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Today’s Web
S

e Most of today’s Web content is suitable for

- Even Web content that is generated automatically from
databases is usually presented without the original
structural information found in databases

e Typical Web uses today people’s

- seeking and making use of information, searching for and
getting in touch with other people, reviewing catalogs of
online stores and ordering products by filling out forms
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Keyword-Based Search Engines
-

e Current Web activities are not particularly
well supported by software tools

— Except for (e.g.
Google, AltaVista, Yahoo)

e The Web would not have been the huge
success it was, were it not for search engines
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Problems of Keyword-Based
Search Engines

High recall, low precision.

_ow or no recall

Results are highly sensitive to vocabulary
Results are single Web pages

Human involvement is necessary to interpret
and combine results

Results of Web searches are not readily
accessible by other software tools
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The Key Problem of Today’'s Web
-

e The meaning of Web content is not machine-
accessible:

e It is simply difficult to distinguish the meaning
between these two sentences:

| am a professor of computer science.

| am a professor of computer science,
you may think. Well, . . .
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The Semantic Web Approach
S

e Represent Web content in a form that Is
more easily machine-processable.

e Use intelligent techniques to take advantage
of these representations.

e The Semantic Web will gradually evolve out
of the existing Web, it Is not a competition to
the current WWW
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The Semantic Web Impact —
Knowledge Management

e Knowledge management concerns itself with
acquiring, accessing, and maintaining knowledge
within an organization

e Key activity of large businesses: internal knowledge
as an intellectual asset

e Itis particularly important for international,
geographically dispersed organizations

e Most information is currently available in a weakly
structured form (e.g. text, audio, video)
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Limitations of Current Knowledge
Management Technologies

e Searching information
- Keyword-based search engines

e Extracting information

- human involvement necessary for browsing, retrieving,
Interpreting, combining

e Maintaining information
— Inconsistencies in terminology, outdated information.

e Viewing information
- Impossible to define views on Web knowledge
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Semantic Web Enabled Knowledge
Management

Knowledge will be organized in conceptual spaces
according to its meaning.

Automated tools for maintenance and knowledge
discovery

Semantic query answering
Query answering over several documents

Defining who may view certain parts of information
(even parts of documents) will be possible.
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The Semantic Web Impact —
B2C Electronic Commmerce

e A typical scenario: user visits one or several
online shops, browses their offers, selects
and orders products.

e |deally humans would visit all, or all major
online stores; but too time consuming

P are a useful tool
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Limitations of Shopbots
S

e They rely on wrappers: extensive
programming required

e \Wrappers need to be reprogrammed when
an online store changes its outfit

e \Wrappers extract information based on
textual analysis

— Error-prone
- Limited information extracted
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Semantic Web Enabled B2C
Electronic Commerce

e Software agents that can interpret the
product information and the terms of service.

— Pricing and product information, delivery and
privacy policies will be interpreted and compared
to the user requirements.

e Information about the reputation of shops

e Sophisticated shopping agents will be able to
conduct automated negotiations
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The Semantic Web Impact —
B2B Electronic Commerce

e Greatest economic promise

e Currently relies mostly on EDI
- Isolated technology, understood only by experts
— Difficult to program and maintain, error-prone
- Each B2B communication requires separate
programming
e \Web appears to be perfect infrastructure
- But B2B not well supported by Web standards
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Semantic Web Enabled B2B Electronic
Commerce

e Businesses enter partnerships without much
overhead

e Differences in terminology will be resolved using
standard abstract domain models

e Data will be interchanged using translation services.

e Auctioning, negotiations, and drafting contracts will
be carried out automatically (or semi-automatically)
by software agents
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Semantic Web Technologies

o]
e Explicit Metadata

e Ontologies
e Logic and Inference
e Agents
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On HTML
<

e \Web content is currently formatted for human
readers rather than programs

e HTML is the predominant language in which
Web pages are written (directly or using
tools)

e Vocabulary describes presentation
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An HTML Example
-

<h1>Agilitas Physiotherapy Centre</h1>

Welcome to the home page of the Agilitas Physiotherapy Centre. Do
you feel pain? Have you had an injury? Let our staff Lisa Davenport,
Kelly Townsend (our lovely secretary) and Steve Matthews take care
of your body and soul.

<h2>Consultation hours</h2>

Mon 1lam - 7pm<br>

Tue 1lam - 7pm<br>

Wed 3pm - 7pm<br>

Thu 11lam - 7pm<br>

Fri 11am - 3pm<p>

But note that we do not offer consultation during the weeks of the
<a href=". . .">State Of Origin</a> games.
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Problems with HTML
« /0007

e Humans have no problem with this

e Machines (software agents) do:
- How distinguish therapists from the secretary,
- How determine exact consultation hours

- They would have to follow the link to the State Of
Origin games to find when they take place.
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A Better Representation
S

<company>
<treatmentOffered>Physiotherapy</treatmentOffered>

<companyName>Agilitas Physiotherapy
Centre</companyName>

<staff>
<therapist>Lisa Davenport</therapist>
<therapist>Steve Matthews</therapist>
<secretary>Kelly Townsend</secretary>
</staff>
</company>
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Explicit Metadata
-

e This representation is far more easily
processable by machines

- Metadata capture part of the meaning of data

e Semantic Web does not rely on text-based
manipulation, but rather on machine-
processable metadata
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What are(n’t) meta data good for?
e Consider a typical web page:

hittp:Af
Www2002 org

HAWAII

Confarence
Proceedings

Call for
Participation
Program

Registraticn
Infarmation

Haotel
Aceommadation

Conference
Committer

Sponsorshipl
Exhibition
Opportunities

Valuntesr
Infarmation

Inﬁ:m'.liﬁnn
about Hawall

Provious & Future

WWW Coanfarancas

THE ELEVENTH INTERNATIONAL
WORLD WIDE WEB CONFERENCE

Sheraton Walkiki Hotel
Honoluly, Hawail, USA
7-11 May 2002

1 LOCATION, 5 DAYS, LEARN, INTERACT.

Registered participants coming from:

o Rustralia - Canada - Chile - Denmark - France - Germany - Ghana - Hong Kang ¢ india - taly - Irefand - Japan - Malta - New Zealand - The

Netherands - Norway - Singapore - Switzerand - The United States - Vietnam - Zambla

REGISTER HOW

On 7-11 May 2002, Hongduld, Hawaii will previde the backdrop for The Eleventh Internationat World Wide Wab Confarence. This

prestigious series of the Intermational World Wide Web Conference Committes (M3C?) atiracts participants from around the workd, and
t provides a pubhic forum for the World Wide Web Censortium (W3C) through the annual W3C track

Tha corferance is being erganized by the International Worid Wide Web Conference Committos (AT the University of Hawsil and
the Pacilic Talscommunicabions Councl (FTC)

FEATURED SPEAKERS (CONFIRMED)

Tim Bermers-Lea. inventor of the Warld Wids Web
and Director of the W3t wha naw halds the 3Com
Foaunders char at the Labaoratary for Com putes
Science (LC3) &t the Massachusets instbute of
Technoiagy (MIT).

1 g [,
an Fostar sy of "3nid Compging” agencite w\j m{:{“’a'p-“" Urﬂﬂhllrf'rhﬁ Winnar,
- & . e ¢ ek # W el g

Richa & Demiia, vics presiant and chisf
tachnalogy officer far Hewlet-Fackard Company.
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e Markup consists of:

— rendering
information (e.q.,
font size and
colour)

— Hyper-links to
related content

e Semantic content is
accessible to humans
but not (easily) to
computers...

A Semantic Web Primer



What tnformation can we see...

WWWwW2002

The eleventh international world wide web conference
- Sheraton waikiki hotel

Honolulu, hawaii, USA

7-11 may 2002

1 location 5 days learn interact

Registered participants coming from

australia, canada, chile denmark, france, germany, ghana, hong kong,
india, ireland, italy, japan, malta, new zealand, the netherlands,

norway, singapore, switzerland, the united kingdom, the united states,
vietham, zaire

Register now

On the 7" May Honolulu will provide the backdrop of the eleventh
International world wide web conference. This prestigious event ...

Speakers confirmed

Tim berners-lee

Tim is the well known inventor of the Web, ...
lan Foster

lan is the pioneer of the Grid, the next generation internet ...
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What Information can a machine
see...

¢¢¢BECCB

o oM <MEés XEONOESEX[OmMTce <[ oxo .
“homenonap o o

M OSSOOImM +ISH&SHES X wOem e

POMCOGOP = NToeSoHKHA= TéY

mAr~rv OSSH BB

r~ eOmnssexOm AG5Ale N SOm XM OSSN é

M Yo XM OM L2 OSsOeXpHOSsmes MHOOKEMY, xO0OO0

SO ¢50KS1 HOMISLToax haxel] LN EOSO& = XOSSEpN =
W OOSHRAEE YoMSSEIsas OmYe &OmVprr XELXISA
XOMeTSHaE XeSeRNE eroOdCHE QSeéSsSas Hle BN TSOSHA
2N mEMexmMmOeSSHLyE BOO«SRAE +XBYVSSOOON -
o X OEMOOTSHLA 4200 OEXON L &SHELL[OM 4220 emxeme
OSSO ¢ SHN 6MSSOA» FISHONM

M Yo XeomMO mOe

HE e & A PONC0eed +xee OO} LN, e2:1
SH&oO000 Ox* emm OQ%“‘WLIO”“ Xxmem omsséexOOmsse <[
XN M4 rmn-%mclm-rrp 22X OON XYoo XO@ MeMmue O

éOMSs&HM e MOmMAKOOM 2

XOQ moOmmde«chemm

FHO He 22N eMoee &EOOm XESN EMOOO Ox* 0 ¢Mée= ©

%oom @D.ng

%oom e OXOmM MO Ox* éx0M 40X 622 ENXe
m»lrrLEI& Om xméemOmnme O

Chapter 1 A Semantic Web Primer



: L markup with
“meaningful” tags?

<name> ¢¢$BC0R

goalll, Mem<mmes: XmemomssexOmsse <006 oxa N Mnom
</name>

<location> éxxMOSeOm +SBHEHEH xOeMe

POmOe 0@ = :uS+SH¥ 68 </location>

<date> aahr=r> 0sH BOMR </date>

<slogan>r> eOmséxOm 2o5Ae oM SOm XmemOSsNpe</slogan>

<participants> & YeXeom oML OSOEXMHHOSEes WHOOKEY, OO0
S¢S0 S= INYSMISLTSA=  hanxell|, LM BOSOA&L = XOSHIpN o
VW OOSEAR YpimGlDa ORY &ORY@ XBLXSam XONesmad
HOSORAE erSOMEE QSe4Isas Hle HN SOSHLA 200
AN éiMOeSHLym BMOOSHEE +HEVSOOOMN D XXM O0SHL
O, SMHOML &HMHAOOMm 2N SEXON L2 145N ¢
SHM OWMSO  BSHAM,  </participants>

<introduction> &M YeX«oM O mOe

Rl e &% ¢SHE fORCG0S +Xee DOOOX LN e
@%@&DDD Ox  é221, o&o:orrLIOx Xmen OmssexOmsse <[OJe
oM em& MmOmMONM EN gaxe OONM XV XOGs MSMEe 6

ONsS&Mae mOmaxagome </introduction>
<speaker> X0 QmoOmnmd«chemm </speaker>

<DIO> %XQ ¢ eI eMee &EO+m XESNEOOOd O e ¢MOY=
</bio>...
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But What About...

<conf> ¢¢¢RCICE

2N, Mmenmesmmex: XmenOmseX[OmIse <[00 «x2) <N QnpOm
</conf>

<place> MOS0 +SHEHEH Oeme

pOmOe e mTSesH¥rm +6¥ </place>

<date> smahr~r> OSH BCE </date>

<slogan>r—~7 edOm<éXOm assAe o sOm Xmemassme </slogan>

<participants> o oXeom Om L OSOXpXOSHEs MHOOXAMY, OO0

T+ 4SOKTH OB Mol AMmOSO&LHE XOSEIN &
W OOSERAM Y iomSas wO8Yy &GOV XBLXSA XON esmam
HOSOAFm eroOcH OSeeIss Hlle HBN c0omlm 4
EN M OeSH sy BOO«SHEA +HEVSOOON M s XéBNMN O0SHL A
2N, OMYOM L CHEHAOO0M 421N SmMXeMD 19I5l ¢
SHM OMSOm  BSXAM,  </participants>

<introduction> &M YeXeom O mOe

E e &% 6SHE POmMCeeee <X ee DOOO-xLN ezaN
SH&2O000 Ox ez22M MemM <N mez: XmemnOmssexOOmsse <OeL
oH2NM oMK MOmMOMmmEN gooxe OONM X XOGs MeMEe O

éOMsS&LMae mOmxxgom<=  </introduction>

<speaker> #XQ QmOmmdechemm </speaker>

<bio> %#XQ ¢ oM Moo & mOem XmeMmeOd OX M ¢MAS...
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Machine sees...
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Ontologies

o]
The term ontology originates from philosophy
e The study of the nature of existence

Different meaning from computer science
®
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Typical Components of Ontologies
-

o denote important concepts (classes of
objects) of the domain
- e.g. professors, staff, students, courses, departments

o between these terms: typically class
hierarchies

—- aclass C to be a subclass of another class C' if every object
In C is also included in C'

- e.g. all professors are staff members
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Further Components of Ontologies
-

e Properties:
- e.g. XteachesY

e Value restrictions
- e.g. only faculty members can teach courses

e Disjointness statements
- e.g. faculty and general staff are disjoint

e Logical relationships between objects
- e.g. every department must include at least 10 faculty
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Example of a Class Hierarchy
-

. techmical
administraton support undergraduate postgraduate
staff staff
regular
faculry
aafl
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The Role of Ontologies on the Web
S

e Ontologies provide a shared understanding
of a domain:
- overcome differences in terminology
- mappings between ontologies

e Ontologies are useful for the organization
and navigation of Web sites
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The Role of Ontologies in Web Search

e Ontologies are useful for improving the accuracy of

Web searches
- search engines can look for pages that refer to a precise
concept in an ontology
e \Web searches can exploit generalization/

specialization information
— If a query fails to find any relevant documents, the search
engine may suggest to the user a more general query.
- If too many answers are retrieved, the search engine may
suggest to the user some specializations.
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Web Ontology Languages
S

e RDF is a data model for objects and relations
between them

e RDF Schema is a vocabulary description language

e Describes properties and classes of RDF
resources

e Provides semantics for generalization hierarchies
of properties and classes
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Web Ontology Languages (2)
S

e A richer ontology language
e relations between classes
- e.g., disjointness
e cardinality
- e.g. “exactly one”
e richer typing of properties
e characteristics of properties (e.g., symmetry)
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Logic and Inference
-

e Logic is the discipline that studies the
orinciples of reasoning

e Formal languages for expressing knowledge

e \Well-understood formal semantics

- Declarative knowledge: we describe what holds
without caring about how it can be deduced

e Automated reasoners can deduce (infer)
conclusions from the given knowledge
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An Inference Example

c- |
prof(X) — faculty(X)

faculty(X) — staff(X)
prof(michael)

We can deduce the following
faculty(michael)
staff(michael)
prof(X) — staff(X)
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Logic versus Ontologies
-

e The previous example involves knowledge
typically found in ontologies

— Logic can be used to uncover ontological
knowledge that is implicitly given

— It can also help uncover unexpected relationships
and inconsistencies

e Logic is more general than ontologies

- It can also be used by intelligent agents for
making decisions and selecting courses of action
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Tradeoff between Expressive Power
and Computational Complexity

e The more expressive a logic is, the more
computationally expensive it becomes to draw
conclusions

- Drawing certain conclusions may become impossible if non-
computability barriers are encountered.

e Our previous examples involved rules “If conditions,
then conclusion,” and only finitely many objects

- This subset of logic is tractable and is supported by efficient
reasoning tools
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Inference and Explanations
S

e Explanations: the series of inference steps
can be retraced

e They increase users’ confidence in Semantic
Web agents

e Activities between agents: create or validate
proofs
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Typical Explanation Procedure
«__ 0

e Facts will typically be traced to some Web
addresses

- The trust of the Web address will be verifiable by
agents

e Rules may be a part of a shared commerce
ontology or the policy of the online shop
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Software Agents
-

e Software agents work autonomously and proactively
- They evolved out of object oriented and compontent-based
programming
e A personal agent on the Semantic Web will:
— receive some tasks and preferences from the person

— seek information from Web sources, communicate with
other agents

- compare information about user requirements and
preferences, make certain choices

— give answers to the user
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Intelligent Personal Agents

| play LT Che Tuiure

\ Personal agent

Prasent in Search
wel Drow s engin: I

[mtelligent
s ueiure

[— BOIVICEs

0OCs I

WWW
docs
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Semantic Web Agent Technologies
c- |

e Metadata
— ldentify and extract information from Web sources

e Ontologies
- Web searches, interpret retrieved information
- Communicate with other agents
e Logic
— Process retrieved information, draw conclusions
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Semantic Web Agent Technologies (2)

e Further technologies (orthogonal to the
Semantic Web technologies)

- Agent communication languages

- Formal representation of beliefs, desires, and
Intentions of agents

— Creation and maintenance of user models.
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Lecture Outline

1. Today’s Web

2. The Semantic Web Impact

3. Semantic Web Technologies
4.
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A Layered Approach
S

e The development of the Semantic Web
proceeds in steps
- Each step building a layer on top of another

Principles:
e Downward compatibility
e Upward partial understanding
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The Semantic Web Layer Tower

[
‘Rules Trust
Data | | Proof =
=
Data Logic E‘”
Ontology vocabulary :j{;
RDF + rdfschema 2

Unicode
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Semantic Web Layers
-

e
— Syntactic basis
e
- RDF basic data model for facts
- RDF Schema simple ontology language
®

- More expressive languages than RDF Schema
— Current Web standard: OWL

Chapter 1 A Semantic Web Primer



Semantic Web Layers (2)
-

e
- enhance ontology languages further
- application-specific declarative knowledge
®
- Proof generation, exchange, validation
®

- Digital signatures
- recommendations, rating agencies ....
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Book Outline

« ]
Structured Web Documents in XML

Describing Web Resources in RDF
Web Ontology Language: OWL
Logic and Inference: Rules
Applications

Ontology Engineering

Conclusion and Outlook
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