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2. Semantic Web Technologies Hasso
Part 1 Plattner
Inctitnt

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized information exchange is key

Formats are necessary, but not too important

Linked Data uses a small
selection of technologies
™~
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Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



Knowledge Representation g s

... a simple example ! Plattner
Inctitnt

m How do | represent
,JHarald Sack has the phone number ++49 (3317) 5509-927* in XML?

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



Knowledge Representation mHasso

... a simple example Plattner
Inctitnt

m How do | represent
,JHarald Sack has the phone number ++49 (3317) 5509-927* in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

e — S

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



... a simple example Plattner
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Knowledge Representation m Hasso

m How do | represent
JHarald Sack has the phone number ++49 (3317) 5509-927“ in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

T

<person name="Harald Sack™>

<phonenr>49 (331) 5509-927</phonenr>
</person>

L ——— e E———

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



... a simple example Plattner
Inctitut

Knowledge Representation ﬂ Hasso

m How do | represent
JHarald Sack has the phone number ++49 (3317) 5509-927“ in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

S

<person name="Harald Sack™>

<phonenr>49 (331) 5509-927</phonenr>
</person>

EE——

<person name="Harald Sack™ phone="49 (331) 5509-927" />

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



... a simple example Plattner
Inctitut

Knowledge Representation ﬂ Hasso

m How do | represent
JHarald Sack has the phone number ++49 (3317) 5509-927“ in XML?

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

<person name="Harald Sack™>

<phonenr>49 (331) 5509-927</phonenr>
</person>

<person name="Harald Sack™ phone="49 (331) 5509-927" />

IS there a unique (intuitive) way to model knowledge (in XML)?

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



Knowledge Representation
... with XML?

Hasso
Plattner
Inctitnt

m Successful communication requires translation from one XML serialization
(Schema A) to another XML serialization (Schema B)

<phonenr>
<owner>Harald Sack</owner>

<number>++49 (331) 5509-927</number>
</phonenr>

XSLT Transformation
XML Schema A <xsl:stylesheet version="1.0"

xmlns:xsl="http://.... Transform"

</xsl:template>
</xsl:stylesheet>

XML Schema B

<person name="Harald Sack">

<phonenr>49 (331) 5509-927</phonenr>
</person>




Knowledge Representation

... a simple example

Hasso
Plattner
Inctitut

m How do | represent:
LHarald Sack has the phone number ++49 (3317) 5509-927¢

Harald Sack



Knowledge Representation

... a simple example

Hasso

Plattner
Inctitut

m How do | represent:
LHarald Sack has the phone number ++49 (3317) 5509-927¢

Harald Sack
has the phone number
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Knowledge Representation

... a simple example

m How do | represent:
LHarald Sack has the phone number ++49 (3317) 5509-927¢

Harald Sack
has the phone number
++49 (551) 5509-927



Knowledge Representation m Hasso

... a simple example Plattner
Inctitnt

m How do | represent:
JHarald Sack has the phone number ++49 (331) 5509-927*

m Intuitive knowledge representation with directed graphs

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam



Knowledge Representation m Hasso

... a simple example Plattner
Inctitnt

m How do | represent:
JHarald Sack has the phone number ++49 (331) 5509-927*

m Intuitive knowledge representation with directed graphs

Haral d Sack —— ———>»  ++49 (331) 5509-927
~— " has phone number > \( /

Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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ool
Resource .
Description
Framework

Resource
m can be everything (in principle)...
m must be uniquely identified and be referencable
m...simply via URI



ol
Resource N
Description
Framework
Description

m = Descriptions of resources
m ...via representing properties and relationships among resources

m ...relationships can be represented as graphs
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Resource N
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FPramework
Framework

m = Combination of web based protocols (URI, HT TP, XML,...)
m based on formal model (semantics)

m defines all allowed relationships among resources



Resgource
Description
Pramework

Harald Sack
has phone number

++49 (531) 5509-927

m Knowledge in RDF is expressed as a list of statements

m all RDF statements follow the same simple schema

3 Hasso
b Plattner
Inctitnt
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Resgource
Description
Pramework

Harald Sack g ...

has phone number poperty

++49 (331) 5509-927,.
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Resource i
Description
Framework
Harald Sack g, .. S URI

has phone numher Property ——> URI

++49 (551) 5509‘9270bject ———5 URI/Literal
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Framework

o Statements (RDF-Triple):
Subject  + Property +  Object / Value

URI URI URI / Literal
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Resgource
Description
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Constituents of the RDF-Graph
e URI:

e t0 reference resources uniquely

http://harald.blogspot.iiii—”//
\
Object

http://harald.sack.de/foaf.rdf#harald<k'ﬁn-mw«ww{»
\ /

Subject

http://xmns.com foaf/0.1/ webl og
Property


http://hpi-web.de/HaraldSack#
http://hpi-web.de/HaraldSack#
http://swt1213.blogspot.co
http://swt1213.blogspot.co
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/

Hasso

Plattner
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Resgource
Description
Pramework

//_—i

Constituents of the RDF-Graph

e Literals:

e describe data values that do not have a separate existence

e strings, interpretation via datatype

++49- 331- 5509- 927 J

http:// haral d. sack. de/ f oaf . rdf #haral d -«‘~~*'w*wm}¢
\ /
S O

http://xm ns. coni foaf/0.1/ phone
P



http://hpi-web.de/HaraldSack#
http://hpi-web.de/HaraldSack#
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/

Hasso
I Plattner
Resource 3 B
Description
S_Ms PFramework
Constituents of the RDF-Graph

e Literals:

e typed literals can be expressed via XML Schema datatypes
e Namespace for typed literals: htt p: // www. w3. or g/ 2001/ XM_Schema#

e Example: “ Semant i cs“ A" <htt p:// ww. W3. or g/ 2001/ XM_Schema#st ri ng>

e | anguage Tags denote the (natural) language of the text:

e Example: “Semanti k“ @e , “Senmantics“@n


http://www.w3c.org/2001/xml-schema#
http://www.w3c.org/2001/xml-schema#
http://www.w3.org/2001/XML
http://www.w3.org/2001/XML

Core types

IEEE floating-point
numbers

Time and date

Recurring and
partial dates

_ L_imited-rar!ge

:8tring

:boolean

tdecimal

sinteger

tdouble

rdateTime

rdateTimeStamp

tgYear

xE :QMO!“.L!‘.

:gqDay

tgYearMonth

i:gMonthDay

i:duration

svearMonthDuration

rdayTimeDuration

tbyvte

:short

xsd:

:1lnt

long

XS8d:

unsignedBvte

- ]
XSa:

unsignedShort

http://www.w3.0rg/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes

Character strings

true, false

Arbitrary-precision decimal numbers
Arbitrary-size integer numbers

64-bit floating point numbers incl. zInf, £0, NaN
32-bit floating point numbers incl. xInf, £0, NaN
Dates (yyyy-mm-dd) with or without timezone
Times (hh:mm:ss.sss...) with or without timezone
Date and time with or without timezone

Date and time with required timezone

Gregorian calendar year

Gregorian calendar month

Gregorian calendar day of the month

Gregorian calendar year and month

Gregorian calendar month and day

Duration of time

Duration of time (months and years only)
Duration of time (days, hours, minutes, seconds only)
-128...+127 (8 bit)

-32768...+32767 (16 bit)
-2147483648...+2147483647 (32 bit)
-9223372036854775808...+9223372036854775807 (64 bit)
0...255 (8 bit)

0...65535 (16 bit)


http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes
http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes

T s e ety e '%tctlp':dv:/\'/vt\fv'.\,v% ' o?gH‘ﬁ[édigWD-rdfll-concepts-20130115[#xsd-datatypes

xsd:duration Duration of time
xsd:yearMonthburation  Duration of time (months and years only)
xsd:dayTimeDuration Duration of time (days, hours, minutes, seconds only)
xsd:byte -128...+127 (8 bit)
xsd:short -32768...+32767 (16 bit)
xsd:int -2147483648...+2147483647 (32 bit)
xsd:long -9223372036854775808...+9223372036854775807 (64 bit)
xsd:unsignedByte 0...255 (8 bit)

Limited-range xsd:unsignedShort 0...65535 (16 bit)

integer numbers ..., n0icnearnt 0...4294967295 (32 bit)
xsd:unsignedLong 0...18446744073709551615 (64 bit)
xsd:positiveInteger Integer numbers >0
xsd:nonNegativeInteger [nteger numbers 20
xsd:negativeInteger Integer numbers <0
xsd:nonPositiveInteger Integer numbers <0
T T m—— xsd:hexBinary Hex-encoded binar.y data
xsd:base64Binary Baseb64-encoded binary data
xsd:anyURT Absolute or relative URIs and IRls
xsd:language Language tags per [BCP47]
_ xsd:normalizedString Whitespace-normalized strings

Ml;g%ll?;r:sus xsd:token Tokenized strings
xsd : NMTOKEN XML NMTOKENS
xsd:Name XML Names

xsd: NCName XML NCNames



http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes
http://www.w3.org/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes

.
Resource .
Description
Framework

Constituents of the RDF-Graph
e Blank Nodes:

e denote existence of an individual with specific attributes, but without
providing an identification or reference

http://dbpedi a. or g/ ont ol ogy/ Per son

O

http://ww. wW3. org/ 1999/ 02/ 22-r df - synt ax- ns#t ype
P


http://dbpedia.org/ontology/Person
http://dbpedia.org/ontology/Person
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
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RDF Representations
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RDF Representations
* Node-Edge-Node Triple

Literal

_y ++49- 331-5509- 927 '
Resource

2 nhttp://haral d. bl ogspot . cond

http://xm ns. conl foaf/0.1/phone _

http:// haral d. sack. de/ f oaf . rdf #har al d <
\

Resource

http://xm ns. conf foaf/0. 1/ webl og


http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://sw0910.blogspot.com
http://sw0910.blogspot.com
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack

Regource

. . ;128 Hasso
Description | Plattner
Inctitut

Framework
% Literal
http://xm ns.com foaf/0.1/ phone _-p ++49-331-5509-927 '
http://haral d. sack. de/ f oaf . rdf #har al d == al
Resource

Resource

http://xm ns. com foaf/ 0. 1/ webl og http://haral d. bl ogspot. con!

* N-Triples Notation

e URIs/IRIs in angle brackets
e Literals in quotation marks
* Triple ends with a period

<http://harald.sack.de/foaf.rdf#harald> <http://xmlns.com/foaf/0.1/phone> “+
+49-331-5509-927°.

<http://harald.sack.de/foaf.rdf#harald> <http://xmlns.com/foaf/0.1/weblog>
<http://harald.blogspot.com/> .


http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://sewe0910.blogspot.com
http://sewe0910.blogspot.com
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://sw0910.blogspot.com
http://sw0910.blogspot.com
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack

Regource ol
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A " Hn
Pramework
‘ Literal

http://xnins.conl foaf/0.1/ phone _-p

++49- 331- 5509- 927 '

Resource

http://xn ns. com f oaf / 0. 1/ webl og http:// haral d. bl ogspot . cont

* Turtle (Terse RDF Tripel Language) Notation
e extension of N-Triples

http:// haral d. sack. de/ f oaf . rdf #haral d

Resource

@prefix foaf: <http://xmins.com/foaf/0.1/> .
@base <nhttp://harald.sack.de/foaf.rdf>

<#harald> foaf.phone “++49-331-5509-927* .
<#harald> foaf:weblog <http://harald.blogspot.com/> .



http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://harald.sack.de/foaf.rdf
http://harald.sack.de/foaf.rdf
http://hpi-web.de/HaraldSack#
http://hpi-web.de/HaraldSack#
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://sewe0910.blogspot.com
http://sewe0910.blogspot.com
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://sw0910.blogspot.com
http://sw0910.blogspot.com
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
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RDF Representations
e RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmlns.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf.phone>
</rdf:Description>

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>

PG olo e mmaleliaicicisiaioniilamstoiasteaiiiomuaY ; o = r—————TE T At 5t Petedam



http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://sw0910.blogspot.com
http://sw0910.blogspot.com

Resource Hasso
Description i
FPramework

RDF Representations =

* RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmins.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf.phone>
</rdf:Description>

<rdf:Description rdf.about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>
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http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://hpi-web.de/HaraldSack
http://sw0910.blogspot.com
http://sw0910.blogspot.com
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RDF Representations > -

* RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmins.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf:phone>
</rdf:Description>

<rdf:Description rdf.about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>
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http://hpi-web.de/HaraldSack
http://sw0910.blogspot.com
http://sw0910.blogspot.com
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* RDF/XML Notation

<xml version="1.0" encoding="utf-8“>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#*
xmins:foaf="http://xmins.com/foaf/0.1/* >

<rdf:Description rdf:about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:phone>++49-331-5509-927</foaf.phone>
</rdf:Description>

<rdf:Description rdf.about="http://harald.sack.de/foaf.rdf#harald“>
<foaf:weblog>
<rdf:Description rdf:about="http://haraldblogspot.com/“></rdf:Description>
</foaf:weblog>

</rdf:Description>

</rdf:RDF>
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http://hpi-web.de/HaraldSack
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RDF Representations
e JSON-LD Notation (RDF 1.1)

{
"http://harald.sack.de/foaf.rdf#harald" : {

"http://xmins.com/foaf/0.1/phone" : [ { "value" : "++49-331-5509-927",
"type" : "literal" } |

}
{
"http://xmins.com/foaf/0.1/weblog" : [ { "value" : "http://harald.blogspot.com/",
"type" : "uri" } |
}



http://example.org/about
http://example.org/about
http://purl.org/dc/terms/title
http://purl.org/dc/terms/title
http://purl.org/dc/terms/title
http://purl.org/dc/terms/title
http://sw0910.blogspot.com
http://sw0910.blogspot.com
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RDF Representations > - -

e JSON-LD Notation (RDF 1.1)

{
"http://harald.sack.de/foaf.rdf#harald" : {

"http://xmins.com/foaf/0.1/phone" : [ { "value" : "++49-331-5509-927",
"type" : "literal" } |

}
{
"http://xmins.com/foaf/0.1/weblog" : [ { "value" : "http://harald.blogspot.com/",
"type" : "uri" } |
}
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7 Literal

http://xnins.conl foaf/0.1/ phone _-p

++49- 331- 5509- 927 '

Resource

http://xn ns. com f oaf / 0. 1/ webl og http:// haral d. bl ogspot . cont

http:// haral d. sack. de/ f oaf . rdf #haral d

Resource

* Turtle (Terse RDF Tripel Language) Notation

@prefix foaf: <http://xmins.com/foaf/0.1/> .
@base <http://harald.sack.de/foaf.rdf>.

<#harald> foaf.phone "++49-331-5509-927" .
<#harald> foaf:weblog <http://harald.blogspot.com/>.

http://www.easyrdf.org/converter


http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://harald.sack.de/foaf.rdf
http://harald.sack.de/foaf.rdf
http://harald.blogspot.com/
http://harald.blogspot.com/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://xmlns.com/foaf/0.1/
http://sw0910.blogspot.com
http://sw0910.blogspot.com
http://hpi-web.de/HaraldSack
http://hpi-web.de/HaraldSack
http://www.easyrdf.org/converter
http://www.easyrdf.org/converter
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