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OverviewOverview

•• Hybrid Question AnsweringHybrid Question Answering

•• Language Technology and the Language Technology and the 
Semantic WebSemantic Web
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Motivation: Motivation: From Search From Search 
Engines Engines to to Answer EnginesAnswer Engines
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•• Input: a question in NL; a set of text and Input: a question in NL; a set of text and 
database resourcesdatabase resources

•• Output: a set of possible answers drawn Output: a set of possible answers drawn 
from the resourcesfrom the resources
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Hybrid QA Hybrid QA ArchitectureArchitecture
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Design Design IssuesIssues
•• Foster Foster bottombottom--up system up system developmentdevelopment

•• DataData--driven, robustness, scalabilitydriven, robustness, scalability
•• From shallow & deep NLPFrom shallow & deep NLP

•• LargeLarge--scale answer processingscale answer processing
•• CoarseCoarse--grained uniform representation of grained uniform representation of 

query/documents query/documents 
•• Text zoomingText zooming

•• From paragraphs to sentences to phrasesFrom paragraphs to sentences to phrases

•• Ranking scheme for answer selectionRanking scheme for answer selection

•• Common basis forCommon basis for
•• Online Web pages Online Web pages 
•• Large textual sourcesLarge textual sources
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BiQueBiQue: A Cross: A Cross--Language Language 
QuestionQuestion--Answering Answering System System 
((cfcf. Neumann&. Neumann&SacaleanuSacaleanu, 2003), 2003)

•• GoalGoal::
•• Given a question in German, find answers in Given a question in German, find answers in 

English text corporaEnglish text corpora

•• SubSub--taskstasks
•• Integration of existing componentsIntegration of existing components

•• IRIR--engines, our IEengines, our IE--core engine, core engine, EuroWordNetEuroWordNet

•• Development of methods/components forDevelopment of methods/components for
•• Question translation & expansionQuestion translation & expansion
•• Unsupervised NE recognitionUnsupervised NE recognition

•• Participation at QAParticipation at QA--track at Clef track at Clef ––2003/20042003/2004
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Major control flow of BiQue
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Query Query TranslationTranslation & & ExpansionExpansion
•• First First ideaidea::

•• Only use  Only use  
EuroWordNetEuroWordNet

•• DefinesDefines a a wordword--based based 
translation via synset translation via synset 
offsetsoffsets

•• ExperienceExperience
•• EuroWordNet too EuroWordNet too 

sparsesparse on German on German 
sideside

•• Neverless introduced Neverless introduced 
too much ambiguitytoo much ambiguity

•• NENE--translation is translation is 
crucialcrucial

•• So far, So far, not very muchnot very much
of of helphelp

•• Second Second ideaidea::
•• Use EuroWordNetUse EuroWordNet
•• Use Use externalexternal MTMT--servicesservices
•• OverlapOverlap--mechanism for query mechanism for query 

expansionexpansion

•• Crosslingual Crosslingual becausebecause
•• QQ--typetype & A& A--type fromtype from DEDE--

QuestionQuestion AnalysisAnalysis
•• Synsets from EuroWN direct Synsets from EuroWN direct 

query expansionquery expansion ((online online 
alignmentalignment))

•• ExperienceExperience
•• ExternalExternal MT MT servicesservices also also used used 

forfor WordWord--SenseSense--DisambiguationDisambiguation
WSDWSD

•• Reduced degreeReduced degree of of ambiguityambiguity
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Example Example ((cfcf. Neumann&. Neumann&SacaleanuSacaleanu, 2003), 2003)
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What we learned What we learned ......
•• Different MT Different MT services can help each otherservices can help each other

•• Logos suitable for ENLogos suitable for EN--query parsingquery parsing
•• Necessary to determine ANecessary to determine A--type, Qtype, Q--focus on EN sidefocus on EN side

•• SystranSystran//FreeTranslation FreeTranslation better in NEbetter in NE--translationtranslation
•• Problem: MTProblem: MT--services often computeservices often compute

•• IllIll--formed strings: bad for query parsingformed strings: bad for query parsing
•• “partial” translation (mixed strings): problem for “partial” translation (mixed strings): problem for 

IR/paragraph selectionIR/paragraph selection
•• Our envisaged approachOur envisaged approach

•• Use DEUse DE--query analysis as control object for determining EN query analysis as control object for determining EN 
query objectquery object

•• Prefer DEPrefer DE--determined EAT, NE, Qdetermined EAT, NE, Q--focusfocus
•• Further decrease role of external MT services; only used for Further decrease role of external MT services; only used for 

WSDWSD
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Even Even more more to to learn learn ......

•• OffOff--line Annotation of corpus would help line Annotation of corpus would help 
defining more controlled IRdefining more controlled IR

•• Query/Answer processingQuery/Answer processing
•• Question analysis as “deep” as possibleQuestion analysis as “deep” as possible
•• Question classification as basis for answer Question classification as basis for answer 

strategy selectionstrategy selection
•• Answer strategies for definition/listAnswer strategies for definition/list--based based 

questionsquestions

•• Had led to substantial improvements of Had led to substantial improvements of 
our Clefour Clef--2003 system for Clef2003 system for Clef--20042004
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Hybrid Hybrid ArchitectureArchitecture
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NE-DB
Abbrev

DB
Corpus
XML

Corpus
Ascii

WWW

Q-objects

Q-Abbrev
Handler DDS

Q-NE
Handler

GoogleQA

A-Candidates

A-Validation

Answer

QA-Plans



 2004 G. Neumann

DFKI‘s DFKI‘s ClefClef--system system BiQueBiQue--
2004 2004 ((cfcf. Neumann&. Neumann&SacalenuSacalenu, 2004), 2004)

1/

4XHU\
Query Analysis
•Q-type
•A-type, Q-focus

IR-description
•*HQHUDWHG Wordforms
•NE-types
•Feature description

Robust Query Interpretation

GetData
query planner

*HW'DWD

4XHU\

,5�

GHVFULSWLRQ

Annotated Corpus

GetData
answer merger

IR-decsription negotiator
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Robust Interpretation of NL Robust Interpretation of NL 
Queries Queries in in BiQueBiQue--20042004

•• German German syntaxsyntax (SMES):(SMES):
•• Topological parsingTopological parsing
•• Local Local SubgrammarsSubgrammars for for WhWh--phrasesphrases

•• ReRe--representationrepresentation
•• Distributed Representation for Dependency StructureDistributed Representation for Dependency Structure

•• Query analysisQuery analysis
•• Major informationMajor information

•• QQ--type (description/definition/…)type (description/definition/…)
•• AA--type (Person/Location/…)type (Person/Location/…)
•• Scope (further constraints for AScope (further constraints for A--type)type)

•• QQ--type determination using type determination using WhWh--meta termsmeta terms
•• “What “What typetype of bridge is the Golden Gate Bridge?”of bridge is the Golden Gate Bridge?”

•• CorpusCorpus--driven approach for driven approach for WhWh--domain termsdomain terms
•• “What is the “What is the capitalcapital of Somalia?”of Somalia?”

•• Determines controlDetermines control--information for QAinformation for QA--controllercontroller
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[[PNPNDieDie Siemens GmbH] [Siemens GmbH] [VVhathat] [] [yearyear1988][1988][NPNPeineneinen Gewinn] [Gewinn] [PPPPvonvon 150 Millionen DM], 150 Millionen DM], 
[[CompCompweilweil] [] [NPNPdiedie Aufträge] [Aufträge] [PPPPimim Vergleich] [Vergleich] [PPPPzumzum Vorjahr] [Vorjahr] [CardCardumum 13%] [13%] [VVgestiegengestiegen sind].sind].

³³7KH�VLHPHQV�FRPSDQ\7KH�VLHPHQV�FRPSDQ\ KDV�KDV�PDGHPDGH D�D�UHYHQXHUHYHQXH RI�����RI�����PLOOLRQ�PDUNVPLOOLRQ�PDUNV LQ�������LQ�������VLQFH�WKH�VLQFH�WKH�

RUGHUV�LQFUHDVHG�E\RUGHUV�LQFUHDVHG�E\ ��������FRPSDUHGFRPSDUHG WR�ODVW�WR�ODVW�\HDU\HDU�´�´

hat

2EM

Gewinn

weil

steigen

Auftrag

33V

{1988, von(150M)}

6XEM

Flat dependency-based structure, only upper bounds for 
attachment and scoping:

6XEM

Siemens

{im(Vergleich),
zum(Vorjahr), 
um(13%) }

33V

6&

&RPS

Underspecified functional description for Underspecified functional description for 
sentencessentences
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[[PNPNDieDie Siemens GmbH] [Siemens GmbH] [VVhathat] [] [yearyear1988][1988][NPNPeineneinen Gewinn] [Gewinn] [PPPPvonvon 150 Millionen DM], 150 Millionen DM], 
[[CompCompweilweil] [] [NPNPdiedie Aufträge] [Aufträge] [PPPPimim Vergleich] [Vergleich] [PPPPzumzum Vorjahr] [Vorjahr] [CardCardumum 13%] [13%] [VVgestiegengestiegen sind].sind].

³³7KH�VLHPHQV�FRPSDQ\7KH�VLHPHQV�FRPSDQ\ KDV�KDV�PDGHPDGH D�D�UHYHQXHUHYHQXH RI�����RI�����PLOOLRQ�PDUNVPLOOLRQ�PDUNV LQ�������LQ�������VLQFH�WKH�VLQFH�WKH�

RUGHUV�LQFUHDVHG�E\RUGHUV�LQFUHDVHG�E\ ��������FRPSDUHGFRPSDUHG WR�ODVW�WR�ODVW�\HDU\HDU�´�´

Flat dependency-based structure, only upper bounds for 
attachment and scoping:

Distributed Representation Distributed Representation of of Dependency Dependency 
StructuresStructures

1:[PNDie Siemens GmbH] 

2:[Vhat] 

3:[year1988]

4:[NPeinen Gewinn] 

5:[PPvon 150 Millionen DM] 

6:[Compweil] 

7:[NPdie Auftraege] 

8:[PPim Vergleich] 

9:[PPzum Vorjahr] 

10:[Cardum 13%] 

11:[Vgestiegen sind].

L-1: O:2(O:1,O:3,L-2,L-3)

L-2: O:4(O:5)

L-3: O:6(L-4)

L-4: O:11(O:7,O:8,O:9,O:10)

BaseObjects LinkObjects

Linguistic and application specific 
extension are described as operations
(typing, re-organisation of attachment) 
applied on LinkObjects.
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Examples Examples (and (and moremore))

„Was für eine Art Tier ist der Hund? "

<IOOBJ msg=’quest’ s-ctr=’C-HYPONYM’ q-weight=’1.0’>

<A-TYPE>tier</A-TYPE>

<SCOPE>art</SCOPE>

…

“In welcher Stadt lebte Picasso?"

<IOOBJ msg=’quest’ s-ctr=’C-DESCRIPTION’ q weight=’1.0’>

<A-TYPE>LOCATION</A-TYPE>

<SCOPE>stadt</SCOPE>

…
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Important IssuesImportant Issues

•• High High coveragecoverage
•• FactoidFactoid, , definitiondefinition, list , list questionsquestions

•• Fuzzy retrievalFuzzy retrieval forfor
•• Meta terms & Domain termsMeta terms & Domain terms
•• Distinguishes: Distinguishes: 

•• fullfull--match, compoundmatch, compound--match, suffixmatch, suffix--matchmatch

•• Explicitly taking into account compoundingExplicitly taking into account compounding
" Zu welcher Tierart gehört der Hund? "

<IOOBJ msg=’quest’ s-ctr=’C-HYPONYM’ q-weight=’1.0’>

<A-TYPE>tier</A-TYPE>

<SCOPE>art</SCOPE>

…
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Determination of Determination of Lucene Lucene IRIR--
queryquery

•• TaskTask: : Compute IRCompute IR--query from NLquery from NL--queryquery

•• Goal: Goal: 
•• Use different style of query expression for different analysis Use different style of query expression for different analysis 

of dependency structureof dependency structure

•• Use analysisUse analysis--controlled NLcontrolled NL--generation of query termsgeneration of query terms

•• Perform feedback loop from most specific to most relaxed Perform feedback loop from most specific to most relaxed 
syntactic expressionsyntactic expression

•• Current approach:Current approach:
•• From NLFrom NL--query compute internal IRquery compute internal IR--independent independent 

representation which also covers control informationrepresentation which also covers control information
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ExampleExample

Computation of IR-description

(((:OR . :V) "gaben" "gab" "gegeben" "geben" "gibt")

((:WORD :N :NEC 4) . "analphabet") 

((:WORD . :N) . "es")

((:WORD . :N) . "welt"))

"Wie viele Analphabeten gibt es auf der Welt?"

"(gaben OR gab OR gegeben OR 
geben OR gibt)  
AND  analphabet^4 AND es^1 AND 
welt^1 "

"(gaben OR gab OR gegeben
OR geben OR gibt)  OR 
+analphabet^4 OR es^1 OR 
welt^1 "

NL-Query

Query-DS  

Strict Lucene-string Relaxed Lucene-string

1/�JHQHUDWHG

Word forms

Robust Query Interpretation
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Currently performed Currently performed 
TransformationsTransformations

•• NE_q NE_q --> > 
•• ( +“<NE_q_N>~W“ OR ... OR +“<NE_q_0>~W“) ( +“<NE_q_N>~W“ OR ... OR +“<NE_q_0>~W“) 
•• ExampleExample::
•• „Thomas Mann“ „Thomas Mann“ -->>

(+“Thomas Mann“~4 OR +“Thomas“~3 OR +“Mann“~3)(+“Thomas Mann“~4 OR +“Thomas“~3 OR +“Mann“~3)

•• QuotedExpressionQuotedExpression_q _q -->>
•• +”<quoted expression>”~W+”<quoted expression>”~W

•• Lemma_q Lemma_q -->>
•• Case POS do: Case POS do: 

•• WF=generate(Lemma_q): (WF_1 OR WF_2 … OR WF_N)WF=generate(Lemma_q): (WF_1 OR WF_2 … OR WF_N)
•• Lemma_qLemma_q
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Possible variants Possible variants of of LuceneLucene--
expressionexpression

•• Toplevel Toplevel logical expressionlogical expression
•• ANDAND
•• OROR
•• WindowWindow

•• Term level logical expressionsTerm level logical expressions
•• NOT: using syntactic analysisNOT: using syntactic analysis
•• Fuzzy term: covering spelling variationsFuzzy term: covering spelling variations
•• Weighting scheme: POS and NE typeWeighting scheme: POS and NE type
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Processing Processing of Definition of Definition Questions Questions 
(IE(IE--perspective perspective of QA)of QA)
•• Query Query analysis yieldsanalysis yields::

•• Definition + focus + type of focusDefinition + focus + type of focus

•• Core idea:Core idea:
•• Assume focusAssume focus--type specific definition of templatestype specific definition of templates

•• Person: bornPerson: born--where, bornwhere, born--when, businesswhen, business--whatwhat

•• Compute a set of slotCompute a set of slot--oriented IRoriented IR--descriptionsdescriptions
•• These serve as answer patternsThese serve as answer patterns

•• Slots are Slots are 
•• possible known  NE (person, location, date, …) which function possible known  NE (person, location, date, …) which function 

as aas a--typestypes
•• NLNL--phrases “describing” slot, if no TYPE can be deducedphrases “describing” slot, if no TYPE can be deduced

•• Compute for each slot one (multiple) Compute for each slot one (multiple) LuceneLucene--query query 
term of kind:term of kind:
•• NENE--type:person & text:<query term>type:person & text:<query term>
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ExampleExample
„Wer ist Thomas Mann?“

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

IR-meta term/pattern: <FOCUS> geboren in <LOCATION>

Q-type=c-definiton, focus=<Person, „Thomas Mann“>



 2004 G. Neumann

ProblemProblem

<sent>Der <ENAMEX id="3" type="DATE">1908</ENAMEX> in 
<ENAMEX id="0" type="LOCATION">München</ENAMEX> 
geborene Schriftsteller und Journalist war ein Vertrauter 
des Literarturnobelpreisträgers 
<ENAMEX id="4" type="PERSON">Thomas</ENAMEX> 
Mann und ein enger Freund von dessen Familie.</sent>

7KHUHIRUH��

QHHG�IRU�GHHSHU�1/�DQDO\VLV�RQ�GRFXPHQW�VLGH

DV ZHOO�DV�NQRZOHGJH�UHDVRQLQJ



Language Technology and Language Technology and 
Semantic WebSemantic Web

A kind of course summary and A kind of course summary and 
“future work”“future work”
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Human Human LanguageLanguage TechnologyTechnology

•• +XPDQ+XPDQ /DQJXDJH�7HFKQRORJ\�/7/DQJXDJH�7HFKQRORJ\�/7 –– covers covers 
•• The design and implementation of algorithms, data and The design and implementation of algorithms, data and 

electronic devices for processing of natural language (text electronic devices for processing of natural language (text 
and speech), and  and speech), and  

•• Their integration into realTheir integration into real--world applications and productsworld applications and products

•• Language Technology defines the engineering part of Language Technology defines the engineering part of 
computational linguisticcomputational linguistic
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LTLT--methods cover many areasmethods cover many areas

Multi/cross-linguality is of great importance in all these areas!
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4XHVWLRQ�
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6\VWHP

*UHHFH�

2QWRORJ\�

([WUDFWLRQ�

6\VWHP

2QWRORJ\�

([WUDFWLRQ�
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6\VWHP
�[��\��� ]
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6SHHFK�

$QDO\VLV

6SHHFK�

$QDO\VLV :KR�ZRQ�WKH�(6&�����"

6SHHFK�

6\QWKHVLV

6SHHFK�
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*UHHHHFHH�

0DFKLQH

7UDQVODWLRQ
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LT as embedded part of LT as embedded part of 
applicationsapplications
•• HumanHuman--Machine Machine 

CommunicationCommunication

+LJK�3HUIRUPDQFH

•Real-time

•Robustness

•Scalability

•Adaptation

•Evaluation

,QWHJUDWLRQ

•Modularity

•Multi-media

•Software-Engineering standards

•• DataData--oriented Knowledge oriented Knowledge 
AcquisitionAcquisition
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Language TechnologyLanguage Technology

•• Already a successful technology transferAlready a successful technology transfer
•• Industry (Microsoft, IBM, Siemens,Industry (Microsoft, IBM, Siemens, TelekomTelekom, ...) & Spin, ...) & Spin--offs, offs, 

competence centers, ...competence centers, ...

•• SpeechSpeech--systems, MT, Editors, Textsystems, MT, Editors, Text--Mining, KnowledgeMining, Knowledge--Mining Mining 
ContentContent--Management, ...Management, ...

•• Newest Technology Hype: the Semantic WebNewest Technology Hype: the Semantic Web
•• What role does it play for LT?What role does it play for LT?

•• &RUH�WHFKQRORJ\&RUH�WHFKQRORJ\

•• Efficient data structuresEfficient data structures
•• Weighted finite state automataWeighted finite state automata
•• Machine learningMachine learning
•• Statistical inferenceStatistical inference

•• /7/7��0HWKRGV0HWKRGV

•• Named EntityNamed Entity--RecognitionRecognition
•• PoSPoS//SemSem--TaggingTagging
•• Controlled LanguagesControlled Languages
•• Integration of shallow & deep Integration of shallow & deep 

NLP („text zooming“)NLP („text zooming“)
•• ReferenceReference--resolutionresolution
•• NLNL--oriented oriented ontologiesontologies
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The Semantic Web (SW)The Semantic Web (SW)

•• Tim Tim BernersBerners--Lee, 1998:Lee, 1998:
•• “This document is a plan for “This document is a plan for 

achieving a set of connected achieving a set of connected 
applications for data on the applications for data on the 
Web in such a way as to form a Web in such a way as to form a 
consistent logical web of data consistent logical web of data 
(semantic web).”(semantic web).”

•• Tim Tim BernersBerners--Lee et al., 2001Lee et al., 2001
•• “… an extension of the current “… an extension of the current 

web in which information is web in which information is 
given wellgiven well--defined meaning, defined meaning, 
better enabling computers and better enabling computers and 
people to work in cooperation.”people to work in cooperation.”
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SW SW –– illustratedillustrated 1 Extension of the Current Web

The existing web will further emerge, so that computers 
can understand content on-line, to better help humans 
to organize, search, and exchange information. 

3 Ontologies associate meaning to meta-data

5 The SW does not only consider Web-pages

Meta

CV

Meta

Meta

Meta

6 How will I use the SW?

4 Structured Web of data

� � � �

� � � � � �

� � � �

? ?

2 Add meta-data

??
Meta

Data over 
data;
Structural 
linkage of 
heterogeneou
s data 
sources

Meta
defined

via
Person is-a human
Person has name

Person has Email-adress

2QWRORJ\

��

SW exists of meta-data and links to global ontologies, 
which define the meaning of terms. 

An ontology serves as a structural vocabulary for the 
interpretation of domain-specific terms. 

•Intelligent information search; 
•Automatic support for the management of my personal 
information on the SW
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RDF is  language for the representation of meta-data over 
web resources. 
RDF-statements are triples of the form �6XEM� 3UHG� 2EM��

RDF and OWL: Modeling data on the SWRDF and OWL: Modeling data on the SW
1 RDF: Resource Description Framework

3 OWL: Web Ontology Language

4 Relevant aspects for SW

standardization, Web-globalization, 
distribution of resources

5 Ontology Mapping

2 XML & N3 sind alternative RDF-Syntaxen

;0/�VFKHPDWLFDOO\���6XEM!��3UHG!�2EM���3UHG!���6XEM!

1���

#SUHIL[ UGI��KWWS���ZZZ�Z��RUJ������������UGI�V\QWD[�QV� �

#SUHIL[�FRQWDFW��KWWS���ZZZ�Z��RUJ���������VZDS�SLP�FRQWDFW� �

#SUHIL[�(0��KWWS���ZZZ�Z��RUJ�3HRSOH�(0�FRQWDFW� �

(0�PH UGI�W\SH���������������������FRQWDFW�SHUVRQ��

(0�PH�FRQWDFW�IXOO�QDPH������ (ULF�0LOOHU ��

(0�PH�FRQWDFW�SHUVRQDO7LWOH 'U� ��

(0�PH�FRQWDFW�PDLOER[ UGI�UHVRXUH PDLOWR�HP#Z��RUJ��

Mapping between 
distributed, local
ontologies

ProgrammeMgr

Employee

Manager Expert
Analyst

ProjectMgr

funds

advises[1-4]

Contractor

•some RDF-statements 
have a fix interpretation (is-
a, =, inverseOf, card, ...)

•6KDULQJ of information 
between individuals from 
multiple documents ⇒
Web of data from 
heterogeneous sources
•Semantic of OWL as basis 
for  inference mechanism
over these data structures.

B-Thing
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Relevance of LT for SWRelevance of LT for SW

NL-generation of information in form of  
NL-Text, e.g., heterogeneous resources, 
dynamically created reports, newspapers, …

As long as the human is in the “Internet 
Loop”, NL will remain to be the core 
Human-SW communication device.

Humans will also in the future 
exchange knowledge via NL documents:
Semantically annotated documents as 
Human-SW interface

During the transition from the 
WWW to the SW, LT is a core 
technology. 

1

3

2

4

CV

Intelligent
Information

Access

Intelligente
Informations-

extraktion

Intelligent
Information 
Extraction
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(Traditional) Information Extraction(Traditional) Information Extraction

ManagementSuccession

3HUVRQ,Q���������BBBBB

3HUVRQ2XW������BBBBB

3RVLWLRQ�����������BBBBB

2UJDQLVDWLRQ��BBBBB

7LPH,Q�����������BBBBB

7LPH2XW��������BBBBB

Template:

documents

ManagementSuccession

3HUVRQ,Q��������.OLQJHU

3HUVRQ2XW�����:LUWK

3RVLWLRQ�� /HLWHU

2UJDQLVDWLRQ��0XVLNKRFKVFKXOH

0�QFKHQ

7LPH,Q������������BBBBB

7LPH2XW����������������

'U��+HUPDQQ�:LUWK, bisheriger /HLWHU der 0XVLNKRFKVFKXOH�

0�QFKHQ, verabschiedete sich heute aus dem Amt. Der
65jährige tritt seinen wohlverdienten Ruhestand an. Als seine
Nachfolgerin wurde 6DELQH�.OLQJHU benannt. Ebenfalls neu 
besetzt wurde die Stelle des Musikdirektors. Annelie Häfner 
folgt Christian Meindl nach.

Text classification

Linguistic 
processing

Template
processing

Linguistic processing

tokenization

morphology

Reference-resolution

chunks

Clause toplogy

Gram. functions

Template processing

LexikoSyn-Patterns

Domain lexicon

Merging-Regeln

Named Entities
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IE for semantic annotationIE for semantic annotation
Identification of IE-sub-tasks:
• basic entities (e.g., proper names)
• binary relations between entities
• n-ary relations/events 

0DFKLQH�OHDUQLQJ�

IE as core for semantic annotation
• identification
• discovery
• validation
• evaluation
of semantic relationships & as basis for the 
automatic creation of meta data

Automatic Content Extraction (ACE)

• Spezification of an IE-core-ontology
• Annotation-specification & -tools
• Templates as specializations of the  IE-
core-ontology (also multi-templates)



 2004 G. Neumann

LTLT--challengeschallenges

•• Linking of domain ontology and NLLinking of domain ontology and NL--oriented ontology oriented ontology 
(e.g.,(e.g., WordNetWordNet) ) 

•• ParaphrasingParaphrasing

•• Metonymy   (“Peking organizes the Olympic Games Metonymy   (“Peking organizes the Olympic Games 
2008.”)2008.”)

•• Reference identification (“Chancellor Reference identification (“Chancellor SchröderSchröder,,
SchröderSchröder, the German chancellor, he, …”), the German chancellor, he, …”)

•• Analysis of sublanguages as basis for adaptive IE (cf. Analysis of sublanguages as basis for adaptive IE (cf. 
GrishmanGrishman, 2001), 2001)

Identification of verbalizations/mentioning of Identification of verbalizations/mentioning of 
concepts/instancesconcepts/instances
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Domain modeling in DFKI system SMES is Domain modeling in DFKI system SMES is 
realised realised using typed feature structuresusing typed feature structures
❍❍ Domain modeling via hierarchy of templates Domain modeling via hierarchy of templates 

(black box), using the formalism TDL, which is (black box), using the formalism TDL, which is 
also used to model hierarchies of linguistic also used to model hierarchies of linguistic 
objects ( yellow boxes). objects ( yellow boxes). 

❍❍ The interface between domain knowledge and The interface between domain knowledge and 
linguistic entities  is specified via linguistic entities  is specified via OLQNLQJ�W\SHVOLQNLQJ�W\SHV

(green box), which represent a close connection (green box), which represent a close connection 
between concepts of the different layers, and between concepts of the different layers, and 
which are accessible via the domain lexicon which are accessible via the domain lexicon 
(brown & green box). Template(brown & green box). Template--filling is then filling is then 

realized via type expansion.realized via type expansion.

7HPSODWH

>DFWLRQ�GDWH@

0RYH�7

>IURP� WR��

XQLW@

/RF�7

>ORF@

)LJKW�7

>DWWDFNHU�

DWWDFNHG@

0HHWLQJ�7

>YLVLWRU�

YLVLWHH@

3KUDVH

13

/RF13 /RF33

'DWH33

33

)GHVFULSWLRQ

>SURFHVV�

PRGV@

WUDQV

>VXEM�

REM@

LQWUDQV

>VXEM@

'DWH13

'RPDLQ/H[�

VKRRW )LJKW�/H[

)LJKW�/H[

>SURFHVV ��

�VXEM ���REM ��

WHPSO >DFWLRQ ��

�������������DWWDFNHU ��

�������������DWWDFNHG �������@�@

/LQNLQJ�7\SH�

>SURFHVV ��

�VXEM ��

�WHPSO >DFWLRQ ��

���������������VORW ��

��������������������@@

��

��
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NLNL--annotations for the SWannotations for the SW
Starting point: START multi-media QA system, by Boris Katz et al, M.I.T.

Central issues
1. Sentence-based NL-Analysis
2. NL-annotations for multi-media

information segments

%LOO�VXUSULVHG�+LOODU\�ZLWK�KLV�DQVZHU

<<Bill surprise Hillary> with 
answer>
<answer related-to Bill>

Processing of huge text collections:
1. Extraction of relevant sentences from texts.
2. Syntax analysis
3. Annotation of  the texts with syntax

NL-Question
:KRVH�DQVZHU�VXUSULVHG�+LOODU\"

�answer surprise Hillary>
<answer related-to ZKRP>

T-expression
<subject relation object>
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Haystack: the universal Haystack: the universal 
information clientinformation client

http://haystack.lcs.mit.edu/

Idea:
Personalized information portal for all 
relevant services, like  email,
documents, calender, Web-pages, ...

Collection of all data uniformly 
via RDF-database

Programming language  Adenine 
for the manipulation of frequent 
(i.e., as support for the 
implementation of specific service 
programs).

Motivation: 
semantic annotation should be a 
side-effect of daily use of computer.
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+D\VWDFN�5')�GDWDEDVH�

@prefix dc: http:77purl.org/dc/elements/1.1/
@prefix :  http://www.50states.com/data#

{ :State
rdf:type rdfs:Class ;
rdfs:label  „State“

}
{ :bird

rdf:type rdf:Property ;
rdfs:label     „State bird“  ;
rdfs:domain :State

}
{ :alabama

rdf:type :State ;
dc:title „Alabama“ ;
:bird „Yellowhammer“ ;
:flower „Camellia“ ;
:population „4447100“ ;
...

}

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

Add{ :stateAttribute
rdf:type nl:NaturalLanguageSchema ;
nl:annotation @( :DWWULEXWH „of“ :VWDWH) ;
nl:FRGH :stateAttributeCode

}
Add{ :DWWULEXWH

rdf:type nl:Parameter ;
nl:domain rdf:Property ;
nl:descrProp    rdf:label ;

}
Add{ :VWDWH

rdf:type           :Parameter ;
nl:domain       :State ;
nl:descrProp   dc:title;

}

0HWKRG

:stateAttributeCode : state=state :DWWULEXWH=attribute
return (ask {state  attribute ?x })

1DWXUDO�ODQJXDJH�VFKHPD�

)UDJH� :KDW�LV�WKH�VWDWH�ELUG�RI�$ODEDPD"

�ELUG���������� �DWWULEXWH ÄVWDWH�ELUG³

�DODEDPD��� �VWDWH Ä$ODEDPD³

$VN^VWDWH �DODEDPD��DWWULEXWH �ELUG��"[�`

$QWZRUW� <HOORZKDPPHU

� "[ �Ä<HOORZKDPPHU³�
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Example: Example: 
Linking of tLinking of t--expressions & RDFexpressions & RDF
@prefix nl: http://www.ai.mit.edu/projects/infolab/start#

Add{ :Person
rdf:type rdfs:Class ;

}

Add{ :homeAddress
rdf:type rdf:Property ;
rdfs:domain    :Person ;

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) ;

}

Remarks:
• NL-annotations as a means for

controlling the paraphrasing 
potential of NL expressions

• Richer linguistic annotations 
are possible (e.g., fine-grained 
grammatical functions, 
agreement)

• Also relevant for user-oriented 
adaptation of service programs
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Natural language annotations for Natural language annotations for 
the SWthe SW
•• NL used as metaNL used as meta--datadata

•• Readability of RDF Readability of RDF 
•• Supports transition from WWW to SW Supports transition from WWW to SW 
•• NLNL--annotation specifies which kind of (NL)annotation specifies which kind of (NL)--question a metaquestion a meta--

data is able to answer data is able to answer 
⇒⇒ controlled questioncontrolled question--answering systemsanswering systems

•• Information access (IA) within SWInformation access (IA) within SW
•• Development of programs, which help a user to locate, to Development of programs, which help a user to locate, to 

collect, to compare and to link informationcollect, to compare and to link information

•• NL is the most natural way for user to perform IA NL is the most natural way for user to perform IA 
•• SW should support in the same way IA using specialized SW should support in the same way IA using specialized 

languages/exchange formats & NLlanguages/exchange formats & NL
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RelevanceRelevance
•• Approach is open for future extensions:Approach is open for future extensions:

•• statisticalstatistical--based models (add weight to the NLbased models (add weight to the NL--
annotations)annotations)

•• Machine Learning of NLMachine Learning of NL--annotations on basis of annotations on basis of 
ontologyontology--oriented IE oriented IE (cf.(cf. HovyHovy et al. 2002)et al. 2002)

•• The current mechanism of NLThe current mechanism of NL--annotations is annotations is 
idiosyncratic, however at DFKI we plan the idiosyncratic, however at DFKI we plan the 
following: following: 
•• Exploration of a linking mechanism between Exploration of a linking mechanism between 

dependency structure and RDF/OWLdependency structure and RDF/OWL
•• Foundation for novel templateFoundation for novel template--based QAbased QA--

strategiesstrategies
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Concluding remarksConcluding remarks
•• LT LT isis a a keykey technology technology forfor thethe constructionconstruction of of thethe

SemanticSemantic Web Web 
•• Very Very high high requirements requirements onon

•• PerformancePerformance
•• ModularityModularity & & integrationintegration
•• scalabilityscalability & on& on--demand availabilitydemand availability
•• Domain & Domain & useruser adaptationadaptation

•• SystematicSystematic evaluationevaluation of LTof LT--methodsmethods
•• Driving Driving power & power & revisionsrevisions of of future developmentsfuture developments

•• In In thethe futurefuture, , cognitivecognitive--basedbased methodsmethods will will bebe
considered considered 
•• as inspiration for more effective LTas inspiration for more effective LT--methods, e.g., methods, e.g., 

deterministic parsing/generation, intelligent memory deterministic parsing/generation, intelligent memory 
managementmanagement


