatic organisation

IS extensive
(for large grammars around 1000
features)

Wt

Sprach- und Literaturwissenschaften



Screenshot f
O’Donnell’s ¢
showing porti
grammar exp

!

om Mick

rapher window
on of Nigel

orted from KPML

i Depth: 5 | Zoom: |;1I]I]% * | | Find... | | Find Again | | Save | | Save As... | | Print
' [inserf ELAECRATION |
si011
{insert BXTENSION |
CEerrent
_ o~
~ independent-clause i
e
~ dependent-clause
DEPENDEHCE

-

SHIFT
L ranlcshifted-clause i FINTTENES

nonfinite-clause
| insert NONFINITIVE |

tnood-real

TE

L nonfinite-ranicshift

|inflectify NONFINITIVE INGPARTI
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|— mood-prospective
ivflectify NONFINITIVE STEM
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fexify TO-INFINITIVE T
arcder TOWIMFINITIVE MONFINITTE




\/~
vd

°
‘g 11
|

Vo v
1V 11

IVE g

S

Multilingual linguistic description
Stylistic variation
Dialogue-appropriate utterances

5



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

by choosing Polyline from the Polyline flyout on toolbar
clause
Sub Process | Goal, Location
Thing | MProc Minirange
Deictic [ Class. | Thing
@
\ yd
xuanze hultu gongjubang shang  duok ublac Zhong de dizbianxing
select draw toolbar on _~ polyline flyout in of polyline
/ clause
Process = Goal
Qualifier (of flyout) Qualifier (of polyline) Q- Thing,
% marker
Minirange Mproc Minirange MProc

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




Partial congruence of syntagmatic
specifications (potential)

declarative (pas)

SubjectFinite
Clause Finite/ Process

Interrogative

Finite Sub'| ect

Finite/ Process GERMAN




Partial congruence of paradigmatic
specifications (potential)

ENGLISH tagged
declarative
rlarica

Interrogative



Partial congruence of paradigmatic
specifications (potential)

GERMAN

declarative

O
QD
C

Interrogative



Partial congruence of paradigmatic
specifications (potential)

GERMAN tagged
ENGLISH | ‘
RS AR

Clal l;n {
ITHESFRSHYE

untagged



Teme of generation - 132904

+ Kparen uncrpyeyan
« UYeprame sa nirsna

17102000 mmwswgum

a o stylss: Pacsonal Tdtjpl;i}rlﬂuwl 1 FoFi
+ Teann wecrpyaumn
® CSEPTAH® HAa NHEHA HMH" “HCprK"H"

| PR =
AVPIAant Ha JHHNH

o Om huRRp TOWKE HA NHHUATA, # fedunupaitre
¥pallHaTa ToUKA HA ARHBATA

Kparkn Hncrpykuun

‘iep’raﬂe Ha JIHHHA

HAedunnpaiite HavanHaTa To9KA HA THEEATA

Tedmuupafite vpafinata Toua #a Tunnata

i

Agile Project: late 1990s







) Generation Bank - Mozilla Firefox

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe
6 - c O I'\r_@--i-http:,’fwww.ﬁ:nlD.uni-bremen.defanglistik,’langproﬂ(pmIfgenbank,’generation-bank.html || - i..vil ulule| = ,
(8] Meistbesuchte Seiten ZN ZFN-Network-Status 38 SULB AV Altavista e The Internet Movie Dat... &8 Dictionary / Wirterbuch
Google | V| |Gl suche - <|>@ Ef - P - ¥% Lesezeichen- T80k - %% Rechischreibpriifung .| 31 Ubersetzen -|[s Senden an- A @ Einstellungen-
e — 1) AVVD AANTEPS (AN AlDers) £/KOTUGTUHNKE 1 AVVD AANTEPS (AN AIDers ) £/ KOTUGTaHKE AALBERSL P
BREMEN JLOVLLE GE TV ALLEPLI) TO YAl EVLOKOGL LAVLILE GE TV ANEpuia To yie svieko o
TPLOVTO=TPLO TPLOVTO-TPLO
 finni Albers settled in the TISA in 15933
o Mngpeve (Belwens) ormovéocs [no realization o Mmgpeve (Belrens) ormovdoce [no realization BEHRENS3
) (DEICTIC)] waric téyves o T Kephopoin (DEICTIC)] werés téyves as tv Kephapoin
KPML home page (Karlsruhe) ke to Ntocosiviopg (Duesseldorf).  |(Karlsruhe) wen to Ntvooeiviopg (Duesseldorf)
o Mrépeve (Behrens) yevvijbnke o to Apfodvpyo |0 Magpevg (Belrens) vevwiibnie 62 to Appovpyo to  BEHRENSIA
TO YA 0y TEROGLY ECNVTL 0y T, Ko 0 Mugpevg yilo oyTokoou sENVTo oy o, kol o Mrgpeve
(Belrens) mefoave as to Bepokivo To yihie (Belrens) meBuve oe to Bepokivo To yiiie svioko oo
Bulgarian EVLOKOGLY GUPOVT GUPOVTO
Thinese (Behrens was bom in Harnburg in 1268 and died in Berlin in 1940.)
Crech o Mrépsve (Behrens) 6mog o As Koppmovis (Le |0 Magpsvg (Behrens) émag o As Koppmovnlie (Le  [BIOI
Duitch Corbusier) dpyios v smoypysiponin kepepo oo (Corbusier) dpyucs Ty oy yeALe TR Koplepe Too
English GuV EVIS LoYpagog GUV £VUS LOYPagog
French (Behrens started his professional career as a painter like Le Cofbusier.) B
Ge rma o Mnépevs (Belrens) n1ov upyitéktoves o Mmrépeve (Behrens) NTov apyitéktovag BIO2
Sreek (Behrens was an architect.)
Japanese o Mrépevs (Behrens) 1ty éveg Sutonpog o Mnrgpevg (Behrens) fjtov évog Sudanpog BIOS3
Ryssian UPYITERTOVEG UPYLITERTOVES
Sgan;'sh (Behrens was a faraous architect.)
) Avve Alpmeps (Anni Albers) dmoc o As 1N Avve Adpmeps (Anm Albers) dmoc o As BIOIB
Generation Bank Foppmovnlis (Le Corbusier) dpypoe v Koppmon&é (Le Corbusier) dpyoe v
EMCPYELIUTIRT) KEPLEPL TS GOV EVag Corypagog EMOPYELILUTUR KUPLEPL TS GOV EVIG CO7pagog
(& Thers started her professional career as a painter like Le Corbusier )
oev Ppéyal dcv Ppéya BREXEI1L
(Tt iz not raiming Tt doesw't rain)
Bpéza [ [BREXEI2 v
Fertig




Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe ~1

6 - G [ @ Rt Awewew. fo10.uni-bremen, defanglistikdangproAprml fgenbank fgener ation-hank bt 7 - | |[Cl- ye

[8] Meisthesuchte Seiten ZN ZFN-Network-Status S8 SUUR 7V Altavista wes The Internet Movie Dat... @ Dictionary / \Wirterbuch

Google v| [Clsuche - & & - M - ¥% Lesezeichen- T2F% - % pechischreibprifung -| 2 [ Ubersetzen ||3 Senden an- > © Einstellungen-

BREMEN PRIMER-1E

ERHS) |(—@) A7) (T )

‘1111041<e4si1 hao4 [yi1zhi2 ‘hanglxingl xiadqud
KPML home . - . — = .
aoe ‘KHO.\‘ ‘fong—(hrmfmz aspect marker |sail ‘co;;fmue-fojnrure aspect marker
The Enoax is keeping sailing.
(EXAMELE
: : NAME PRIMER-1E
e : GENERATEDE ORM TEESE —E i FE. 7
Chinese P GLOSS { :ENGLISH "The EKnox iz keeping =ailing.")
Crach : TARGETFORM "nucdked=il haod vidzhiZ hangZxing? =iadqu4."”
: LOGTCALFORM
Dritch (E / HANGZXINGZ
English {ASPECT-TYPE-Q WITH-ASPECT-MARKER
French tWITH-ASPECT-MARKER-TYPE-Q IMPERFECTIVE
: IMPERFECTIVE- PRIMARY-TYEE-Q CONTINUE-TO-FUTURE
German : SECONDARY-Q SECONDARY
Greek PACTOR
Japanese (8 / SHIE
JOpanese {NAME KNOX )
Frissian j
Spanish : SET-MNAME | penman-primer|
J
Generation Bank
Structure:

Function Structure:
[SENTENCE]
[TOPTCAL#1/MEDIUM#1,/ SUEJECT#1]

[THING#2].. = "BmIHS -
[SECONDARY-MARKER1#1].. = "—EH "
[VOICE#1/LEXVERE#1/PROCESS#1].. = "M4T
[PRIMARY-MARKERZ#1].. = "F& . "

Retwrn to indsx.

Fertig
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e working out new grammars for new languages
for generation in those languages

* extending grammars into areas not covered in
sufficient detalil

e using generation grammars for generating
reports

e using generation grammars in dialogue
systems



Short Documentation /
Information on writing semantics
specifications

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






