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The Web is mankind’s largest
repository of knowledge ...

... but knowledge isn’t something
that can be “put in a container and
then used as the need arises”.

Knowledge is constructed in

learning activities.

Knowledge, (“in people‘'s minds") is created by
interaction with the environment

(e.g., Neisser, 1967)

Schema
changes guides
Environment Exploration
selects

Knowledge, (codified) is part of the environment;

Learning accesses this knowledge (e.g., Nonaka, 1991)
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Approaches to the current Web's biggest challenges:
lots of data, human-understandable

Web Mining
extracts implicit
knowledge

Semantic Web Mining

« use semantics to
improve mining
* use mining results to

generate semantics

The Semantic Web
makes knowledge
machine-

Explicit understandable
. . [Berendt, Hotho, & Stumme, Proc. ISWC 2002]
Learning by Doing [-“- (Eds.), Proc. WS Semantic Web Mining at ECML/PKDD 2001 and 2002]
[Berendt, Hotho, Mladenic, van Someren, Spiliopoulou, Stumme (Eds.),
Web Mining: From Web to Semantic Web, 2004]
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Extracting semantics from Web content & structure

—ideas and examples

Using syntactic structure, semi-automatically learn
= Ontologies (build or extend Yahoo-like taxonomies; Web-scale

example KnowltAll: ... such as ...“, see Etzioni et al. 2004)
= Instances of concepts and relations in a given ontology (ontology
population)

e Technique: Information extraction
e From textual information including tables
— Krétky, Andrt, & Svéatek
e From visual information including text layout
— Burget; Gatterbauer, Kriipl, Holzinger, & Herzog; Hassan &
Baumgartner; Labsky, Vacura, & Praks
e From structure (hyperlinks) PS: This is just my understanding

— Frivolt & Bielikova of your papers —
please send me email

= Interactive learning if you find I've missed something!

e Ceresna; Schindler, Arya, Rath, & Slany
= Re-using existing conceptualizations
o Svihla & Jelinek
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Web Mining

Semantic Web

Exploiting semantics for textual Web resources

—ideas and examples

Allowing expert users to contribute ontologies for semantics-
enhanced |IE

e Schindler, Arya, Rath, & Slany

Using ontologies to build templates for the composition of Web
services

e Svatek & Vacura
Use ontologies as additional structure on the tokens in a text to

e disambiguate meaning (e.g., word sense disambiguation: Navigli &
Velardi, 2005)

reveal additional structure (e.g., clustering: Hotho, 2004)

e help in the discovery of new ontological structures, or in instance learning
(e.g., Navigli & Velardi, 2005; Hotho, 2004; KDD Cup 2005)

R. Navigli & P. Velardi. i b: to word
sense disambiguation. IEEE Transactions on Pattern Analysls and Machine Intelllgence (27-7), 2005.
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WordNet 2.0 Search
Seachword [ [

Overview for "bus"

The moun "bus” has 4 senses in WordNet.

1. b, autebus, coach, charshane, double-decker, janey, motorbus, motorcoach, sennibus - (a vehicle earrying many passergers; used
for pablic tramsport; "he abways rode the bus o work®)

2. bus tepology, bus -« {the topology of 3 network whose components are comected by n busbar)

3. bushas, s - {mm clestrical condustor that makes a comnwn connection between several crcuits; "the busbar in this computer can
transznit data esther way between any twe components of the systen”)

4, touis, jalopy, beap — (a car that is o} and unreliable; “the fenders bad fallen off that o biss”)

ooy eiemdty wamawTsegny B of senses [
B Show glosses

I~ Show contextusl help

St |

The verb “bus® has 3 senses in WordSet,
SO [ ]

|
Le

WordNet 2.0 Search
Searchweed: [ |indiesian i

Overview for "bus”

jtney, motorbus, motorcoach, smmibus -- (a vehicle carrying many passcugers; ussd

1e commponents are connected by  bushas)

3 eommen conmeetion between several cireuits; the bushar in this computer ean
s of the system”) -
ls; “the fenders had Fallen off that ol bus")

|
Le

Basic idea: Graphs induced by WordNet + domain labels for synsets v
+ cooccurrence information from annotated corpora + collocations
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Using SSI for
word sense disambiguation
(“The driver turned on his heel
and went back to the truck.”)
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= prepam. progrEnme. conspulsr progrmn, compaler programmms - ((conspulsr saence) a sequence of mstrictions that a comptcal

HAS PART: reutine, subrousine, sbprogram, procedare, Runction — {3 set sequence of sieps, part of larger compuler program)
HAS PART: mstruction, conmand, statement, program line - ([ computer science) 3 line of code written a5 pant of 3 computer |

== software, software system, software packgs, package -» ((computer science) written programs er procedures or rules and nss-
== cods, computer code - ({somputer scienes) the symbolic srangement of data or mstnictions in a computer program or the

= sodig systean - (a system of signals uved bo represer lefters or mmbers in tramstting messages)
= vriting - (Jetters or symbols written o inprinied en 8 sarface {0 represent ihe sounds or werds of a linguage; "he fun
=0 written communication, wiitten language - (communication by means of written symbaols)
HAS PART: lea, folio -- (a shiest of mny writhen o pristed msterial (especially in n manascript or book))

Seme §
driver, mumber sne wood - (3 galf club (s wood) with a near vertical fice thst is used for hitting long shots from the tee)
== veoed = (a golf chab with » lang shaft used to hit boag shots; originally made with & wooden head; metal woods are now availsble)
<= golf club, golf-chub, ehub - (golf equipment used by a golfer to bt a golf ball
HAS PART: goli-chub bead, chb bead, chab-head, =luh|n|d i(gell) the head of the chib which ssiles the ball)
HAS PART: fce - (ihe strking o working susface of mn insplement)
HAS PART: [ - {{golf) the part of the chibhead where it joins the shafi)
HAS PART: sole -~ ithe underside of footwear or n golfchub)
HAS PART: shank, waist - (the narrow past of the shoe comecting the heel and the wide part of the sele)
HAS PART: fos — ((golf) the part of a chublscad farthest from the shaft)
== whole, whele thing, unit - (an asscmblage of parts that is regarded as 2 single extity: "how big is that part conp
HAS PART: past, portion -« (somethireg bess than the whole of a buman artifact; “the rear part of the house®; "5
HAS PART: section, scgment - (o of several parts or picces that it with others to constinste a whobe sbject,

Rectum to overview for driver




SSI for ontology learning

1. Extract pertinent domain terminology:

= Simple and multiword expressions that
consistently occur in domain-related corpora
and are not found in other domains (e.g.,
packet switching network)

2. Web search of available NL definitions

from glossaries or documents § o PP NPSER

Dl
131 NOUN
MODI —» Verb | Adj | Verb <" MODI | Adj - MODI
NOUNT —» Nown

Aj

3. Use context-free grammar to

1. filter out non-relevant definitions,
based on statistical domain model

Ay
P -0 *.1 1| Prep | Virb | Wh
PP+ Prep NP

2. parse definitions to extract kind-of
information

4. Arrange terms in hierarchical trees

artifical language: ]
monosemous in WordNet (3Nl Iaguage
pogranming bagege, )"\

computer_Lan, / A

temporary or permanent
termination: does not exist in
WordNet

termination: need to apply

WSD (#1: end of a time span, empacary. o
#2: expiration of a contract) i
= use terms that occur in the e

subtree and have a lexical
correspondent in WordNet

> F faslure
5. Link sub-hierarchies to the concepts of a core
ontology (general-purpose: WordNet)
6. Provide the output to domain specialists for
evaluation and refinement
21 22
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p3ee24304.dip. t-dialin.ne*
[19/Mar/2002:12:03:51 +010C Under-
/search.html?t=jane%20auste stand
3785&ord=asc HTTP/1.0™ 200
(Semantic) Web Semantic Web p2ee2a304 Sip Ladiglin net

[19/Mar/2002:12:05:06 +010C_
ane%20austen&m=vide
=desc HTTP/1.0" 200

0&S1D=023785&0r"
8450
p3ee24304.dip.-t-dialin_net - -
[19/Mar/2002:12:06:41 +0100] "GET
/view.asp?id=3456&S1D=023785
HTTP/1.0" 200 3478

Application: Search in knowledge portals
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by ergarsater,
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Ontology-based modelling of behaviour:

URLs and application events

URL

\

A site model Af -

—  Web page with content

Definition 24.3.

af a servi

(8.0 Ps]|. Pe
S, ar content ontalegy O, and optionally tuples Ds and/or
Dy consisting of the service/content information dimensions.

) ix @ tuple consisting
e ontels

Berendt, B., Stumme, G, &
Definition 24.3.2 An stomic application event for o site model 1S
(8,C[, Ds||. Do) ds a mple A4 [ 8.07) consisting af (1) 5, the
concept ar relation from the service anfelo;

service: a

H. Kargupta, A. Joshi, K.

or (if and only i D is present
in M) @ tuple whase components are conceprs/relations from S describing the
Challenges and Future
Directions. Menlo Park, CA:
AAAI/MIT Press.

service alonyg the dimensions of Dg, and (20 C, the content: a concept or rela-
téon frow the content ontalegy C, or G and anly if Dy i present in M) oa tuple
whose components are concepisrelations from O describing the service along
the dimensions of T,
Definition 24.3.3 A complex application event CAE is a nonempty (1) set, (2)
sequence (e, order relation), or (3) another sequential structire (o regular
expression, a context-free grammar, ..., whose elements are atomic applica-
ficwt events.
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Hotho, A. (2004). Usage mining
for and on the Semantic Web. In

Sivakumar, & Y. Yesha (Eds.),
Data Mining: Next Generation




Semantics of requests

Semantics of requests
Step 2: Modelling requests as atomic application events

Step 1: Domain ontology
« community portal
ka2portal.aifb.uni-karlsruhe.de

< ontology-based:
Knowledge base in F-Logic

Static pages: annotations

Dynamic pages: generated
from queries & KB

Queries also in F-Logic

Logs contain these queries

[Oberle, Berendt, Hotho, & Gonzalez, Proc. AWIC 2003]

RESEARCHER
PERSON
PROJECT
PUBLICATION

An example query with concepts and relations:

FORALL N,PEOPLE <-PEOPLE:

RESEARCHTOPIC Employee[affiliation->> "http:/www.anInstitute.org"]
EVENT and PEOPLE:Person[lastName->>N].

ORGANIZATION
RESEARCHINTEREST
LASTNAME

TITLE

ISABOUT

EVENTS Query =

EVENTTITLE feature vector of concepts + relations
WORKSATPROJECT .
AUTHOR > C“J.St?"ngv
AFFILIATION Association rules,
ISWORKEDONBY : Classification, ...
PrROGRAMCOMMITTEE | SESSIoN =

EMPLOYS feature vector of concepts + relations,

NAME summed over all queries in the session
RESEARCHGROUPS

EMAIL

Semantics of sequences

Step 3: Using ontologies of behaviour for info. Extraction —
Modelling sequences as composite application events

Composite application events - Example customer typology

= Based on background theory from marketing: the customer
buying cycle

= Modelled in terms of regular expressions and employed in
Web usage mining

m Example:
knowledge builders
(as opposed to, e.g., r—— fhas
direct buyers) gﬂmkgmund Inl/ot.u_n:n’-o’n—';’}ou InFormohorO
Contact

[Moe, Journal of Consumer Psychology, 2002]
[Spiliopoulou, Pohle, and Teltzrow, Proc. Wirtschaftsinformatik 2002]

2. Semantics of sequences

for Step 3: an interactive tool with a query language

select t

from node a b, template a * b as t
where a.url startswith "SEITE1-"
and a.occurrence = 1

and b.url contains "1SCHULE™

and b.occurrence = 1

and (b.support / a.support) >= 0.2

L -0
L/SEITER-LASAU-CEET] b = LA1SCHUL
e —

ITEn-LASAL

Tool: www.hypknowsys.de; Data: [Berendt & Spiliopoulou, VLDB Journal, 2000]

Semantics of sequences

Step 4: Pattern discovery / instance learning

Semantics of sequences
Step 5: Pattern evaluation

An ontology of composite
application events (CAES)

e Define templates as regular
expressions

affiliationSearch’ opicSearch;
629 312

repetition, refinement;
402 113

individual, repetition,
112 295

— of atomic application
events

— of transitions (between
atomic application
events)

Ex. [.search .* individual]

e Discover instances by
learning a CAE trie

[Berendt & Spiliopoulou, VLDB Journal, 2000]
[Berendt, Data Mining and Knowledge Discovery, 2002]

Use pattern statistics to
e derive descriptive measures of CAEs
— support, confidence
— popularity, effectiveness, efficiency

e apply inferential statistics to compare CAEs

[Berendt, Data Mining and Knowledge Discovery, 2002]




Communication — Visual data mining

Step 6: Mapping an ontological relation over concepts
to alinear order; mapping to visual variables

Concreteness
Goal:
Individual
page

Reach goal

Search with
more
constraints

Refine search

First
search
page

Remain unspecific
Abandon search

Time

Communication — Visual data mining
Step 6 — Example

Search criterion location Search criterion textual property

concreteness concreteness
Individual
page 4 4 ,
Searc 3 /)
with x
para™§y 2 2
meter.

1 =

Entry page

I | | | I | |
stepl stepl stepd stepd stepS

| |
stepl step? stepd stepd steps

[Berendt, Data Mining and Knowledge Discovery, 2002], [Berendt, Postproc. WebKDD 2001]

Communication — Visual data mining

Step 7: Visual abstraction = new semantic patterns

Binary transitions

Cyclic behaviour

*=__-Patterns of leaving

Data:see [Berendt, Glinther, & Spiekermann, Communications of the ACM,2005]

Step 8:
Semantic Abstraction
= Detail & context

wo L w3 s Fegeenc? tes

[Berendt, Proc. WebKDD 2005]

Case study: Information search in a medical portal*

alphabetical search: hub-and-spoke

— linguistic relations only (6.4%)
-

[T

/ ~ [cmi] :\_u:[mx
) o (e Cere '

[oaama] |

R (i)

|
T BRI
diagnoses serve as "hubs" { *
for navigation (5.3%, 4%) | B ERGRE

DL DVAGNGEE

O Clachimt

localisation search: linear /

depth-first — search refinement
& medical knowledge (5%)

* (20333 requests / 1397 sessions from Web log collected in 2001/2002;
preprocessing: mining in concept space, see paper in proceedings)
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Web Mining
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Knowledge contributions: Data and metadata

®
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. Application: Knowledge construction for educational
| portals / Digital Libraries

Dissertation Markup Language DiML

http://fedoc.hu-berlin.de/diml/dtd/xdiml.dtd

<IELEMENT citation S{SPCDATA_ | email | url | note | workauthor | worktitle | articletitle | serialtitle |
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id ID #IMPLIED>

Authoring support for document servers

Consequences of metadata neglect

= Surveys (ca. 2500 persons; 12-14% response rate) & Web usage
mining (ca. 11000 sessions) showed:

e Metadata creation is one of the main barriers for contribution.
m Reasons include deficiencies in
e information flow ERANEIKETNG
nderstanding an: f str I rch ) .
e understanding and use of structured searc ) Education
e education in structured writing )

e HCl aspects

Intelligent Authoring Tools

[Berendt, Brenstein, Li, & Wendland, Proc. ETD 2003]
[Berendt, Proc. AAAI Spring Symposium KCVC, 2005]
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Why is this a ardona & Marx, Physik Journal 2004] System architecture
problem? = e
citeseer I
paratools I
TTT I
n der Ziti der beid
-mm:.l:;w aTm], Atle
ianten, die sich den Arbeiten
lnssen wurden beriicksichtigt.
Statt einer Arbeit von 1854, in der Rudoll
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andere Arbeit von 1847 lilschlicherwelse 4
hSufiger ritier.
FETEE ALt s et gitiert wurde und Cline Gl W eng
[Berendt, in Neues Handbuch Hochschullehre, 2003] cpeiehen Unter den info. sources
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Usage interface Information extraction:

Reference parsing with 3 tools

P .ar uk/researcal i Lash/Moby/

1. ¥aru, B. Structural Hedeling oF Metwsrk Systess in
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and Practics of Knowledge Diwcovery in Databases (pe 180-191) iy * Haerd =
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Paratools-Zitations-Parsing

http://paracite.eprints.org

A database of templates of the form
'_AUTHORS_ (_YEAR_). _TITLE_.
_PUBLICATION_, VOLUME_(_ISSUE_): _PAGES_"
each _XXX_is associated with a regular expression
= Ex.: _YEAR_ = ([[:digit:]]{4})
2 weighting factors

= reliability: how “syntactically fixed" is a regular expression? OUtI O 0 k 1 D I Vers I ty

Ex.: _URL_> TITLE . H
o B SR TR (or: Web space and real-life spaces)
= concreteness = number of fixed symbols
e Ex..'_AUTHORS_,_PUBLICATION_, in press' >'_AUTHORS_, _PUBLICATION_'
Templates are matched against the reference.

Choose the templiate with the highest reliability, or (if these are equal) with the
highest concreteness.




Which diagnosis is that?

Request frequency for a specific diagnosis in the investigated eHealth
portal, depending on time and request language

S
[
1

[Yihune, 2003]

Hypotheses: search preferences

Search engine u little context = Low context

'7| = Low Uncertainty Avoidance

= fast information access = Short-Term oriented
Search
= no hierarchies = Low Power Distance

Alphabetically organized = large hierarchies
links

= High Power Distance

A B
E 1+

= High context
= High Uncertainty Avoidance
= Long-Term oriented

Content-organized links ™ highest amount of
(context) information

= more time-consuming
information access
m large hierarchies

= High Power Distance

(Kralisch & Berendt, Proc. IWIPS 2004)

Search behaviour: sample results

UA — Uncertainty Avoidance
Cont — Context Specifity
LTO — Long-Term Orientation

1. Which search options were used?

O Expected results
[ Unexpected results
« all results significant (p<0.001)

PD — Power Distance

search engine: content-organized links:

54%
50% a9%
8%
30% 30% 30% 50% - 7% a7% ar%
30% 12%% o 5%
25% 24% 40%
21%

20% 20%
15%

20%
10%
5% 10%
0% 0%

LTO PD (0] PD

4
UA Cont UA Cont LT

Interactions between language and domain knowledge

expected: ‘search ogtion Characterstics. L1 users LZ users

languiags nequin
s

tamnakogical

Kncrwhiger
Search ergre productive  exlensive
Afphabeircal search

HI
Conlnl omasicerd recopti: it e
saranch
observed:  g.chagiin L4 s with 12 users with

HighDK.  LowDK  High DK Low DK

Search engine
Afhstancal
asich

Cantent-apanized

S I .

Kralisch & Berendt, New Review of Hypermedia and Multimedia, in press)
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Outlook 2: Community

bibster.semanticweb.org

— Definition 1 A user profile is @ stwene PR
(E.Q. K. W, 1) consisting of
& the expertise description .,
" e aserof wecent queries O,

= aset of recent relevant instances I,

v astrcre W which defines the weights for the similarity
Siwnction,

- Recommendations based on items* semantics and their
. ... similarity to the user‘s expertise = measured by
T previous externalisations (content of personal

o database)

... similarity to relevant items =» measured by
previous internalisations (answers to a query) and
combinations (addition to the personal database)

== | Haase, Ehrig, Hotho, & Schnizler, 2004




www.bibserv.org
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Outlook 3: Fun!

|
1:10  The ESP Game 0000 1:10  The ESP Game 0000
The ESP Game
irelppeivetli i i o e o s _nm | Vot s¥ o
b e e
e |
59 60

The ESP Game

e ]

e | -

TAEOOS

?
Outlook 4: Share the initiative —

automated Web service search

and composition for SWM
?

10
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Thank you for your attention!
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