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Human Language Technology

~ = HumanrLanguage: T'echnology L1 — covers

e The design and iImplementation of algorithms, data and
electronic devices for processing of natural language (text

and speech), and
— Their integration-into real-world-applications and product

| anguage Technology defines the engineering part of

compurammaHW




LT-methods cover many: areas
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System

Information
Extraction
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n Multi/cross-linguality is of great importance in all these areas! -




LT as embedaed part of
applications
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Language Trechnology.

I ') =1 [o) o = —

> Core technology » Named Entity-Recognition:
—+ FEfficientdatastructures - PoS/Sem-Tagging————

» \Weighted finite state automata * Controlled Languages
e Machine learning * |ntegration of shallow & dee

N /{ 4

NLP (,,text zooming*
Reference-reselutien
NL-oriented ontologies

A — =/

]
o Statistical iInference )

» Already a successiul technology: transfer

* [ndustry (Microsoft, IBM, Siemens, Telekom, ...) & Spin-offs,
COmpetence centers, ...

| s Speech-systems, MT, Editors, Text-Mining, Knowledge-Mining
-~ Content-Management; ...

- Newest Technology Hype: the Semantic \Weh
» \What role does it play for LT?




The Semantic Web (S\W)

~ = Tim Berners-Lee, 1998: | 'l ' 4 '
» “This documentisaplanfor | 8 -
. .

achieving a set of connected -
applications for data en-the

~— Webinsuchawayastoforma
consistent logical web of data

-~ (semantic web).”

-

»— im Berners-Lee et al., 2001

e “ . an extension of the current

web infwhichrinformation is

given well-defined-meaning,

- peoeple to work in cooperation.”
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T ~«xys tr 2 2 oax JTTTITTL ]
SW — illustrated ension of the Currer

1d meta-data ill further eme o that c
nt on-line, er help |

. {
to organize, S ind exchang rmation.

e mearing o meta

A-exi ofFme

Person is-a human
Person has name
Person has Email-adress

Intelligent information search;
sAutomatic support for the management of my person
information on the SW
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RDE and OWL: Modeling| data on the SW

1| RDF: Resource Description Framework

2I XML & N3 sind alternative RDF-Synt:

RDF IS language 1or the representation of meta-data over

web resources.
RDF-statements are triples of the form

XML schematically: <Subj> <Pred> Obj </Pred> </Subj>

N2=

it A ¥ org 1 99WD/22 -rdfl /Sy ntax -NsEtype:

e “htwreen w3 orgf 200001 Ofsweapd pimfcontactfmail box
Ny
main emEwd ong

|
| o iheracw w3 org/20004 10iSwapimEmiconacEpersonalTitke
-

D

4

N

@prefix rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns# .
@prefix contact: http://www.w3.0rg/2000/10/swap/pim/contact# .

@prefix EM: http://www w3 org/People/EM/contact#

VI:me rar:type ontacl:person

A ANt~ At N A AN AT Ll I

VI. OfntaCtl.persoria c U

EM:me contact:mailbox rdf:resoure “mailto:em@w3. of

3| OWL: Web Ontology Language

B-Thing

esome RDF-statements

co ~____have afixinterpretation (is
Employee ==

a, =, inverseOf, card, ...)
/N

Standardization, WWeb-globalization,

<

distribution of resources

r'd NA/ *Sharing of information

Manager Expert between individuals from

/\ : Anabst multiple documents [
5] Ontology Mapping- ol

heterogeneous sources
«Semantic of OWL as basis

Mapplng between

for inference mechanism

a
WAY, UAALC U U

ontologles
7/2004, GN




TThe SW-pyramid

major efforts




Relayansa of LT for S\W

Intelligent Intelligent
L Information Information

| ' W 1 Extraction
[]

/ﬂ\?&/g\[/\\/ i
|

: | change knowledge via NL documents:
Semantically annotated documents as
man-SW interface 4| NL-generation of information in form of
NL-Text, e.g., heterogeneous resources,
dynamically created reports, newsF\%ers,

'\ \ha
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tokenization

:{ o

ManagementSuccession

Personin:

PersonOut:

Position:

Organisation:

Timeln:
TimeOut:

My
Uy

E[W‘
%LexikoSyn—Pattern%
Merging-Regeln —

ManagementSuccession

1) e
i

Iy

T

\‘l \\\‘ .

Personlin: Klinger
PersonOut:  Wirth
| Dr. Hermann Wirth, bisheriger Leiter der Musikhochschule Position: el
Miinchen, verabschiedete sich heute aus dem Amt. Der Organisation: Musikhochschule
65jahrige tritt seinen wohlverdienten Ruhestand an. Als seine Miinchen
Nachfolgerin wurde Sabine Klinger benannt. Ebenfalls neu Timeln:
besetzt wurde die Stelle des Musikdirektors. Annelie Hafner ein: —
folgt Christian Meindl nach. TimeOut: 3.4.2002




* n-ary relations/events

» Machine learning!

A4
|E as core for semantic annotation
«identification
e discovery
 validation
e evaluation

automatic creation of rﬁeta data




™

/

/
NS LT asbasis of
\V » concept identification

* determination of plausible
{ <t1, rel?, t2>} structural relation candidates

<NP, VG, NP> <
<NE, ?, NP>
<NE, of PP, NE>




Example for entities & thelr
MENtIeNS

AP < nas filed a complaint
accusing

agains
of responsibility for Arest and torture ir 'n 1973,
said Tuesday.

of depriving of personal liberty and causing
arrest and torture.

ACCUSEC:
bodily harm during
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LT-challenges

antification:of- verbalizations/mentioning: of

epts/instances

-~ Linking of domain ontology and NL-eriented ontology

(e.g., WordNet)

= Paraphrasing

o Metonymy (“Peking orgainzes the Olympic Games

2008.”)

» Reference Identification (“Chancellor Schroder,

-~ Schroder, the German chancellor, he, ...n)

s Analysis of sublant

Uagd

jles as basis for adaptive |E (cf.

Grishman, 2001)




Domain modeling in' DEKT system SMES 1S
iealised using typed feature structures

_t_ Domain-modeling via hierarchy oftemplates. = The interface between domain_knowledge an
(black box), using the formalism TDL, which'is linguistic entities is specified Via linking|t
—_____also used to model hierarchies of linguistic — (green box), which represent a cl o

objects ( yellow boxes). between concepts of the different laye r
which-are-accessible via the-domain | J
(brown & green box). Template-filling IEL&
realized via type expans

|




NL-annotations for the S\W

. . o= . o= = . T-expression
Starting pomnt: STAR T multi-media OA system, by Boris Katz et al <subject rglation object>

'-
= hased

ok, "
e i 2. NL-annotations fg

q <P - ‘j fa) Y a hittp: {jwww a1 mit edu fprajects infolabjindex. htmi N — E - E
information segy

Java+5W [ OCami [ Lisp [ E [GGoogle W LEO English/German .. | | CiteSeer | | MyORKI || MLP-Competibions | | Saarbshn | | Wikipedia | | DaFroDL BIL

TART Bill surprised Hillgry with his answer

Natural Language Question Answering System <<B|” Surprise Hi”ary> Wlth
answer>

START. the world's first Web-based question answering system, has been on-kne and contimously operating since December. 1993 It < an SWe r re I a_te d —to B I I I >
has been developed by Bons Katz and his associates of the InfoLab Group at the MIT Computer Science and Artificial Intelkgence

Laboratory. Unlike mformation retrieval systems (e.g., search engmes). START amns to supply users with "just the right mformation,”

instead of merely providing a kst of hits. Currently, the system can answer milkons of English questions about places (e g, cities, countries,

gl oy o, s s ch e, B it of e o e gy START I s, i Processing of huge text collections:
S T T AR R G A S 1. Extraction of relevant sentences from texts.
Geography Science and Reference 2 SyntaX analyS|S
* What South-American country has the largest population? o What is Jupiter's atmosphere made of? 3 . An notatlon Of the teXtS Wlth Syntax

+ What's the largest city m Flonda? * Who first discovered radiocarbon dating?

+ (ive me the states that border Colorado. ¢ How far is Neptune from the sun?

+ What cities are within 200 miles of Rome? * Why is the sky blue?

+ How many people live m Israel? ¢ What planet has the smallest surface area?

+ Show me a map of Denmark # How many feet are there m a kilometer? ‘

+ Which is desper. the Baltic Sea or the North Sea? + Convert 100 dollars into Euros. N L_Q u eStI O n

+ How far is Mount Kikmanjaro from Mount Everest? * Show me a metro map of Moscow.

* Lstsome g e Ao * How aan ot s pokrn o A Whose answer surprised Hillary? S
R — <O'SVVET SUrPrise Hillary> —

A <answer related-to whom> L]




IHaystack: the universal
Information client

itp://haystack.lcs.mit.edu/

g Motivation




Naturat aAnouaoce schemdg
Sy = S Sy

@prefix dc: http:77purl.org/dc/elements/1.1/ @prefix nl: http://www.ai.mit.edu/projects/infolab/start#
@prefix : http://www.50states.com/data :
Add{ :stateAttribute
{ :State rdf:type nl:NaturalLanguageSchema ;
rdf:type  rdfs:Class: nl:annotation @( :attribute ,,0f* :state) ;
rdfslabel _State® nl:code :stateAttributeCode
¥
% T3l Add{ :attribute
rdf:type rdf:Property : rdf:type. nl:Parameter ;
rdfs:label ,State bird" ; nl:domain —rdf:Property ;
rdfs:domain :State nl:descrProp rdf:label ;
} I }
{ -alabama Add{ State
rdf:type :State : ||| rdf:type. :Parameter ;
dc:title ,,Alabama“ nl:domain  :State
:bird ,,Yellowhammer* ; I= nl:descrProp dc:title;
-flower ,,Camellia“ ; E—
:population ,,4447100 ;
Method
3 :stateAttributeCode : state=state :attribute=attribute
‘ return (ask {state attribute ?x })

e III-II-III-II
= b = S




Example:
Linking ofi t-expressions & RIDE

@prefix nl: http://www.ai.mit.edu/projects/infol ab/start#

Add{ :Person
rdf:type rdfs.Class;

}

Add{ :homeAddress
rdf:type rdf:Property ;
rdfs.domain :Person; are po
grammatical function

* Richer lingquistic annotations

nl:annotation @(nl:subj ,,lives at* nl.obj) ;
nl:annotation @(nl:subj ,,‘s home adress is* nl:obj) ;
nl:annotation @(nl:subj ,,‘s apartment* nl.obj) ;

nl:generation @(nl:subj ,,‘s home address is*“ nl:obj) ;




Natural language annotations for
the SW

~» NL Used as meta-data
Readability of RDF
s Supports transition from WWW ter SW
» NIl -annotation-specifies which kind-of (NL)-guestion-a meta-

data is able to.answer
—— [] controlled question-answering system

- |nformation-aceess-(1A)-within-SW.

» Development of programs, which help a user to locate, to
collect, to compare and to link information

« NL is the most natural way for user to perform |A
» S\WW-should suppert in-the-same way-1A using specialized

~ languages/exchange formats & NL
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Relevance

» Approachiis open: for futtire extensions:

-+ statistical-based models (add weight to the NL-—
- annetatiens)

- Machine Learning; of NL.-annoetations en basis fo
ontelegy-eriented IE (cf. Hovy et al. 2002)

~ s Jhe current mechanism of NI.-annotations IS

- |diesyncratic, however at DEKI'we plan the
following:

o Exploration of a linking mechanism between
— dependency structure- and RDF/OWL

* Foundation for novel template-based QA-
strategies




Example for the processing of complex guestions

> Approach:
> Select templates via Q-Type & Q-
Focus:
> Definition question, list-question

> Person: born-where, born-when,
business-what [1 Ontology

Pro property P, select IR-Schema:
> NL-based query-pattern
P might be:

> From the set of known NE-types
(person, location, date, ...)
[1 answer-type

> NL-Phrase, which “describes” P, Iin
case no a-type can be determined
> Compute for each P fur jede P
one/several IR-Query-terms, e.g.,

> NE-type:person & text:<query
term>

7/2004, GN

Wer ist Thomas Mann?“

"(neTypes:LOCATION AND +geboren
(text:\"Thomas Mann\




[E-based guestion answerng

- * Approach can also be used for template-based
guestions:
— »* lett O T, set of templates, which are known to the system — via

IE-Ontology — e.g., “"management-sucession-Template”

» for all properties E of t, combine E with NL-schema

-~ E.g.,“Person-In” [I (<PERS>"Is_successor_of” <PERS>)

~ = Answering of complex guestions

 As composition of the answering of — relative to the conceptual

o Implementation of this approach as part of the DFKI project

— Quetal (prototype as part of DEKI's ga@clei-2004 system)

» Interactive online IE through close integration of IE & IA

7/2004, GN




Concluding remarks

o LT Is a key technology for the construction of the

Semantic WWeb

— Very high requirements on

* Perfor

o Modularity & integration

o scalability & eon-demand availability

» Domain & user adaptation

 Systematic evaluation of LT-methods

* Driving power & revisions of futuer developments

o |n the future, cognitive-based methods will be

~— considered

o as Inspiration for more effectiv L T-method




