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Semantic Web and the W3C

e http://www.w3.0rg/2001/sw/
e http://www.w3.org/RDF/




RDF Data Model

Directed Graph expressing typed binary relations between typed resources

Relations are:

— P(S,0)or (s :p:0)

Primitives

— resource

— property

— literal

— statement

Other constructs

— container

— reification

— collection

URI’s for everything exceptf literals
— “bnodes” are a special case, but more about that later

Common serialization is RDF/XML



Why URIs

Purpose of RDF is integrating information from
multiple sources

URI's form basis of joins of graph
Instance data combines into larger graphs

Inferences can be made based on:
— RDF primitives
— Ontology definitions

* RDFs
- OWL
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RDF Containers

« Permit aggregation of several values for a
property
« Different container semantics
— Bag
« unordered grouping (e.g., students in this class)

— Sequence
 ordered grouping (e.g., authors of a paper)

— Alternatives
« alternate values (e.g., measurement in different units)



RDF Reification

« Treat a statement as a first-class object
(resource)

* |t then can become a graph element (and be
used as subject and object of statements)



it Mo example.orgstaffid/B5740

Typed Literals

P M example. orgermslage

Y
T i org 2001 ML Shematitger

<Teml version="1.0" 7=
- <rdfiRDF =mlns:gss="http:/ /www.w3.o0rq/2001/11/1saV¥iz/graphstylesheets#"

smins: core="http:/ /www.example.org/terms/"
#mins:s="http:/ fexample.org/students /vocab#"
xminz:rdf="http:/ /wwww.w3.0rg/1999/02 /22 -rdf-syntax-ns#"
wminz:xsd="http:/ /fvsvewe.w3.0rg/ 2001/ XMLSchema#"
smins: rdfs="http:/ /vww.w3.org/2000/01 /rdf-schema#"
smins: ex="http:/ /fexample.org/terms/"
xml:baze="file:/C:/cygwin/tmp/tmp2978.rdf'>=

- «rdf:Description rdf: about="http:/ /fwww.example.org/staffid/85740"=

<COre: age
rdf:datatype="http:/ /www.w3.0rg/2001/XMLSchema#integer'=27</core: agex

</rdf:Descriptionz

=/rdf:EDF =



RDF Collections

« Containers are not closed
— open world assumption in all of them

* Collections use lisp-like primitives (first, rest, nil)
to express a close list.



RDF Collections

The students in course 6.001 are Amy, Mohamed, and Johann

http:ffexample org/courses/a 001

http:flexample-arg/studentsivocabd#siudents

—— P  hitpilexample org/students/Amy
hittp:fwww w3, org/1 999/02/22-rdf-sy ntax-ns#first

hittp: fweww w3, orgM 9902722 -rdf-syntax-nsirast

——p  hitp:ilexample org/students/Mohamed
hittp:fiwww w3, orgM1 999/02/2 2-rdf-syntax-ns#first

hitp: fhwww w3, org/199902/22-rdf-syntax-ns#rest

—— P htip:flexample org/students/Johann
hittp: i w3, org/ 19902722 -rdf-syntax-ns#first

hittpeffwwew w3, org/1 999002722 -rdf-syntax-nsirast

hittp:fhwwew w3, org/1 9902122 -rdf-syntax-nsdnil



Formalizing RDF

 There is a meta-model that bootstraps RDF
« Set of basic types (Classes) and properties
 Allows basic inferencing



RDF meta-model basis elements

 All defined in rdf namespace
— http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

* Properties

— rdf:type - subject is an instance of that category or class defined
by the value

— rdf:subject, rdf:predicate, rdf:object — relate elements of
statement tuple to a resource of type statement.
« Types (or classes)
— rdf:Resource — everything that can be identified (with a URI)

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

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



Use of rdf:type

“Resource named

http://foo.org/inst is member of | -
class http://foo.org/classes/cl1” Tigelftee.erginet

<http://foo.org/inst> <rdf:type>
<http://foo.org/classes/cl1>

rdf:type

http://foo.org/classes/cl1




Typing the Resources in Statements

™ ex.age —p 23

rdf:.type

=taml version="1.0" 7=
- <rdfiRDF #mins:gss="http://www.w3.0rg/2001/11/1sa¥iz/graphstylesheets#"
<mins:rdf="http:/ /www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins: xsd="http:/ /www.w3.org/2001/X¥MLSchema#"
¥ s rdfs="http:/ /www . .w3.0rg/2000/01 /rdf-schema#"
H;;\rgs:EH:"http:ffexample.urgfterms#"::
- <ex:person rdf: about="info:123">
<EH:age
rdf:datatype="http:/ /www.w3.0rg/2001/XMLSchema#integer'=23</ex: agex
</Ex personz
=/rdf: ROF =



Formalizing a statement

An RDF statement is a triple consisting of:
— subject - rdf:type resource
— property - rdf:type property
— object - rdf:type resource | literal

— Examples

» <http://www.cs.cornell.edu/lagoze>
<http://purl.org/dc/elements/creator>
“Carl Lagoze”

» <http://www.cs.cornell.edu/lagoze>
<http://purl.org/dc/elements/creator>
<mailto:lagoze@cs.cornell>

Expressible as:
— triple (ns1:s ns2:p ns3:0)



RDF statements and basic types
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Simple type inferencing

explicit triple Allows inference

(= gy r ) B ]_'-_']f:t'}rF.e rdf :Resource)
trp rdf:bype rdf:Property)

rdf:type rdf :Resource)




Reification — Statements about
statements

_~ rdf:statement
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Reification Structure

Staff member 85740 said the weight of item 10245 is 2.4 units

htp:www. w3, 0r{;4999/02/22-rdf-syntax-ns#Statement
hittpfwwew w3, orgM1 99W02/22 rdf-syntax-ns#type
hittp:fwww example. com/2002/04/products#triple 12345
hittp: e w3, org/199H02/22 rdf-syntax-ns#subject

hittp:fwww_example. com/2002/04/products#iter 10245

hittpehwwen w3, org/1 99902122 rdf-syntax-ns#pradicate

hittp:ffwww_ example. comiterms/weight

Rttt hewen w2, org 1 9990212 2-rdf-syntax-nsfobject
b

"2 4" httpciwaew w3 org/2001 IXMLS chema#decimal

hittpefiwww examplelcomitermsiweight

hitpy/purl. org/delelements/1_1/creator
¥

hﬂp:#ﬁmw.emmple.mm#stamdfﬂﬁﬁﬂ "2 .4"Mhup_IMmu.w3.ﬂrga'2m 1 MLSchema#decimal



Reification XML

<?¥ml version="1.0"72>

<!DOCTYPE rdf:RDF [<!ENTITY x=d "httop://www.wd.org/2001/XMLSchema#™>] >

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/2Z-rdf-syntax-ns#"
¥mlns:de="htop:f/purl.org/fdefelemencs/1.1/"
xmlns:exterms="http://vwv.example.com/terms/"
xml:base="http:// www.example.comf 200204/ products>

<rdf:Description rdf: ID="iteml0245">
<exterms:weight rdf:datatype="ixad;decimal">Z.4</exterms: wveigho>
</rdf:Description>

<rdf:Statement rdf:about="frriplelZ345":
<rdf:subject rdf:resource="http://wwv.example.com/Z002/04/productsfiteml0zZ45"™/ >
<rdf:predicate rdf:resource="http://wuw.example.com/terms/weight ™/ >
<rdf:object rdf:datatype=gdad;decimal™>Z.4</rdfiobject>

<dc:creator rdf:resource="http://fuwvw.example.com/scaffid/85740%/ >
</rdf:Statement>

</frdf:RDF>



Beyond binary relations

Note mapping of RDF statements to binary relations that
could be stored in a database:

— (:s:p:0) maps to P(S,0) — e.qg., Title(R, “War & Peace”)

But the world is more complex and statements are

arbitrary n-tuples

— Carl Lagoze has his office at 301 College Ave., Ithaca, NY
14850

— (“Carl Lagoze” “hasOffice” “301 College Ave, Ithaca, NY 148507)

— (“Carl Lagoze™ “address” “301 College Ave” “lthaca” “NY”
“14850")



Expressing n-ary relations
with blank nodes

URI,

address

street
city

“301 College Ave’ “Ithaca” "NY” “14850”

Zip



Another n-ary relation example

hittp: fiwww w3, org/TR/rdf-syntax-grammar

hitp:fhuw.example.org.n'terms#edulc:r‘/ % \hup:ﬁpurl.nrga'dca'elemenlsh.1|ftitle

RDFXML Syntax Specification (Revised)

hittp:fhwww example. org/terms/homePage hittp: A example. org/terms/fullMame

hitp:ffpurl.org/net/dajobe/ Dave Beckett

<?¥ml wversion="1.0"2:>

<rdf:RDF ®mlns:rdf="http://www.w3.org/1999/02/22 -rdf-syntax-ns#"
xmlns:de="http://purl.org/de/elements/1.1/"
xmlns:exterms="http:/ example.org/stuff/ 1.0/ ">

<rdf:Description rdf:about="http://wuw.w3.org/ TR/ rdf-syntax—grammar ">
<de:title>RBDF/XML Syntax 3pecification (Revised)</doc:titlex
<exterms:editor rdf:nodelD="gbc"/>

</rdf:Description>

<rdf:Description rdf:nodeIDb="ghc™:>
<exterms:ful lName>Dave Beckett</exterms:ful 1Name>
<exterms:homePage rdf:resource="http://purl.org/net/dajobe/"/ >
</rdf:Description>

</rdf:RDF>



Expressing Collection Primitives in
Binary Relations

Healthy Meat

deicreator

= JonDoe

Feanin Mustermann

Jon Doe and Karin Mustermann joint their forces to create a gadget with title Healthy Meat

<?Eml wersion="1.0"7:
<rdf :EDF mmln=:rdf="http:.-~www w3 org-1999-02-22—rdf-=vyntaxz-n=i"
Enlns:rdfs="http: <wvww vl org-2000-01-rdf-=chemat"
Enlns:doc="http:~purl org-sdc-elemsnt=-1.1."
Enlns:docterms="http: - ~purl org-dc term=-":
<rdf :Description do:title="Healthy Heat":
¢dccreator:
<rdf :Bag:
<rdf:lixJon Doe<srdf:li:
<rdf:li:Karin Hustermann<-rdf:li:
<<rdf :Bag:
< do:creator:
< rdf :Description:
{srdf EDF:



RDF Collections and blank nodes

The students in course 6.001 are Amy, Mohamed, and Johann

http:ffexample org/courses/a 001

http:flexample-arg/studentsivocabd#siudents

—— P hitpillexample org/students/Amy
hittp:fwww w3, org/1 999/02/22-rdf-sy ntax-ns#first

hittp: fweww w3, orgM 9902722 -rdf-syntax-nsirast

——p  hitp:ilexample org/students/Mohamed
hittp:fiwww w3, orgM1 999/02/2 2-rdf-syntax-ns#first

hitp: fhwww w3, org/199902/22-rdf-syntax-ns#rest

—— P htip:flexample org/students/Johann
hittp: i w3, org/ 19902722 -rdf-syntax-ns#first

hittpeffwwew w3, org/1 999002722 -rdf-syntax-nsirast

hittp:fewew w3, org/1 99902122 -rdf-syntax-ns#nil



Why Schema (1)?

 Enables communities to share machine
readable tokens and locally define human
readable labels.

‘Nom”™ < » “Author”

“$100 $a”



Why Schema (2)7?
Relationships among vocabularies




Why Schema(3)?
Relationships among vocabulary
elements

ISA

I

ms:director

» “John Smith”

dc:Creator




RDF Schemas

Declaration of vocabularies

— classes, properties, and structures defined by a particular
community

— relationship of properties to classes
Provides substructure for inferences based on existing
triples

NOT prescriptive, but descriptive

Schema language is an expression of basic RDF model

— uses meta-model constructs

— schema are “legal” rdf graphs and can be expressed in
RDF/XML syntax



RDFs Namespace

 Class-related
— rdfs:Class, rdfs:subClassOf

* Property-related

— rdfs:subPropertyOf, rdfs:domain, rdfs:range



RDF Schema: Specializing
Properties

. rdfs:subPropertyOf — allows specialization of relations

— E.g., the property “father” is a subPropertyOf the
property parent

* subProperty semantics

If M contains Then add

{:2 rdfs:subPropartynf :ol (:8 rdf:type rdf:Properby)
[:0 rdf:type rdf:Propsrby)

Vi3 p 10)
{:p rdfs:subPropartynf :qgl [:8 g o)

{:p rdfs:subPropartynf :qgl [:p rdfs:subPropertycf 1)
t:q rdfs:subPropartynf :ri




Inferences from Property Relationships

(:alice :has-child :betty)
{ralice :has-child :charles)

{:betty :has-child :dorisl
(:betty :has-child :ewve)

(:charles : has-2ibling :betty)

(:dorls :has-silster :eve)
(:eve :hag-sleter -dorla)




Sub-Property Semantics

|rthas-g1ster

rdfs:eubPropertydf :rhas-sibling)

| thas-brother rdfs:subProperty0f :haes-sibling)

[thas-child rdfs:subProperty0f (has-descendant)

* Uzimg the intended semantics, we can infer:

[
[

[

rallice
ralice

ralice
ralice

rhag-descendant
rhag-descendant

rhag-descendant
rhas-descendant

batty)
rcharles)

rdorie)

T Ewe ]




Property-based semantics

Provide basis for type inference from properties
Not restrictive like xml schema constraints

rdfs:domain
— classes of resources that have a specific property

rdfs:range

— classes of resources that may be the value of a
specific property

If M contains Then add

(:2 :p :0] (:58 rdf:tvpe :L)
(:p rdfs:domain :t)

(= P Tl (:o rdf:t}"pe :t)
(:p rdfs: Tange .t




Inferences from Constraints

:has-child rdfs:domain parent)
:has-child rdfs:range perscon)

:has-gibkling rdfs:domain person)

:has-brother rdfs:range :male-person)
:has-gsister rdfs:range :female-person)

* Using the intended semantics, we can infer:

]
|
)

i

|
A
i

|
3

]
|
L

:alice rdf:type parent)
betty rdf:type parent)

: (CVEe rdf:tyvpe femal-person)

:charles rdf :tvpe :person)




Class Declaration

e rdfs:Class

— Resources denoting a set of resources; range of
rdf:type

f: f:
Q rdf:type >© rdf:type » rdfs:class
ex:MotorVehicle rdf.type rdfs:Class

exthings:companyCar rdf:type ex:MotorVehicle



Class Hierarchy

e rdfs:subClassOf

— Create class hierarchy

rdfs:subClassOf O
rdfitype \Q{:type

rdf:class rdf:class

ex:MotorVehicle rdf:type rdfs:Class
ex:SUV rdf:type rdfs:Class

ex:SUV rdf:subClassOf ex:MotorVehicle
exthings:companyCar rdf:type ex:SUV



Sub-Class Inferencing

If M contains

Then add

(:8 rdf:tvpe :0)

(:o0 rdf:type rdfs:Class)

[ :
[ :

rdf:tvpe :0)

rdfs:subClass0of

(:2 rdf:type :c)

[ :

rdfs:subllass0f
rdfs:subllass0f

=)
=)

(:8 rdfs:subClass0f :c)

rdfs:subClass0of o)

(:8 rdf:type rdfs:Class)
(:o0 rdf:type rdfs:Class)

rdf:tvpe rdfs:Class)

(:8 rdfs:subClass0f rdf:Resource)




Sub-class Inferencing Example

( :parent rdfs:subClassCf :person)

(:male-person rdfs:subllass0f :person)
(:female-person rdfe:subllassCf :person)

( :mother rdfs:subClasgs0f :parent)
( :mother rdfs:subClass0f :female-person)

* Using the intended semantics, we can infer:

(:betty rdf:type person)




Jena Toolkit

* Robust tools for building and manipulating RDF

models

— HP Labs Bristol

— Capabilities
» Model construction
« XML and N3 parsing
* Model persistence (DB foundation)
* Model querying
« Ontology building
* Inferencing

e http://www.hpl.hp.com/semweb/jena2.htm




IsaViz

* Visualizing and constructing RDF models
o http://www.w3.0rg/2001/11/IsaViz/




