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Original Web Vision
Web of relationships amongst named objects
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Current Web ("Syntactic" Web)

- Untyped resources named
by URLs
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The Information in a Web Page
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Leading the Web to Its Full Potential...

Activities | Technical Reports | Site Index | New Visitors | About W3C | Join W3C | Contact W3C

The World Wide Web Consortium (W3C) develops interoperable technologies (specifications, guidelines, software, and tools) to lead the Web to its full potential. W3C is a forum fo
information, commerce, communication, and collective understanding. On this page, you'll find W3C news, links to W3C technologies and ways to get involved. New visitors can
find help in Finding Your Way at W3C. We encourage organizations to learn more about YW3C and about YW3C Membership.
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» Markup connotes semantics (bold, colors, font...)
- Humans interpret semantics
- Rendering semantics is not clear or available to

machines




Why is XML not enough?
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but from the machines point of view...
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XML and Syndication (RSS, Atom) are a big step
forward

RSS messages: how it works
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XMLs and namespaces help but not enough...

- Descendent of DTD's

- Mostly a structuring language
- Doesn't express "meaning” of structure

* Problems with knowledge representation

- Poor expression of concepts, relationships, and
subsumption (sub-classing)

- No basis in formal logic, limited if any basis for reasoning
- So, can't do:

- Fact: Ford is a “kind of" car

- Fact: VW is a “kind of" car

* Fact: Joe “has a" Ford

* Fact: Sue “has a" VW

+ Infer: Joe and Sue both have cars



[1lustration is a
type of
contribution
M. Doe
illustrated the
book “Best
Stories”

Mary Doe Cartoons and
animated the Books are types
cartoon “Best of Works
Stories — the

movie”
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WEe ot Mary Doe are
contribution
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A | Show me the works
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WS(“” Semantic
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The Semantic Web is a web of data. There is lots of data we all use every day, and its not part of the web. |
can see my bank statements on the web, and my photographs, and | can see my appointments in a calendar.

But can | see my photos in a calendar to see what | was doing when | took them? Can | see bank statement
lines in a calendar?

Why not? Because we don't have a web of data. Because data is controlled by applications, and each
application keeps it to itself.

The Semantic Web is about two things. It is about common formats for integration and combination of data
drawn from diverse sources, where on the original Web mainly concentrated on the interchange of
documents. It is also about language for recording how the data relates to real world objects. That allows a
person, or a machine, to start off in one database, and then move through an unending set of databases
which are connected not by wires but by being about the same thing.



Semantic Web

Resources typed, types
defined by URIs

Relationships typed, types
defined by URIs

Types are structured and
are first-class

Machines can inference

Software

hasManual

requires

Y

isBasedCn

requires

livesAt



Scientific American, May 2001:
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A new form of Web content
that is meaningful to computers
will unleash a revolution of new abilities

by

TIM BERNERS-LEE,
JAMES HENDLER and
ORA LASSILA



Beware of the Hype

Hype seems to suggest that Semantic
Web means: "semantics + web = AT"

- "A new form of Web content that is @

meaningful to computers will unleash a \\
revolution of new abilities” \
More realistic to think of it as meaning:

>

Usefulness

“semantics + web + AL = more useful o\ warninG: |\
webs” “’ r:gBDLEMS' §
N \\\\\\\\\\\\\\\\\\;\\x

>

"Smarter Machines™
(More Artificial Intelligence)

Images from Christine Thompson and David Booth



Some comments on the reality of the semantic web

Lots of the hype seems to imply that the "whole
web" will become a semantic web

But oo much implies that this will happen through
"better metadata”

- By whom!

Keyword "whole web" search engines keep getting
remarkably better and will continue to dominate

Buft...

- High recall, low precision

- Results sensitive to vocabulary

- Result granularity is single web page



But...

» In constrained domains (b2b, enterprise search,
scholarship) better information management,
knowledge representation makes sense

Notions like ontologies are very useful and
important

There is lots of room for automated learning
techniques to be applied to the problem

Some of the tools are very useful right now and
being used in large scale:

- Network analysis

- eScholarship

- Project 2



Semantic Web “Layer Cake"

User Interface & Applications

Trust
Ontology
Query: OW'— Rule:
SPARQL RIF

RDFS '

Data interchange:
RDF

XML

URI/IRI '

Crypto



Knowledge Representation

Objects/Instances/Individuals

- Elements of the domain of discourse

- Equivalent to constants in FOL
Types/Classes/Concepts

- Sets of objects sharing certain characteristics

- Equivalent to unary predicates in FOL
Relations/Properties/Roles

- Sets of pairs (tuples) of objects

- Equivalent to binary predicates in FOL

Such languages are/can be:
- Well understood
- Formally specified
- (Relatively) easy to use
- Amenable to machine processing



There has been lots of work on Knowledge Representation but...

The challenge of the
Semantic Web is to find
a representation language powerful enough
to support automated reasoning
but simple enough to be usable

“All tractable languiages are useless;
all useful languages are intractable”



Challenges of Web to KR

Scale
Distributed
Dynamic

+ Paradoxes

+ Incomplete language
- Closed world vs. open world assumptions



Modeling & Encoding Knowledge: RDF

* RDF (Resource Description Framework)

* Provides enabling technology for richly-structured
information

- Support for and integration of multiple independent
vocabularies

» Rich data model supporting notions of distinct
entities and properties
- Formal model with basis in logic

+ Expressible in machine readable manner (e.q.,
XML)



RDF Components

* Formal data model

+ Syntax for interchange of data

*+ Schema Type system (schema model)

+ Syntax for machine-understandable schemas
* Query and profile protocols

» Ontologies layered on top via extensions to base
RDF language (OWL)



RDF Data Model

Provides underlying structural foundation for the
expression of application (instance) data models

- for consistent encoding, exchange and processing of
information

- Provides for a basis for interoperability

Individual communities can then define and
express semantics on the basic model

Model is distinct from the syntax for expressing
It

- XML

- N3

- triple notation

- relational databases (triple-stores in tables)




RDF Data Model

- Binary Relationships
- Triples

- <subject> <predicate> <object>
- Carl livesIn Ithaca
- Ithaca hasWeather Terrible



RDF Data Model

+ URTs for subjects, predicates, and objects allows
joins

- Joins produce directed labeled graphs

* Graphs allow deductive inferences



RDF Model Elements

- Resource
- Property
- Value

- Statement
- Containers



Isaviz - RDF authoring tool



RDF Model Primitives

Property
Resource d Resource

- _/
Y

Statement




Simple Example

Author

> “Eric Miller”




RDF Syntax

RDF Model defines a formal relationships among resources,
properties and values

Syntax is required to...
- Store instances of the model into files
- Communicate files from one application to another

XML is one well-supported syntax, N3 is another



RDF Model Example #1

dc: Title

» “‘RDF Presentation”

dc: Creator

“Eric Miller”



RDF Syntax Example #1

Eric Miller

url.orgfdcielements’ .0/Cre ator

ttp:purl.orgf/defelements’1.0/Title

RDF Presentation

lk2xml version="1.0"?=
<rdf.RDF xmins ges="httpwww w3 orgf200111 1/savizigraphstylesheets#”
smins rd="http it w3 0rgf1 99970272 2-rdf-syntax-ns#'
ymins xsd="http M w3, orgi2001XMLSchema®' xmins rdfs="http M w3, 0rgf2000/01frdf-schema®’
smins de="httpJfpurl.orgidcfelementsi1 0=
<rdf:Description rdf about="info:uri1"=
=dc Title=RDF Presentation=fdc:Title=
=dc:Creator=Eric Miller=fdc:Creator=
<frdf:Description=
</rdfRDF=



N3 Syntax - Example #1

Bprefix : <>

<info:uril>
<http://purl.org/dc/elements/1.0/Creator>
"Eric Miller"™ ;
<http://purl.org/dce/elenments/ 1.0/ Title>
"RDF Presentation”



RDF Model Example #2

oa:Creator

dc:Title

hih: Affiliation

hib:Name

~+RDF Presentation

hib: EMail

{Eric Miller

emiller@w3. org




RDF/XML Syntax Example #2

<?¥ml version="1.0"7=
<rdf.RDF xmins gss="http e w3 orgf 200101 Ulsavizigraphstylesheets#
yminsoa="http:fagents.orgielements®#' xmins rd="http MM we3.0rgl1 99970212 2-rdf-syntax-ns#"
sminsxsd="http M w3.0rgl2001 M LSihema#" smins hib="httpiswww bib.org/persons®
smlns rdfs="http e we3.0rgf2000/01 frdf-schema#®# xmins de="http:fpurl.org/deielementsi1.0"
smlbase="filedCJlsaVizitmpitmp41406.rdf'=
=rdf:Description rdfabout="info:uri2"=
<hib:Affiliation rdiresource="http:ifwww. oclc.org"f=
<hib:EMail=emiller@w3.org=</bib:EMail=
=<hib:Name=Eric Miller=fhib:Name=
<frdf.Description=
=rdf:Description rdfabout="info:uri1"=
<zpa.Creator rdf resource="info:uri2"f=
=dc:Title>RDF Presentation=fdc:Title=
<frdf.Description=
</rdfRDF=



N3 Syntax Example #2

Bprefix oa: <http://agents.org/elementsg>
Bprefix bib: <http://wuw.bib.org/personsf>
@prefix deo: <http://purl.org/dc/elements/1.0/>
Bprefix : <f>

<info:uriz>
<bib:Affiliation>
<http://www.oclc.org> ;
<bib:EMail>
"emiller@w3.org™ ;
<bib:Name>
"Eric Miller"™

<info:uril>
<oa:Creator>
<info:uriz> ;
<dc:Eitle>
"RDF Presentation”



RDF Model Example #3
Reification

dc: Title

Dib:Aff

dc: Creator

7

bib:Name

!

“Eric Miller”

pib:Emaill

\ | > ...

» “CIMI Presentation” |

I
jadmin:By

: »LOC’

|
I admin:On

' »'03-09-99”

|
I admin:For

“emiller@ :
oclc.org” :



RDF Containers

Permit the aggregation of several values for a
property

Express multiple aggregation semantics

- unordered

- sequential or priority order

- alternative



RDF Containers

- Bag

- unordered grouping
- Sequence

- ordered grouping
+ Alternatives

- alternate values
- need to choose

- at least one value
- first value is default or preferred value



RDF - Bag

* Unordered group
+ "Carl Lagoze and Stuart Weibel are co-authors”

<BIB:Author>
<Bag>
<li> Carl Lagoze </li>
<li> Stuart Weibel </li>
</Bag>
</BIB:Author>



RDF - Sequence

* Ordered or priority group

» "Carl Lagoze is primary author and Stuart Weibel is
second author”

<BIB:Author>
<Seq>
<li> Carl Lagoze </li>
<li> Stuart Weibel </li>
</Seq>
</BIB:Author>



RDF - Alt

- Client chooses one of several values

* First value is default
+ "The distance is 15 kilometers or 9.3 miles”

<DC:Coverage>
<Alt>
<li> 1I5KM </li>
<li> 9.3M </li>
</Alt>
</DC:Coverage>



Container Example

rdf._4

rdf:type

+ rdf;_2

rdf. &

hitp:/fexample.orgistudentsisab#students

rdf._3

rdf._1




RDF/XML for Container

<‘?xmlversion—"1 0"?=
<rdf:RDF xmins gss="http:fhwwaw w3 orgf200171 1lsaVizigraphstylesheets#"
xmins:j.0="http: Ifexample orgfstudentsivocab# xmins oa="httpJfagents.orgielements#
smins rdf="http: M w3.0rgl1 99970272 2- rdf-syntax—ns#"
sminsysd="http M w3 orgf2001KMLSchema# xmins "http Shanwewy bib.orgipersons#”
sminsrdfs="httpwww w3.0rg/2000/01frdf-schema#” « mln s="http:ifexample.orgipackagesiocab#
smins de="httpfpurl.orgfdeielementsi1.00"
xmlhase="fileJdC:/Documents and Settingsi/Carl Lagoze/Desktopiex2rdf.n3"=
<rdf:Description rdfabout="http:fexample.orgicoursesi6.001"=
<j.0:students=
=rdf.Bag=
<rdfili rdfresource="http:fexample.orgfstudentsiAmy'i=
<rdfili rdfresource="http:fexample.orgfstudentsiMohamed'f=
<rdfli rdfresource="http:fexample.orgistudentsiJohann"f=
<rdfli rdfresource="http:ffexample.org/studentsiMaria’f=
<rdfli rdfresource="http:ffexample.org/studentsiPhuong"f=
=frdf.Bag=
<fj.0:students=
<frdf.Description=
<frdfRDF =



N3 for Container

# Base: file:/C:/Documents and Settings/Carl Lagoze/Desktop/exZrdf.n3
@prefix <R

<http: //example. org/courses/6. 001>
<http: /fexample. org/students /vocab#students >
[ T <http: /Afwww. w3l org/1999/02/22-rdf -syntax-ns#Bag> ;

<http: ffwww. w3l org/1999/02/22-rdf -syntax-ns# 1>
<http: //fexample. org/students Amy> ;

<http: /fwww. w3, 0org/1999/02/22-rdf -syntax-ns#_2>
<http: /fexample. org/students /Mohamed> ;

<http: /fwww. w3, 0org/1999/02/22-rdf -syntax-ns# 3>
<http: //example. org/students/Johann> ;

<http: /fwww. w3l org/1999/02/22-rdf -syntax-ns# 4>
<http: /fexample. org/students /Maria> ;

<http: /fwww w3 org/1999/02/22-rdf -syntax-ns¥ 5>
<http: /fexample. org/students /Phuong>



RDF meta-model

RDF basic types
— rdf:Resource - everything that can be identified (with a URT)

— rdf:Property - specialization of a resource expressing a binary
relation between two resources

— Rdf:itype - predefined property to express that subject of
property is considered to be an instance of that category or
class defined by the value of the property

— rdf:statement - a triple with properties rdf:subject, rdf:predicate,
rdf:object

An RDF statement is a triple consisting of a resource
(subject), a property and a second resource (object)
— (:s:p:0)
Expressible also as binary relations
- P(5,0) - eg., Title(R, "War & Peace")



RDF triple model

explicit triple Allows inference
(:8 :p :0) (:8 rdf:type rdf:Resource)
(:p rdf:type rdf:Property)
(:0 rdf:type rdf:Resource




RDF statements and basic types

_~ rdf:statement

ajeolpald:yp.

N
A

rdf:property



Reification - Statements about statements

_~ rdf:statement

ajeolpaid:yp.

rdf:prc;perty
"CL says 'WYA wrote Digital Libraries™



