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Overview

Hybrid Question: Answering

Anology-anc




Motivation: From Searc
Engines tor Answer Engines

User Query:
KeyWrds, Wh-Clause, Q-Text

Experienc
ed-based

Search Engines

Shift more ,interpretation
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Question Answering

' |nput: a question in NL; a set ofi text and
database resources
o Output: a set of possible answers drawn

from the resources

"Where did Bill Gates go to college?

V/4
— o o V/4
r

“What is the rainiest place on Earth-

<) BN
SYSTEM Text

Corpora

& RDBMS

“Harvard” "...Bill Gates, Harvard dropout and founder
of Microsoft...” (Trec-Data)

Google-retrieved Web page.)




Question Answer
Analysis |Generation

Query Response
Generation| Analysis

» combine the virtues of domain-

—Wspecia ize with open-domain 2

» utilize general knowledge about
frequent types and

e access semi-structured know- |
ledge bases | i

AN
Off-Line
Information Extraction
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Design Issues

- » [oster bottem-up system developmen
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Question-Answering System

(cf. Neumann&Sacaleanu, 2003)




Major control flow of BiQue

‘Mit wem ist David Beckham verheiratet?”

{person:David Beckham, married, person.?}

Lucene IR
XML-indexing

Annotatec

*WSD

*Expansion
“David Beckham, the soccer star
engaged to-marry Posh_Spice; is
O defeat.”

Answer
Extraction

[fosh Spice {person:David Beckham, person:Posh Spice}




Query Translation & Expansion

* Secondidea:.

First iIdea:

o Use EuroWordNet

* Only use

~— EuroWordNet = Use cociic Mi-services

« Defines a word-based » Overlap-mechanism for query

expansion

translation;via synset _
» Crosslingual because

_» EXxperience e Q-type & A-type from DE-

» EuroWordNet too Question Analysis

sparse on German-— > Synsets from EuroWN direct

side guery expansion (

)

Neverless introduced

~ too much ambiguity — EXxperience

 NE-translation is o External MT services also used

crucial—————— for Word-Sense-Disambiguation

- So far, net very much WSD

« Reduced degree of ambiguity




XAIMPIE: (cf. Neumann&Sacaleanu, 2003)

Wo wurde das Militarflugzeug Strike Eagles 1990

|
FreeTranslation: Where did the military airplane become would strike used Eagles 19907
Systran:

|
|
Where was the military aircraft Strike Eagle used 19907

BoOg, := {soldier, airplane, strike, eagle, install, 1990, military, become, strike, use, aircraft}

2. Query expansion using EuroWordNet

X 1 BoO,: lookup(EurowN) Reading-697925 Reading-1453934: \‘
EN* 14
If x is unambiguous: extend BoOgy EN: {hand'e, use, wield} EN: {behave toward, use}
Else Oreadings(X):
get its aligned German readings &

DE: {handhaben, hantieren}

DE: not aligned
Look them up in BoOgy
Tf crirracefiilbhs Fhan adA FrAalich +arme 0 ( DaadinAa-AEQYA92.
I SUTLTSSTUITy UITCTT aUUu LTTgisiT LtCrims U NCaUllig=ouoo4L 0.
BoO¢ /
=N ( EN: {apply, employ, make use of, put to use, use, utilise, utilize} |
2004 G, Neumann

DE: {anbringen, anwenden, bedienen, benutzen,

A




What we learned ...

—r

o Different MI-services-can-help-each-other
 |Logos suitable for EN-query parsing
o Necessary to determine A-type, O-focus on-EN side
o Systran/FreeTranslation better in NE-translation
s Problem: MT-services often compute
» |ll-formed strings: bad for guery: parsing
o “partial” translation (mixed strings): problem for
~— |R/paragraph selection
» Our envisaged approach
« Use DE-query analysis-as-control object for determining EN-——
guery object
« Prefer DE-determined EAT, NE, Q-focus

» Further decrease role of external MT services; only used for
\'I\'ISD
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Even more to learn ...

= Oft-line Annotation of corpus would he
~ defining more controlled |

~ *» Query/Answer processing
o Question analysis as “deep” as possible

e Question: classification as basis for answer |

- strategy selection
o Answer strategies for definition/list-based

guestions
~ » Had led to substantial improvements of
our Clef-2003 system for Clef-2004
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Hybrid Architecture

>

\ 4




2004 (cf. Neumann&Sacalenu, 2004)

Robust Query Interpretation

: B |R-description
P Query Anal ysIS B *Generated Wordforms

*Q-type B <NE-types
*A-type, Q-focus «Feature description

GetData L]
query planner B answer merger

| R-decsription neqotiator

Annotated Corpus
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Robust Interpretation of NL
Queries in BiQue-2004

«  German syntax (SMES):
— + TJopological parsing

o |_ocal- Subgrammars forWh-phrases
— Re-representation

— Distributed Representation for Dependency: Structure

—+ Query analysis

— = Majorinformation
— Q-type (description/definition/-..)
—A-type (Person/Location/--)
— e Scope (further constraints for A-type)

—+ “What Iy = of bridge is the Golden Gate Bridge?”

— Corpus-driven-approeach for Wh-domain terms

-~ “What is the copii2 of Somalia?”

— Determines control-information for QA-controller

1 2004 G. Neumann




Underspec:lfled functional description; for
Sentences

|pyDie- Siemens- GmbH] [ hat] [, 1988][ysenen-Gewinn] {spvon-150-Millionen-DMJ,

N|eompell] {ypdie-Auftrage] {spim-Vergleich] {szum-Vorjahr] {;qum-13%] [ygestiegen-sind:

— The-slemens company-has made-a-revenue-of-150-million-marks in-1986, since-the

~orders increased by 13% compared to last year.”

hat

Subj

PPs
0)o]]

Siemens {1988, von(150M)} steigen

Gewinn

M 9NN\A = Ny
LI 2004 'O INCTUlTIarinm




Dlstrlbuted Representation of Dependency
Structures

|pyDie- Siemens- GmbH] [ hat] [, 1988][ysenen-Gewinn] {spvon-150-Millionen-DMJ,
N|eompell] {ypdie-Auftrage] {spim-Vergleich] {szum-Vorjahr] {;qum-13%] [ygestiegen-sind:

— The-slemens company-has made-a-revenue-of-150-million-marks in-1986, since-the
~orders increased by 13% compared to last year.”

BaseObj ects LinkObjects
1. Die Siemens GmbH]
2:[ hat]

3[ 1988

L-1: 0:2(0:1,0:3,L-2,L-3)
L-2: O:4(0:5)

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

L-4: 0:11(0:7,0:8,0:9,0:10)

4:[ einen Gewinn]

5 von 150 Millionen DM]

6] wall]

Z{ gestiegen St
Netmanti




r HiinAd”? "'
f d

I 1utl .

<IOOBJ msg="quest’ s-ctr="C-HYPONY M’ g-weight="1.0">

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

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

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

<SCOPE>stadt</SCOPE>

[0 2004 G. Neumann




Important ISSUes

» High coverage

o Factoid, definition, list guestions
J =L iflavell for

o Meta terms & Demain terms
e Distinguishes:
* jull-match, compound-match, sufiix-match
— ¢ Explicitly taking Intor account compounding
* Zu welcher Tierart gehort der Hund? "

<IOOBJ msg="quest’ s-ctr="C-HY PONY M’ g-weight="1.0">

A TN D~ t; INn TN/ DC
SA-T YT FPFEAUSISA-T Y FE~Z

>
CLrN\DES art~ICrODE
SOLVUFE~d IS OUURFE~
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QUENRY

-~ » TJask: Compute IR-guery from: NL-query.
- +» Goal

o Use different style of query expression for different analysis.

oft dependency structure
» Use analysis-controlled NL-generation of query terms
» Perform feedback loop from most specific to most relaxed
syntactic expression
- Current approach:

« From NL-query compute-internal 1R-independent
representation-which-alsoe-covers-control information

[0 2004 G. Neumann




Example

"Wie viele Analphabeten gibt es auf der Welt?

Robust Query Interpretation <
Word forms

— "(gaben OR gab OR gegeben OR "(gaben OR gab OR gegeben

- geben OR giht) OR geben OR gibt) OR

— AND anaphabet™4 AND es*1 AND +analphabet"4 OR es*1 OR
weltr1 " welth1 "
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Transtormations

E g->

—+ (+#<NE_g_N>~W“OR ... OR +*<NE_¢_0>~W")

o Example:

e Thomas Mann®->

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

* QuotedExpression_g ->
o +’<quoted expression>"~\W

- * Lemma_g ->

e Case POS do:

« WF=generate(Lemma_q): (WF_1ORWE 2 ... ORWEF N)

« Lemma_(g

[0 2004 G. Neumann




expression

loplevel logical expression

rerm level logical expressions
e NOT: using syntactic analysis

e Fuzzy term: covering spelling variations
» WWeignting scheme: POS and NE type

[0 2004 G. Neumann




Processing of Definition Questions.
(IE-perspective off QA)

~ = Query analysis yields:
-~ Definition + focus + type of focus
— =+ Corelidea:

-+ Assume focus-type specific definition of templates |

» Person: born-where, born-when, business-what \

~ Compute a set of slet-oriented IR-deseriptions—

—These-serve as answet patterns

e Slots are

» possible known NE (person, location, date, ...) which function |

as a-types |

« NL-phrases “describing” slot, if no TYPE canbe deduced

s Compute for each slot one (multiple) Lucene-query.

term of kind:

» NE-type:person & text:<query term>




R-meta term/pattern: <rFQO > geporenin <

e voes' T OCATION - AND Faenoren

\

taxt\"Thomas Mann\"" OR text-Mann))"




Problem

JeDOIrere
des Literarturnobelpreistragers
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Language lfechnolegy
Semantic WWeb

A Kind of course summary and
“future work®




~ = HumanLanguage T'echnology L1 — covers

» The design and implementation 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

Human Language Technology

[0 2004 G. Neumann




LT-methods cover many: areas

Text Data
Mining
System

Information
Extraction
System

Ontology
Extraction
System

Question-
Answering Greece! SE2 Machine

Translation

Speech-

Synthesis

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




LT as embedaed part of
applications

o Human-Machine s [Data-oriented Knowledge

-~ Communication:  Acquisition

Integration High Performance

— |

\ /] et _-= aal=
ol\/

=V

= B a -‘.J

-Multi-media *Robustness

-Software-Engineering standards ~ *Scalability

[0 2004 G. Neumann




Language Trechnology.

« | T-Methods

» 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?

VoW

= 5n ~ a1
2004 G, INeumarm




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.”

[0 2004 G. Neumann




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.

3}%!%616@5@3—66 at% WL”H ' td rbet T

Al_@vi a aala
-\ O

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

Intelligent information search;
. sAutomatic support for the management of my person
0 2004 G, NN information on the SW




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

rd 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

[0 2004 G. Neumann 0nt0|09|eS




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

[0 2004 G. Neumann




Pt
/

A ———— 2= |Iaaaaa
/- —
| Templae:  / DEEEwreeal

ManagementSuccession

tokenization

N

Personin:

PersonOut:
Position:

Organisation:

[Clause toplogy _

Timeln:

TimeOut:

Reference-resolution

s | Gram. functions |  F v
-

Hf'jL
[l
[

W

1)
[l e
|l|! L1

Il

‘»\w
i}

T

Dr. Hermann Wirth, bisheriger Leiter der Musikhochschule
Miinchen, verabschiedete sich heute aus dem Amt. Der
65jahrige tritt seinen wohlverdienten Ruhestand an. Als seine
Nachfolgerin wurde Sabine Klinger benannt. Ebenfalls neu
besetzt wurde die Stelle des Musikdirektors. Annelie Hafner
folgt Christian Meindl nach.

ManagementSuccession
Personlin: Klinger
PersonOut:  Wirth
Position: Leiter

Organisation: Musikhochschule

Miinchen
Timeln:

TimeOut: 3.4.2002




|= for semantic annotation

. baS|c entltles (e g., proper names)

* n-ary relations/events

» Machine learning!

A4
|E as core for semantic annotation

~atiAan

£
[fication

iscovery
alidation

valuation

automatic creation of rﬁeta data

1 9NN A — N
2004 G, INeUITian




LT-challenges

antification:of- verbalizations/mentioning: of

epts/instances

-~ Linking of domain ontology and NL-eriented ontology

(e.g., WordNet)

= Paraphrasing

o Metonymy (“Peking organizes 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)

[0 2004 G. Neumann




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
ﬂmdmwmd@#ﬁamch@sﬁﬂﬁmﬁﬁh—(mmmmﬂmm oc

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 Hillgity 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.

e " Ho mar lnpues me sk 0 Ao Whose answer surprised Hillary? S
R — <O'SVVET SUrPrise Hillary> —

BN <answer related-to whom> L]

12004 N'eumal




IHaystack: the universal
Information client

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

g Motivation




Naturar i anosuaese scnemd
— Ydlhdl ~

@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
¥
% ‘bird 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 })

-~ III-II-III-II
e e




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) ;

[0 2004 G. Neumann




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

[0 2004 G. Neumann




Relevance

» Approachiis open: for futtire extensions:

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

- Machine Learning; of Nl.-annetations en basis of
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

[0 2004 G. Neumann




Concluding remarks

o LT Is a key technology for the construction of the
Semantic \Web

-~ » \ery high requirements on
» Performance
« Modularity & integration
= scalability & on-demand availability
 Domain & user adaptation

s Systematic evaluation of LT-methods
 Driving power & revisions of future developments

~__» |Inthe future, cognitive-based methods will be
considered
) N — tactive LT-method
—deterministic parsing/generation, intelligent memory
management

[0 2004 G. Neumann




