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Acquisition and Modelling
Ontologies

Reuse Capture
Knowledge Annotations

Note the gap!!!
Annotations are

Sharing

The Knowledge
Ife-cycle




Why manage knowledgee

=" To enable easy timely and effective reuse

= We need: to enable sharing

® Requirements: easy and effective sharing

* To enable sharing

= we need to: capture knowledge

® Desiderata:

= Easy capture (do not get in the way of the user’s work!)

= Comprehensive capture (do not miss important facts!)

= To enable capture:

= We need acquiring and modelling the domain and
process it in an appropriate way

Please note: most books and tutorial work the other way around.
They start with modelling (e.g. ontology building) then move to acquisition, then

to sharing (if they dol). This often generates confusion: modelling seems the most
important issuel!




Today’s tutorial

* We will see techniques and methodologies for

= Knowledge Capture
B Extracting and integrating information

" from existing archives and documents
= With user in the loop

= Knowledge Sharing and Reuse

® Enabling knowledge searching + process
support

" You have already seen:

= Knowledge Acquisition and Modelling

= Ontology Engineering

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield
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Requirements for
Knowledge Capture

e issues in knowledge capture:

(Comment

e capture: what and what for?




Knowledge Capture

= Collecting and " Approaches -
aggregating multimedia = af source: helping people
knowledge to make it capturing knowledg_e_ Ay
available for when produced »"3,;*.# P

. :
sharing and reuse " On legacy documents,

" From document pictures, data: / 5
management to

8/

= Annotation services

knowledge 0l e
management

® for integration

In ontological terms knowledge
capture consists in capturing
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Requirements for KC: Cross media

= Fvidence is often distributed in different medig;

* Knowledge in one medium does not carry the full

evidence

Battery Exchange Program
iBook G4 and PowerBook
G4

Apple has determined that certain lithium-ion batteries
containing cells manufactured by Sony Corporation of
Japan pose a safety risk that may result in overheating
under rare circumstances.

The affected batteries were sold worldy
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\X:ME’.ﬁ@l Compound Documents & CM

From Deliverable D8.2

Typ|col data objects (text, image, raw)

= Text formats: Word, Excel, PPT and PDF documents
" Images: Jpeg and Gif

= Raw data: Measurements stored in a RDBMS

= Cross-media: Compound documents: Word, PPTs and PDFs
containing both text and Jpeg images
» Portions semantically related

to each other within the
same physical document

e Information contained in just
one modality is insufficient

» Cross-media knowledge
acquisition techniques
needed in order to capture
and manage all of the
explicit and implicit knowledge

© Fabio Ciravegna, University of Sheffield
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SW for Knowledge Capture

e user centred methodologies and tools for text and image annotation

e automatic methodologies and tools for text annotation
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Semantic Web for Knowledge Capture

= Aims:
= To capture knowledge within and across
media in arich, semantically-oriented way

s Qutcome of capture technologies is @
semantic representation of the content
(conceptualisation) to be used for
knowledge management purposes

® Enrichment of multimedia documents with
layers of manually or automatically
generated annotation is the main medium of
associating conceptualisations to resources

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




Ontology-based annotations

* Marking up contained information

= Portions of documents associated 1o objects in
ontology

m Allows:

= Ontology-driven processing

= Services based on ontology will be able to use
information

® Ontomat/CREAM (Staab et al 2001)
m Melita (Ciravegna et al. 2002)
® SemTag and Seeker (Dill et al. 2003)

m _.and many others...
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Ontology-based Annotation

shops —O—sellable $amount

- sell | }
_ Has-price ice
animals
e |
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Input &Output

" |nput to the KC technologies
= Ontologies (MMO, domain ontology),
= Background knowledge (gazetteers, etc.)
= Normalised document representation

= Medium to extract from (text, images, data, videags,...)

= Qutput

® Evidence represented in terms of conceptual information

® Fvidence used by other modules as background
conceptual knowledge, i.e. pre-existing knowledge

® Fvidence in the form of uncertain output

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield
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Ontology-based Annotation

" The way to annotate pages is to:
® Select an ontology
® Define statements to represent meta-data about the document

" Manual Annotation

= Annotation can be performed by:
® Domain expert

= User-friendly tools for annotation
= Cream (Handschuh et al. 2002)
= Melita (Ciravegna et al. 2002)
s Photostuff (Hendler ef al. 2005)
s AktiveMedia (Chakravarthy et al. 2006)
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Ontology-based Annotation

@ (C)wine region &
©-(C) United States region &
@ (C) ltalian region &

() French region *

(C) Alsace region ®

Beaujolais region &

(C) Bordeaux region

St Emillion region &

(C) Bourgogne region

") Cotes d'Of region A

Meursault region &

) Cotes Chalonnaise region
@ (C) Loire region®

- (C) Australian region &

Annotated )
Ontology Documents Tri
(an
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AktiveMedia

" Fnables semi-automatic annotation across texts and
Images

" The inferface enables
= HTML edifing

= Annotation of documents in RDF based on an OWL ontology

" Types of annotations

= Concepts / Relations

= SW: Annotation:

= Selection of concept/relation and highlighting of text is the
way in which annotation is performed

SS http://www.dcs.shef.ac.uk/~ajay/html/cresearch.nfml
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File Annotation Image RDF Mode Help
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Annotating across documents (CREAM, 2001)

Ontology . rdfs:domain \

—-»{ Person j<- AN

-— _—

- Graduate_g) rdfs:subClassOf rdfs:;subClassOf —3 . ]

e )

S <_Ph PhDStudont ' _ Lecturer _,» _g”
-qq___--— e ——— ~__-‘-PP-_
-“..‘!—-—--___ R R ___.——r."——--
rdftype
[ [owee PrDstodent | <awze {ia :
kdf:about="http: //www. aifh. uni-karls ‘SuIc Jecturer |
[rune . de/WBS /sha/#2iegrried" > rdf:sbout="http: //www. aifb uni
cawro:nmeer3diegfriad Handsshun ~karlsruhe.de/WBS/sst/
</ Gar s name> #Steffen”>
ANNQ- | [/mecimamer _

. COArsicoopearatesWith rdfirascurce - g . e o .
tation "http: / /www.8ifl . uni-karlsruhe.de SINZCIRMSASEALEND SEAMD
/Res/ssc/fcrelfan” /> </swrciname>
"o T </swro:Lecturer>

e/ amrs DS udents

_‘ Across documents Steffen Staab
Siegfried

Web Handschuh It is not marking up part E

{
Page r of document
~ B # wodiag tegster aly IR evearch:
Soeffre Shah i the Foootedge A ‘
Muogwrax Crog Serunex Web, Koivatedoe

\ Muagrce Notral Lagug-

< SSSW 2008 Nt tp: Swew s S8 und <kar Ler ubw . de/ VNS xha | Btto:/ Svww aifh uni-karl xrubm.de/MB S/ s xt
_ s © Fabio Ciravegna, University of Sheffield

© Fabio Cirévegna, University of Sheffield




Marking up Provenance

" COMM - A Core Ontology for Multimedia
based on http://comm.semanticweb.org/

= the MPEG-7 standard TN N
= the DOLCE foundational ontology.

<Mpeg7>
<Description xsi:type="ContentEntityIype”>
<MultimediaContent xsi:type="ImageType">
<Image id="IMG1">
<SpatialDecomposition>

<StillRegion id="SR1">
<Semantic>
<Label><Name> Roosevelt </Name></Label>
</Semantic>
</StillRegion>

<StillRegion id="SR2">

<TextAnnotation> <!-- TextAnnotationType -->
<KeywordAnnotation><Keyword> Churchill </Keyword></KeywordAnnotation>

</TextAnnotation>
</StillRegion>

<StillRegion id="SR3">
<Semantic>
<Definition> <!-- Also TextAnnotationType -->
<StructuredAnnotation><wWho><Name> Stalin </Name></Who></StructuredAnnotation>
</Definition>
</Semantic>
</StillRegion>

© Fabio Ciravegna, University of Sheffield
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Name Base

WASHINGTON, D.C. (October 5. 1999) -

,,,,,,,,,,,,, L today announced thatgHBERGIES, former
Vice-President of E-Commerce & 1,

has joined the company's executive management team

y as president.

Near Match in Index

o

Disambiguation
In documents

Automating Annotation

© Fabio Ciravegna, University of Sheffield
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Annotation Engines

= Solutions like AktiveMedia can be used for annotating
new documents and knowledge

® |large repositories of legacy data exist

= it is important that new management solutions are
able to reuse existing data

® do not require a completely new world to be built
for youll
" Llegacy data is generally represented in
= databases
® textual documents

® images

m © Fabio Ciravegna, University of Sheffield




Tasks for KA: Extraction

= Text: " |mages:

® Entity Extraction = Semantically driven

® Table Fields Extraction
® Relation Extraction

® Event Extraction
]

= Data:

s Similarity of Data
Instances

® Functions and relation

® Finding patterns and

‘ Ii_) regularities in data
SSSW-2008 4 © Fabio Ciravegna, University of Sheffield

Image analysis using
ontologies, for retrieval
and annotation

Image classification/
clustering with respect to
the dominant visual
trends

rsity of Sheffield
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Information Extraction from Text

= Automatically extracting pre-specified information
from textual documents

® salient facts about pre-specified types of events, entities or
relationships.

» Populating a structured informo’gnpany; nQuest Inc. \

/sﬁmtsiumiuLed_unsiuLciuLed@ Date: today
InP : Paul Jacob
WASHINGTON, D.C. (October 5, 1999) - nrerson: faul Jacobs

InRole: president

nQuest Tnc) today announced that[ERIRET, for
Vice-President of E-Commerce at| SR

SRA Internatio]
has joined the company's executive management {

Company: SRA International
OutPerson: Paul Jacobs

% ;@Role: Vice—Presidenw

Named Enftities | __Event Recognition

Univer

Iravegna,

Growing complexity

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield
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Classic Tasks

" Information Extraction from Text:
= Entity Extraction
® Fields Extraction
= Relation Extraction

® Fvent Extraction

» Other (hon Semantic) Tasks
= Document Similarity

= Text Categorization

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield
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Named Entity Recognition

= Tasks:

s Recognition and classification of named entfities
® E.g. people’s names, companies, locations, etc.

= Unique identification of named entities (URI
assignment)
® |ncluding disambiguation

= Michael Jordan as basketball player Vs lawyer
= Llondon UK Vs London USA

® Infegration with other sources

m E.g. positioning on a map

© Fabio Ciravegna, University of Sheffield
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Traditional approach 1o NER&C

" TWO steps:

= Training phase

® |nput: annotated set of representative documents

m Qutput: frained system
5 At runtime

® One-by-one document analysis

" Expected accuracy:
= 80-95% (free texts)

= Web documents tend to require additional processing to get
equivalent results (but doable to some extent)

= Medium Scale: up to hundreds of thousands of documents

© Fabio Ciravegna, University of Sheffield
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Large Scale NER&C

" For large scale (some hundred millions
pages) smarter infrastructure is needed
s Search engine-like indexing infrastructure
® Faster processing (less processing)
= Two cases:

m Recognition of known terms (and their variations)

= See also information integration
m Discovery of new names

© Fabio Ciravegna, University of Sheffield
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Large Scale NER: Indexing

* Document Indexing as in Search Engines

Distributed Index Archive
(keywords)

© Fabio Ciravegna, University of Sheffield
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Known Name Recognition

Disambiguation

Name Base Near Match in Index Archive
In documents

S. Dill, N. Eiron, et al: SemTag and Seeker: Bootstrapping the semantic web via
automated semantic annotation. WWW'03

© Fabio Ciravegna, University of Sheffield
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Discovery of New Names

* Modified Indexing of documents to
recognize potential names
= Traditional NER

® On the window of words (not the whole doclll)

* Fast and effective
= Web specific strategies

® To identify names without context

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




Terminology Recognition

" NER is one example of term recognition

* More useful in tfechnical domains is
terminology recognition

® The task of assigning a URI fo a technical
description

B .e. mapping a natural language description to
the official company ontology
N

Official
Parts List

Extracted Terms )——>: Terminology
: Recognizer §

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield
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Terminology Recognition

" Possible approaches

® Linguistic approaches

m Based on linguistic analysis of terms (Gaizauskas et al 2003)
s Statistical approaches

®m Based on frequency analysis and detection
® Other approaches

m Distance metrics based (Butters 2007)

Extracted
Terms matched o
Part Numbers

Exiacted 5 String Distance . ——»{ Noise Fiter
E Me_l_rics ; fiassEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Official
Parts List

© Fabio Ciravegna, University of Sheffield
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Table Field Extraction

= Tables are an essential part of many documents

®= Most information is represented in tables

= Tables can be represented as forms to fill

® Semantics is fixed

= Wrapper writing or wrapper induction (Kushmerick 1997)

" Tables can be created ad hoc in documents (e.g.
Word docs)

® Semantics is unclear

= Sometimes documents are created as part of a workflow,
therefore they tend to be created using common models

® e.g. by re-using the previously generated document

B hence tables evolve, but still semantics can be traced

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




More complex IE: event modelling

=" Not just NER but also relation among
elements in a document

= More complex task

= Requires some reasoning to bridge the
complexity of events to the ontology structure

B |mprecision in extraction

® Information non matching the ontology schema

" This is where |E has hit a performance celiling

® 60/70 Precision/Recall ratio since 1998

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




A list of tools for automatic

annotation

= Architectures for IE:
= UIMA (http://www.research.iom.com/UIMA/)

s GATE (www.gate.ac.uk)

m Contains Annie: Named Entity Recogniser

= KIM (http://www.ontotext.com/kim/)

" WIT toolbox: http://nlp.shef.ac.uk/wig/tools/)

= Manual and semi-automatic annotation of texts and
images

B AktiveMedia http://www.dcs.shef.ac.uk/~ajay/hitml/cresearch.himl

s TRex: plugin for Machine Learning based |E
http://tyne.shef.ac.uk/t-rex/index.ntmil

= Saxon: rule-based (FST) tool http://nlp.shef.ac.uk/wig/tools/saxon/

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield
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Using IE to support annotation: step 1

User Annotates A leare
Document Annotation
/ Comparison
Bare \
Text
%1 care
Annotates

Arileare

Retrain using errors,
SSSW_QOO8 \ © Fabio Ciravegna, University of Sheffield mISSIng tags and mlStakes

/egﬁa, University of Sheffield

vJ
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A leare
Annotates

Text

&' milcare

Fabio Ciravegna, Alexiei Dingli, Daniela Petrelli and Yorick Wilks: User-System
Cooperation in Document Annotation based on Information Extraction, EKAW 2002

SSSW-2008 ]
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Uses
corrections to
retrain

© Fabio Ciravegna, University of Sheffield




Learning curve

Speaker — Start Time ——End Time ——Location

100 -
90 -
80 -
70 1
60 -
50 -
40 -
30 -
20 1
10 -

F-Measure

O - T T T T T T T T T T T T T T T T T T T T |
VRN PIEIEREEERCPE PP
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Impact on Anhnotation

= University of Karlsruhe experiments
¢ -830% annotation time
¢ +100 inferannotator agreement

m |5 this positivee

o IE accuracy /\
= Qutstanding issue:

® |mpact on annotators of
suggestions topping 85% “
accuracye Amount of annotations

= Annotation needs to be precise
and consistent

m Otherwise the IE system is —

confused ANERNISES. srmual Symposiun
nDate November 6-10, 1997

m Can only annotate document mmm.é:.- (homepage of IDAMAP 99 )

confent E

= With connections to the rest of E

. . . O

the knowledge via information o

3

. infegration
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Graduate ’ L rssubClassOf sfs3udClassOf Academic Staff
v e
mfs:subClassOT™_ _~"rdfs:subClassOf
PhDStudent Lecturer

P R

Information Integration
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Information Integration

® To connect information/knowledge across docs
® Assign unique URI

® To solve discrepancies and ambiguities

= Steps
= Unique instance identification (for entfifies)

® Record linkage (for events)

" Information Integration strategies

= Generic * Statistical matching

® Distance mefrics * Application specific
(Chapman 2004) * Rules

\ Using Web bias
< SSSW-2008 4 9 © Fabio Ciravegna, University of Sheffield

* Facts from different sources need to be integrated
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SimMetrics

" Library of distance metrics released as open source

« http://sourceforge.net/projects/simmetrics/
- >15,000 downloads since end of 2004

Most downloaded distance metrics library on the Web

- for strings and records

Hundreds of applications

Developed by Sam Chapman, University of Sheffield

Download History For SinMetrics

ALl Tine

“

18-N.E. Lincs

7-North East Lincs

19-Yorkshire T
15-Berdyshire 11-Yorkshire

Downloads/month
MB/month

[

13-South Yorks

12-yorksire

16-Yorks B'3-South Yorks 20-Derbyshire

2004-11 = T

2005-05
2005-05 |
2005-11 [
2006-02
2006-05 5
2006-08
2006-11 [
2007-02
2007-05 :
2007-08
2007-11
2008-02 :

9-Yorkshire
14-North Derbyshire
17-North East Lincs

1-Yorkshire)
4-North Derb 1: e [ Downloads [ Bandwidth

aVE,G eeeee ted 2008-04-21 09:04:11 UTC Copyright SourceForge.net

2005-02 ;
=
1
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'Armadillo: Historical Data Mining

Sources

The Marine Society
Registers

The Westminster
Historical Database

Prerogative Court of
Canterbury Wills

The Proceedings of
the Old Bailey

Eighteenth Century
Fire Insurance
Policies

AHDS Deposits

St. Martin’s
Settlement Exams

Index
WESTCAT

Collage image
databse
Guildhall Library

Metropolitan
London in the 1690s
IHR

Selected Criminal
Records
PRO

House of Lords
Journals
BOPCRIS

Harben’s Dictionary
of London

John Strype’s
“Survey...”

http://www.motco.com

http://www.hrionline.ac.uk/armadillo/

© Fabio Ciravegna, University of Sheffield
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Resource: Collection
Old Bailey Proceedings Online

Social Agent:
Person
MName: John Alexander McKenzie

Social Agent Role: Employment
Apprentice

Location: Region
Street
MName: Castle Street

Arts & Humanities

Information Integration

Armadillo: Historical Data Mining

Resource: Collection
Public Record Office

Social Agent:
Person
Name: Alexander McKenzie

Social Agent Role: Employment
Apprentice

Location: Region
Street
Name: Old Castle Street

Resource: Collection

John Rocque’s Survey of London

< SSSW_QOO8 ' © Fabio Ciravegna, University of Sheffield
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Knowledge Sharing and Reuse

e issues in knowledge sharing

e approaches and novel methods to searching, sharing
and reuse knowledge
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Knowledge Sharing and Reuse

" |[n KM mainly means

® Retrieving information and knowledge
m Af the right time

® |n the right form

= E.g.independently from where it is stored
= Oreven the form in which it is stored
= Suitable to the specific users

" e.g. patients should net receive information using technical
terms

= Suitable to specific interests

" | am working on social aspects of SW, not interested in
engineering aspect of SW

® |n an efficient and effective way
= Coping with large scale
= Supporting processes

© Fabio Ciravegna, University of Sheffield




Removals

BYA/CTYBE| ByOperator | ByRegion | ByCause

Engine Removals
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®

[Click on an ontology concept (Ieft) to 2dd search criteria]

Engine: [went 500 for]

SW for Knowledge Sharing and Reuse
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Sharing and Reuse via SW

* Ontology based annotation enables

s Searching using ontologies
m Searching metadata rather than text

® Connection of information across documents,
media and archives

m Retrieving information independently from the store/
media

® Reasoning on knowledge
® Making implicit explicit
= Workflow support

m Supporting user actions rather than single searches

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




Document enrichment

* Adding knowledge to documents (ctd.)

= Document enrichment: helping connecting the
document to the rest of the knowledge
m Associating Services

* Magpie (Dzbor et al. 2004)
m Connected to other documents

" e.g. Automatic generation of hyperlinks
= COHSE (Goble et al. 2001)

© Fabio Ciravegna, University of Sheffield
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B ®
ZA NASA GISS: A Stratospheric "Clock™ to Measure Upper Atmosphere Circulation - Microsoft Internet Explorer provided b magp “ @

File Edit VYiew Favorites Tools Help

GBack v = v (D 4} | ‘Qsearch [GdFavorites media (4| N Sh A - 5 4
Address I@ http: /v, giss.nasa.govresearchfintrofkoch_01/ j @Go | Links >
A Magpie ~ | Dclimatology - .Meteorology '| [—__]Physics |v| Dchemistry -

= T

g

collision of high-energy particles from space with nitrogen
atoms in the atmosphere. Most tracer production occurs
between about 30° 70° [atitude in both hemispheres of the
lower stratosphere, as indicated by the circled regions on the
figure. These tracers, which are borne on aerosol particles,
are removed from the stratosphere by radioactive decay.
While benyllium-7 decays relatively quickly, with a half-life of "

53 days, 19Be's decay rate is negligible. The only sink for

10Be occurs after it enters the troposphere, where the
radionuclides are efficiently removed by precipitation

Therefore, if we look at the ratio of '"Bef/ Be as air rr
from the midlatitude production region to other parns ere——r—————
stratosphere, the ratio will generally increase, as "Be CPDN results analysis

Thus, the 19Be/ Be acts as a "clock” of airmass age.  Backaround reading
Scientific articles

8 &

Altitude (km)
2

|—Stratosphere—|

0

__ March
Explain concept
Relevant parts in 5199

The figure shows the 19Bef Be ratio calculated inthe GISS 2™

general circulation model (GCM) during January and March. 0

In the tropical stratosphere, air rises from the troposphere

and continues to ascend, but exchange with higher latitudes ‘. . v o

is inhibited. The 19Bef Be ratio is very high (white region) Latitude

since slow penetration of air from the mid-latitude production _j—l—[—lj-:l—l—]

region allows much of the "Be to decay. During the early 05 19 15 20 26 30 285 40 48 80 65 €0 65 TO 75 68

northern hemisphere spr_ing, air from the Iower tropical Ratio of '’Be/'Be

stratosphere moves to higher latitudes relatively quickly. The  1og, 7. ratio calcuisted in the GISS e s

result is the green blob of relatively high '°Bef’ Be air at during January and March. Circled areas indicate maximum -l
/&) Done L || |4 internet Y/
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Searching using Sem Web

" Many types of fechnologies

s Search based on structural query languages,
such as SPARQL, see, e.g., ARQ, and

® User-centred search to retrieve ontologies (e.g.
Swoogle [Ding et al. 2004] and Watson [d’'Aquin
et al. 2007])

s User-centred approaches to retrieve information
and knowledge

= We will see the |latter

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




Keywords Based Searching

= KS effectiveness is often affected by two
main issues,
= Ambiguity:
m Keywords can be polysemous, i.e. they can have
mulfiple meanings.
= Search returns spurious documents (low precision)
= Synonymity:

B an object can be identified by mulfiple
equivalent terms

= Search does not return documents containing other
synonyms (low recall)

© Fabio Ciravegna, University of Sheffield




Ontfology-based Search

» Searching metadata rather than texts or
Images
= Onfology enables reasoning

® More flexible than searching using traditional
methods

= Searching fo...

= Retfrieve documents (images/texts/videos/data)

m As replacement of fraditional document
management systems

® Retfrieve information/knowledge

=~ Querying the knowledge (e.g. the triple store)
< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




User Centred Approaches

" By merging the definitions in [uren et al. 2008], [Kaufmann et al.
2007b] and [Baghdev et al. 2008]:

s Keyword-based approaches considering a natural language
query as a bag of words

m [Kaufmann et al. 2007a] [Lei et al., 2006])

= Natural language approaches: modelling the linguistics of
the query

m [Lopez et al. 2005],[Bernstein et al. 2005b], [Kaufmann et al.
2006]

= Graph-based approaches

m [Bernstein et al. 2005a], SEWASIE, Falcon-S.
®= Form-based approaches (e.g. Corese)
= Hybrid approaches

m K-Search [Baghdev et al. 2008])

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




Semantic Search Approaches (1)

= Keyword-based approaches
= Query via keywords

= All the keywords are mapped to Semantic Concepts
= Requirements: feedback on generated query
® |ssues:

m User |lost for words

= What is covered by the ontology?

Semantic Web

=" E.g. SemSearch

Home | Knowledqge Sources | Tools | Ontologies

This search engine searches relevant data from the back-end semantic data repostory extracted by our meta-data
won tool ASDL. User can add a subject to narrow down queres by usng format like "subject: keyword"

[project joha Sementic Search ]




Semantic Search Approaches (2)

" View-based approaches
®= Based on querying by building visual graphs

= Advantages: R

m What covered by ontology is always clear
® |ssues

m Can be fairly rigid and constraining

m Kaufmann et al 2007 report a very high fime required for

querying R p—
AssoCabon grag SVG Vewer rewded o vew Pe pege correct : Lk Adebe 3Y .'
n — TN .
E.g. Falcon (Team as England ) @.\Qucr} \@
— R
\\\].;.mll'l.l.\lrn(.1nn;\/v"Ic.m\lﬁ.x_xln(.xn.u;‘
\
CompetitionGroup
Legand
ok
Fode L Al
e
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Semantic Search Approaches (3)

= A natural language approach
s |Interprets full fledged NL questions
® Requirements:
m Feedback on generated query
® [ssues:
m User lost for words

* What is covered by the ontologye
®m NL can be tricky (linguistic coverage)

= £.g. AQua

© Fabio Ciravegna, University of Sheffield




Semantic Search Approaches (4)

" Form-based approaches

®= The ontology is furned into a form and queries are expressed
by filing conditions into the form

= Advantages:

* What covered by ontology is always clear
m [ssues

= Can be fairly rigid and constraining

CORESE
Search... Corporate Knowledge
G Connect — NoJoin ™ Style sheet [ ]
Team
=lgroupr
Query... s
=
=]
""" ~ group I”
_ =}
Corporate Knowledge
Connect ™ No Join ™ Style sheet [+« =]
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Ontology-based Querying: Issues

* Metadata may cover only partially the user
InNformation needs
® Limitations in the ontology wrt user needs

m Often the use people will do of information is
Impossible to foresee

® | imitations in the annotation capabilities

®m Sometimes Information is impossible to retrieve
reliably using automatic methods

= Metadata unavailable for a specific document

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




An Experiment on Jet Engine Event Reports

= 21 topics of search, e.g.
= "How many events were caused during maintenance in 20032"

= "What events were caused during maintenance in 2003 due to
control unitse”

= ‘Find al | the events associated with damage to acous- fic liners
fol lowing bird strike™

= How many topics can we model with Information
Extraction?

m 2] topics/ 14 topics partially or not covered by IE-
based annotations

" given size of corpus there is no way that manual
annotations are added

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




Issues and Solutfions

" Ontology can be extended
® But increases effort in indexing
m Fquivalent to extending metadata in SDM

® But it is impossible to foresee all uses of
iInformartion

m Ontology will always be insufficient somehow

= Information Extraction can be used to
reduce burden of annotation

® But some parts are irretrievable

< SSSW-2008 4 © Fabio Ciravegna, University of Sheffield




Hybrid Search

» [Bhagdeyv et al 2008] propose a model of searching
combining

= the flexibility of keyword-based retrieval

® querying and reasoning capabilities of semantic search

= HS Is formally defined as:

® the application of semantic (metadata-based) search for
the parts of the user queries

B where metadata is available

® the application of keyword-bases
covered by metadata.

i

= But also it must leave freedom to users
to chose among the two paradigms!

= As we will see users make a
creative use of it

sffield




differently from

QUerleS Iﬂ HYbrld SeOrCh other approaches

(e.g.[9]),1in HS
conditions on

" Any boolean combination of three type g@iﬁaﬁxigt
conditions

| ———

® pure semanfic:

B via unique identification of objects/relations

" e.9. via URIs or unique identifiers
s keyword-based

B matching on the whole document

s keyword-in-context

" e.9. it enables searching for the string "fuel” but only
in the context of all the text portions annotated with
the concept affected-engine-part [14]

© Fabio Ciravegna, University of Sheffield




Example of Hybrid Query

Vx,y.z/

(discoloration y) & (located-on y x) & (component x)

Querying Metadata

& (provenance-text-contains x “blade”)

Keyword in Context Query

& (contains z “trailing edge”) & (document z) & (provenance X z)

Keyword-based Query

© Fabio Ciravegna, University of Sheffield




Implementing HS: Indexing

* Documents are indexed using a standard
keyword-based engine such as SolR

" Facts (e.g. exitracted by an |E system) are
stored in a Knowledge Base

® e.g. a triple store like Sesame?2 in the form of RDF
triples.

" Provenance of facts recorded

s E.g. As friples connecting

m the facts’ URIs and those of the document of origin

m the facts’ URIs and the original strings used in the
documents

rsity of Sheffield
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nd Crowler |Eammd

pages

K-Search: indexing

-

. Indices

Ranked
Documents

Triple store
(annotations)

@ (C)Wine region
@ (Tl United States region #
@ (C) ltalian region
@ (C)French region®
(C) Alsace region &
@JBeauJU\aws region®

@ (C)Bordeaux ragion ®
(C) Margaux region ® n O Ogy
(C) Paulliac region
(C) Sauterne region ®
(C) 5t Emillion region &
% (C)Bourgogne region A
(C) Cotes d'Or region &
(C) Meursault region
@Cmes Chalonnaise reg\un"
@ (T) Loite region®

& () Australian region &

Annotator

<+>
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Implementing HS: Retrieval

" Query is parsed and the different components
(keywords, keywords-in-context and metadataq)
identified

s keyword matches =» tfraditional information retrieval
system

® metadata searches

m Translated intfo a query language like SPARQL

m Sent to a friple store
® keywords-in-context queries

® matched with provenance of annotations in documents
= E.g. Using SPARQL and a triple store

" Finally, results are merged, ranked and displayed

© Fabio Ciravegna, University of Sheffield




K-Search: retrieval

[or]

on’

CHE
’ (optional)
ALL
hascolumnA ’7 (or]

Indices
B 5 3 Triple store

hascolumnB
hascolumnA

¥ hastable
Y table

“ test

KNOW

Available Reports

Triple store

querying

? . Documents

merging and >
ranking

Ranked

—V. Documents:

U
O
O
C
3
D
S
—

y Foneffield
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Result Merging

* Merging keyword and semantic results is not
stfraightforward

s Keyword matching returns an ordered set of URIs
of documents

® g semantic search returns an unordered set of
assertions < subj, rel, obj>

" Merging is a different task if:
= Document Searching
® Refurns documents
= Knowledge Searching

m Returns triples

© Fabio Ciravegna, University of Sheffield




Merging results

" Provenance of friples returns document ids for ‘
triples (URIs) | A

= Document Searching: | won’t mention
ranking here

® Provenance URI set is infersected with URIs of
documents returned by keywords
a |[HybridSearchUriSet= KSDocUriSet (1 OSDocUriSet

Documents Provenance Docs
Returned by KS For triples returned
by OS

© Fabio Cirévegna, University of Sheffield




Merging results

" Provenance of friples returns document ids for
triples (URIs)

= Knowledge Searching | won’t mention
ranking here

® Triples returned by semantic search are filtered 1
remove those whose provenance does not poirnrio

any of the documents returned by the keywords

All triples & 0OSTripleSet

HSTripleSet = ) ) .
here Provenance(triple ) & KSDocUriSet
Documents Provenance Docs
Returned by KS For triples returned

S)VAON

© Fabio Ciravegna, University of Sheffield
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Ranking for Document retrieval

" Effective ranking is extremely important for a
positive user experience

" Different ranking methods are possible
= Document based

m ability to match the keyword-based query
® the keywords used in anchor links

® the document popularity (given by link-based
weights)

= Knowledge Based

" Presence and quality of metadata

© Fabio Ciravegna, University of Sheffield




Expected effect of HS:

Document Searching

= With respect to OS

s Recall expected to increase

® Use of keywords where metadata is missing enables to
answer otherwise impossible queries

® Precision may suffer because of polysemy

= With respect to KS

® Precision and recall expected to increase

= Ambiguity and synonymity are dealt with by semantic
search when available
" Higher recall and precision

B As keywords are combined with metadata in the same query, the

context given by the available metadata helps in disambiguating
keywords as well

" higher precision

© Fabio Ciravegna, University of Sheffield




Expected effect of HS :

Knowledge Searching

" With respect to OS

® Precision increased

more precise queries

= although less precise than the ideal ones

OR

® Recall increased

answer otherwise impossible queries

® Precision may suffer because of polysemy

" With respect to KS

= KS does not cover Knowledge Searching

m Use of keywords where metadata is missing enables

m Use of keywords where metadata is missing enables to

Next slide:

We have
implemented a
version to confirm
our expectation

field




Implementing HS: What Search

Strategye¢

/—’
Semantic Web :
Set N
Home | Knowledqge Sources | Tools | Ontologies

= Keyword-based approaches

= Require translating all the keywords
in order to perform the query

* E.g.SemSearch — G-

= HS implemented by replacing keywords in the query with ¢ Go through this
the ontology when possible while leaving the rest for pure k. gnd next slide

based searching very quickly !!
= Keywords in context rather difficult

" View-based approaches

® Based on querying by building visual grapts — =
m E.9.Falcon ASSOCiaor raph (o e st e 4 g s, Lok S0 e

. //l’um as | n:l;n\d\.r
® HS support by adding two arc types My Te;f«--ﬁ‘-_/ J
* document-contains

* Object description contains 2’3,‘,’;’;,‘,’5 €

leamPlay InGroup /TeamPlay InGroup




Search Strategy (ctd)

= A natural language approach
= £.9. AQua

® HS suported by recognising
expressions like

m “and the document contains...”

m And its description contains

" Form-based approaches

® HS supported by infroducing

m Keyword I(
Search field 210)%%
= Enable keyword N e

aaaaaaaaaaaa

Matching on fields

inguistic Triple it - researchar - akt
fogy Triple. ot £ - resaarchar - akt
researcher - haspeolect-member has-prolectdeader  -akt 0 - |
R |

* Form-based
Implementation of
hybrid search initially
created for Jet Engine
Designers




Putting Everything
Together

An experience in the aerospace domain

80




Annotating Documents

" Automatic extraction of information from event
report

= 18,000 documents analysed

® Mainly Forms implemented in Word IE unable

to cover
" Metadata generated according to an all the
ontology developed by Aberdeen U ontology
= Examples manually annotated by users using with
AktiveMedia sufficient
® Machine Learning + HLT (T-Rex platform) to train the accuracy

system to annotate

= Automatic extraction of metadata and
indexing of documents

© Fabio Ciravegni




Applying information extraction

= AktiveMedia to annotate texts

" TRex system (Jiria et al. 2006) to train and extract

® http://tyne.shef.ac.uk/t-rex/

" |E captures all the information in tables

8 99% of the information captured (recall=99)

s 98% of proposed information is correct (precision=98)

F1

POS ACT CORR |WRONG| MISSED | PREC REC
airport 120 120 120 0 0 100 100 100
has_airframe_cycles 104 104 104 0 0 100 100 100
has_airframe_hours 104 104 104 0 0 100 100 100
has_author 120 120 120 0 0 100 100 100
has_engine_serial_number 120 120 120 0 0 100 100 100
has_engine_type 120 120 120 0 0 100 100 100
has_event_date 120 120 120 0 0 100 100 100
has_event_report_no 356 358 356 2 0 99 100 100
has_part_description_installed 120 113 111 2 9 98 93 95
has_part_description_removed 120 133 120 13 0 90 100 95
has_part_number_installed 120 113 111 2 9 98 93 95
has_part_number_removed 120 133 119 14 1 89 99 94
TOTAL 1644 1658 1625 33 19 98 99 98
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K

MNOW K-Search

* Form-based implementation of hybrid search initially created

for Jet Engine Designers
It enables
* Document querying
* Knowledge querying

* Including quantification of unstructured

information o 1

@ test

Vv hastable
V¥ table

k-now m—r

Available Reports

ALL
hascolumnB: |plah

Pie Chart

AND

hascolumnA: |plahblah

on: 12 Novembl-+Annotation

Event ReportNo. SIA /703 Prepared By:
hascolumnB

EVent Report Data Rolls-Royce p]ochere

FSO

hascolumnA

. Boeing 777-300
WB612 LN184
Event Date: 09-Nov-01 Engine S/N: suz Flight Regime: Hazard Type:
Aircraft Regn:  9V.SYB Installed Posn:  Right Location: 8§ No Hazard
Airframe Hours: [l Engine TSN/CSN: nt Type:

7
_RMR.
of
- htm mm _ozoloommn - r
tecti

7% ® fcoc 7% © front combustion outer case 23% © “fan cowl door, Ih" 15%
tprotection box 7% © vigv 7% © thrustreverser rh c-duct 7%
fle assembly 15% ® "fan cowl door,




K-Search evaluation

" We have performed 2 types of technology
evaluations using K-Search:

®in vifro:

m Effectiveness of annotation and query strategy
with respect to standard KS and OS

= in vivo: testing the system with real users
m 32 users Rolls-Royce engineers

= Evaluation enables verifying suitability for use in a real
environment
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In vifro evaluation

= 21 topics of search, discussed with users, e.Q.
"How many events were caused during maintenance in 2003¢"

"What events were caused during maintenance in 2003 due to
control unitse”

‘Find al | the events associated with damage to acous- tic liners
fol lowing bird strike”

= Queries:

"what events caused during maintenance in 2003 were due to
control unitse”

" Translated info a set of queries in KS, OS and HS

© Fabio Ciravegna, University of Sheffield




K-Search on Event Reports

=" Accuracy in the first 20 hits on a sample of
400 docs

90.0

67.5 -

45.0 . :

22.5 —
0 *Evaluation confirms our

_ Keyw::::‘““ _ RS‘: expectation:

= Higher recall wrt OS and KS$

= Similar results for 50 hits  _ Higher precision wit KS

= Slightly lower precision wrt OS




Final User Evaluation

» Goal: verifying suitability for use in a real
environment

s 32 users Rolls-Royce engineers from different parts of the
company

® 90 minutes of ftest
m Short infroduction

m 3 monitored tasks

" One given (including solution)
= One given (no solution)
" One free task

s Availability of system on intranet for the following period

" Evaluation: video recording, interview + log analysis
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Evaluation Questions

" Do user understand the hybrid paradigm®e
" Are they able to search using HS?

" Do they actually use HS when confronted
with a real searching task?

* Would the users be willing to use the system
for their everyday work?

rsity of Sheffield
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Liked by the userse

B Accuracy
B Easy of Use
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18 28
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Liked by Users?

" Finalist of Rolls-Royce Director’s Creativity Award
2007

s Voted by employes for its innovation potential

k-Nnow
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Liked by Users?

= Support to the design of new jet engine

= Porting to 9 Information Sources
= 2008-2009 |

= Carried out by: %’.‘ ______ . _’j}\ el i
_ e

m 50% University

m 50% k-now Itd (university spinout-company)

" Funds requested to UK Government for use of
K-Tools for use in manufacturing

k-Nnow
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Conclusions

" Document annotation can be performed at
different levels

= Ontology-based, braindump, document
enrichment

» User centred automated ontology-based
annotation

® For trusted self contained documents (e.g. KM)
m AktiveMedia

» Automated means of capturing knowledge

s Several Tasks
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Conclusions

* Sharing and Reuse

® We have seen
B Document Enrichment

B Semantic Search
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Future Work & Challenges

* Multidisciplinary research for automation

s NLP has strong role, but complemented with
other disciplines

= SE, ML, I, SWS, HCI

= Annotation

= Beyond the division between user centred and
unsupervised

m Strong HCI strategies

= Validation of results across documents

= How can you validate 2M ftriples produced by
large scale annotatione

© Fabio Ciravegna, University of Sheffield
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Future Work & Challenges (2)

* How modelling uncertainty?
* Knowledge is dynamic. How do you model thate

= HCI
s Information presentation (document annotation)
m |ntrusivity:
* How to avoid annoying users with too many annotations

m Trust

= Who do users fruste
» Tracing preferred sources

" Where does the information come from? '

= Scalability
= Large scale indexing systems
m Millions of pages (not billions!)
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Conclusions and Future Work

" The Semantic WEB offers potentially key
technologies 1o the development of future
knowledge Management and the Web

® More Web than Semantics, but:

m A little semantics goes a long way (J. Hendler)

" The potential must be exploited addressing real
world requirements

= Rather than in principle Al-oriented requirements (e.g. closed
world, small scale, etc.)

= Stfrong application pull can be obtained

®= Do not sell slogans, sell ideas and applications!

5




A final thought

" These technologies allow easy collection of
*very* large amount of information/knowledge

" Are we.

® Preparing for a better Web/better worlde
® Preparing for a world with no privacy?
m Big brother

" Spam The Karen Spark-Jones slide

® |denftity theft

= Just adding hay to the haystack while searching for @
needle?¢

® Drowning in triples while trying to avoid drowning in

o
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Thank You

=" Contact Information

® www.dcs.shef.ac.uk/~fabio

® fabio@dcs.shef.ac.uk

'Y L]
| | n -I- I n -I- W | n I | o Home People Research Tools Contact
tel:+44(0)114-22.21940, Natural Language Processing Group, Department of Computer Science, University of Sheffield
fonieO) 116222180

= hitp://nlp.shef.ac.uk/wig/

= NLP Sheffield
® hitp://nip.shef.ac.uk/

= University of Sheffield

= www.shef.ac.uk

( SsSW-2008

web intelligence technologies lab

fabio ciravegna

my home page
my research
publications
projects

curriculum vitae
highlights and news
teaching

contacts

professor of language and knowledge technologies eArchaeology: new project
x-media director funded by AHRC + EPSRC

approved! In collaboration
web intelligence technologies lab, with the University of York,

university of sheffield

web intelligence technologies

regent court,
211 portobello street,
sheffield, S1 4DP,

grants news

X-Media

IP project starting in March 2006.
X-Media is coordinated by our
group. With a budget topping
€13m, it is one of the largest
projects funded in the area of IST
knowledge and content

(abio@ccs snet s welcome
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We do research on, and provide applications of, Intelligent Technologies for
tomorrow's Web, with a particular focus on their use for Knowledge
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