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Outline

The idea of Semantic web

Core of Semantic web

« Metadata, ontologies, reasoning

« Review of the technological solutions and standards
Application domains
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Fundamental barrier for the development of
the web: machine-processability

The web contents are created for human readers
« HTML, PDF, JPEG, ...

Machine mediates and displays, but does not “understand”
contents of the web

- E.g., a Finnish text article

A web service * machine helps human

« Requires machine-"understandability” of the contents
= A fundamental contradiction
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How can we build a more intelligent
web?

1. Applications are programmed to be more intelligent

« The contents stay as they are

« The machines operate more human-like (Artificial Intelligence)
2. Contents are represented in a more intelligent way

« The contents are easier to understand

*  Machines stay more or less as they are

In practice, both ways are needed

« More intelligent systems process more intelligently represented
contents
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Approach 1: More intelligent
applications

Automatic interpretation of natural language is difficult

* Free form of the documents

« Semantics of the content

Non-textual contents

« Pictures, sound, music, video, software, ...

* How to interpret algorithmically?

More than the document itself is needed for interpretation

« Context + common sense needed

« Fundamental problems of Artificial Intelligence, easy for humans!
« Great scientific and technological challenges
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Approach 2: Contents represented in a
more intelligent way

The foundation of Semantic web

« The information is stored in a way that a machine understands it!

« Human helps the machine
Machine can also help in this (user-friendly tools for semantic content creation)

The development began in the beginning of the 2000s
« W3C Semantic Web Activity 2001
« W3C Web Services Activity 2002
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Web generations

1G WWW:

« WWW pages for human interpretation

« HTML language

2G WWW:

« Structures for human/machine interpretation

« XML language

3G WWW: Semantic Web

» Meanings for human/machine use

« RDF(S) language

4G WWW: Ubiquitous web for humans and machines

— Semantics = new foundation for intelligent web services
« Semantic = “understandable” to machines
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Limitations of non-semantic web:
case MuseumFinland

<artifact>
<id>NBA:H26069:467</id>
<target>cup and plate</target>
<material>porcelain</material>
<creationLocation>Germany</creationLocation>
<creator>Meissen</creator>

</artifact>

« This metadata cannot answer the following questions:
— Find all vessels?
— Find all ceramic products?
— Find artifacts manufactured in Europe?
— Does the city of Meissen manufacture ceramics?
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Semantic web solution: ontologies

NBA-H26069-467
:object “cup and plate” ;
:0object_concept object:cup ;
:0object_concept object:plate

:material "porcelain” ;
:material_concept object:porcelain ;

.creationPlace "Germany” ;
.creationPlace_concept place:Germany ;

:creator "Meissen”
:creator_concept actor:Meissen .

Find all vessels?

Find all ceramic products?

Find artifacts manufactured in
Europe?

Does the city of Meissen manufacture
ceramics?

place ontoiy

place:Europe

loc:partdf object ontology

place:Germany

creationLocation _concept

place:Meissen
object_concept rdfs:sub

I

object:vessel

NBA-H26069-467 ass)

object:cup rdfs:subClassOf

ohject~concept
object:plate
actor ontology

material ontology /'\

material:porcelain actor:Meissen

material_cqQncept



Case Rijksmuseum Amsterdam:
CHIP Demonstrator

Example in Turtle notation

 VRA metadata schema
(extension of Dublin Core)

(Aroyo et al., 2007)

rijks:artefactSE-C-K
vra:type vra:Work ;
vra:title "The Night Watch"
vra:date "1642"

vra:creator 500011051 : ¥ Hembrandt
VIa: 4 # Call to arms
vIra: # Amsterdam
vra:materia # 0il paint

\ A resource in the TGN

ontology / vocabulary
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Amsterdam in TGN

Thesaurus of Geographic Names Results List

N Full Record Display, English (Getty Research) - Windows Internet Explorer
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An Ontology Concept Hierarchy:
Standard Upper Merged Ontology SUMO
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Technological basis of Semantic Web




The classical ’layer cake model”

Trust

Reasoning/
logic

Sighature

Vocabularies/
ontologies

Metadata I
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Metadata level
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Why isn’t XML alone sufficient for the
basis of Semantic web?

« Interpretation of XML languages has to be defined in a domain-specific way
« Combining different XML languages is often difficult
*  We need a markup language, whose interpretation is:
- Commonly agreed
- Shared across different application domains
- Machine-"understandable”
* The semantics of XML is only in human brain
- <ADDRESS>
<NAME> Peter Programmer</NAME>
<PHONE>123 456</PHONE>
</ADDRESS>
- FIepireeéd
FE)& =L SN O RBHOO%ASSOON AF=HLY & =@
GR-Pl2e@r=E55 FESE2R-PIHE e
el AT el Y 123
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The Semantic web solution:
RDF Resource Description Framework

» General metadata description language for web resources

Relational model, not a syntax (as opposed to XML)
- RDF description = directed graph

Semantics is defined based on logic

Syntax/serialization RD F
- XML-based RDF/XML, especially for machines Metadata

- Simple triple notations (N3, Turtle, N-triples) for humans

Standardized and commonly used

- W3Cdraft 1999

- W3C recommendation RDF 1.0, 10.2.2004
- W3C recommendation RDF 1.1, 25.2.2014
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https://www.w3.org/TR/2004/REC-rdf-concepts-20040210/
https://www.w3.org/TR/2014/REC-rdf11-concepts-20140225/

S subClassOf (rdfs:subClassOf)
R domain (rdfs:domain)
D range (rdfs:range)

T instanceOf (rdf.type)

S

S
@ rdf:Property
T

assresssvsnsenrevsevanse Pasans

appkOrganisatio

ation vocabulary

RDF/RDFS represent-

ssavesnsavesnsensnsevsencenconhosclcssqrscrcercorenerernene

T T

appl:Pe

rson - " appl:marriedWith applfirstName
* R

s .

appl:Man appl:Woman appl:lastName

application specific
schema and namespace

R S e S e e ST
Lw
; ) E e
- appl:marriedWith - 80
http:/iwww.foo.com/W.Smith hitp:/iwww.foo.com/S.Smith asw
® YW
c =
appl:firstName appl:lastName appl:firstName appllastName @ g E
"E e
William Smith Susan | [ Smin | £z E
Q3
o
L]

Figure 3.4. An RDF-Schema Example (Maedche, 2002)



Metadata schemas

Standardized templates for representing (meta)data
« A set of elements describing object types (e.g., books in a library)
 Values for the properties describing individual objects (e.g., “War and Piece”)

Different content types typically require different properties
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Example: Dublin Core
for web documents

Set of 15 general properties for different content types
* Dublin Core Metadata Element Set (ISO Standard 15836)

- Title

- Creator
Subject
Description
Publisher
Contributor
Data

Type
Format
Identifier
Relation
Source
Language
Coverage
Rights

School of Science Computer Science
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http://dublincore.org/documents/dces/

Metadata Schema in HealthFinland

Table 1. HEALTHFINLAND Metadata Schema. Obligatory fields are marked in bold. Cardinali-
ties are presented in the column C.

Name OName C  [Value type |Value range
Identifier dezidentifier 1 JURI
Locator tsourl 0.1 |URL
= |Title de:title 17 |Free text  |Non-empty string.
r§ Abstract decterms: abstract 1% |Freetext |Non-empty string.
7 |Language de:language 1..*|String REC 3066
Z |Publication time |dcterms:issued 1 |String WICDTEF (IS0 8601)
g Acceptance time  |dcterms:date Accepted|0..* [String W3CDTF (IS0 8601)
S Modification time |dcterms: modified 0..* [String W3CDTF (15O 8601)
Publisher de:publisher 1..* |Instance foaf:Crganization
Creator de:creator 0..* [Instance foaf:Organization, foaf:Person or foaf: Group
Subject de:subject L% |Concept Y50, MeSH and HPMulti Ontologies
= |Aundience determs: audience L.*|Concept Audience Ontology
-% Genre ts:genre L.*|Concept Genre Ontology
2 |Presentation type |de:type L. Cm_mepl DCMI Type vocabulary
%‘ Format de:format 1 |String IANA MIME types
= |Medium determs: medinm 1 |Concept Medium Ontology
= |Spatial coverage  |dcterms:spatial 0.%[String or | DCMI Point, DCMI Box or Location Ontology
z concept
S Temporal coverage |determs: temporal 0.%[String or  |W3CDTE DCMI Period or Time Cntology
concept
Part of determs: isPartOf 0.%|Document  [URI
Rights dezrights 0..%|Free text or|URI or textual description
" document
g |Source de:source 0..* [Free text or|URI ie.g.. ISBN} or bibliographical reference
| document
& |Reference determs:references  [0.%|Free text or|URI fe.g.. ISBN) or bibliographical reference
document
Translation of ts:isTranslationOf 0.% [Document |URI
Format of determs:isFormatOf (0. |Document  |URI

¢ Multilingual values are allowed, but only one value in each language.



HealthFinland portal:
Maija’s eyeglasses — PDF document on the web

X
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TTL - Maijan vudet adyttépaatelasit http:/fwww.ttl flergonomia

Blssveacony =) @ P3| ) Hert ool [ seect nepshot Tool |- @, Zoomin<| D es @ - @ | L9 Aotate Clockwise =

Maijan uudet niyttopéiiitelasit

Sopivien silmalasien hankinta tis Ghan voi useinkin olla
adet, miten ikiniko: Maija péityi silmél

Matja sai lihmaon huonontuessa aluksi ulmlasit. Han hankk: kymmenen vuoden atkana kolmet

tukulasit: undet aina hinkan entistd vahvemmat.

Ptteelid inea alkoi Iiyda iselsi. Maija ei osannut kirjoittaa sokkena joten
EppAImMIStS) al 1 olt myds vilttamatonta. Niska ja hartiat jomottivat, silmia kirveli ja

vasemmassa silmassa ol elohiir viikkokausia.

P
voimalcas koukistaminen sitoo kisid ja
vaikeuttaa nappailytyoti.

Lululasit kaytossa
Maija jouto taivattamaan niskaa
voimalkaasti eteen ndhdikse
nappéimet. Padtteen ja nippdimiston
vuorottainen katselu aibeuttaa jatkuvas
niskan Liikettd.
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Comments
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Maija’s eyeglasses:
metadata in RDF form

"Maijan uudet néyttépaatelasit'@fi |

ts:Publication

de:title "Sopivien siimalasien hankinta tietotyahan voi useinkin

olla pulmallista.Seuraavassa naet, miten ikanakoinen
Maija paatyi silmalasiratkaisuunsa."@fi

dc:creator / /dc:publisher

dct:abstract

w ysometa:preflabel, i ai o]
---------------------------- > "tysolot*@fi |
ys0:p18893 XEQH@EEEEE.@?.('.—?PQ‘.% "pastetyd" @fi ‘
ts:genre -
e genre:infopage ____§_|I_(Q_S_._E[’_E;_f_|.__a_[3_§.[|_____ﬁ "tietosivu"@fi |
dct:audience
det:medium audience:A0069

rdf:type

dc:subject

http://www.ttl.fi/.../maijanlasit.htm

------------------------------ » 'maallikot'@fi |

dc:language de:format dct:issued

rdf:value rdf:type

"2006-09-18"
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Ontology Level
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“An ontology is an explicit specification of a conceptualization
...definitions need to be couched in some common formalism”
(Gruber, 1993)

- Explicit: machine can understand
- Common (shared): communication is possible
- Formal: precisely defined
+ Defines the concepts/objects and their relations in a given domain
» Afirst requirement for the humans and machines to understand each other
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Standard Upper Merged Ontology SUMO
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SUMO principal distinctions

» SelfComnectedObj
= Substance \
= CorpuscularObjec
= Food

= Region

= Collection

s Agent
Process

SetOrClass
Relation

Quantity

s Number

s PhysicalQuantity
» Aftribute

= Proposition

School of Science Computer Science S
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SUMO Obiject:

+ Ohject

o AelfonnectedOhject

m Substance
m PureBubstance
n ElementalZubstance
n Lletal
m Atom
m ZBubatomicP atticle

n Atomicucleus

m Electron
= Proton
n Meutron
n Compoundiubstance
n Water
m Lolecule

m DIiture
n Jolution
m Dlineral
m Bodybubstatice

m Biologicallyd ctivedubstance
n Hutrient
s Hormone

n CorpusculatTDbiect
m OiganicOhbject

m Oigarism
n AnatomicalZtracture
m Agtifact
n ContentBeatinoOhject
s Food
» Begioh

m Geographictres
m AstronomicalBody

m Hole

o Collection

o Agent
| ]
| ]
| ]
| ]

® Group
m GroupOfPeople
m Oiganization

Dirganizm
oL

Geopoliticald zent
Sentientd ent

:
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Address @ http:/webapps. getty. edufvowm AaTHierarchy ?find=2logic=AND&noke=8english=N2subjectid=300000000 V| Go Links *
[]
[ ] Research Tools / Wocabulary Databases - |
1 Art & Architecture Thesaurus On Line

¥ AAT Hierarchy Display

NEW SEARCH

4 back to previous page

VIEW CHECKED RECORD(S CLEAR ALL

Click icons (‘_E‘_) to view the hierarchy, Check boxes to view multiple recaords at once,

O =+ Top of the AAT hierarchies

HELP

Ot ... Aszociated Concepts Facet
O Associated Concepts

[ == Phiysical Attributes Facet
Ok Attributes and Properties
Ot Conditions and Effects
O& ... Design Flemnents

O& .. Color

Ot ... Styles and Periods Facet

O Styles and Periods

O ... Agents Facet
O People

O Organizationg

O& ... Activities Facet

O& . Drisciplines

Ot Functions

Ol . Ewents

O Physical and Mental Activities
Ot Proceszes and Techrigues
O ... Dlaterials Facet

O Materials

Ok ... Chjects Facet

Ot Ohject Groupings and Systemns
O& ... Ohiect Genres

O& .. Componetts

O . Built Environment

O ... Furnishings and Fouipment
O ... Wisual and Verbal Communication

=« Back to top
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http://www.getty.edu/research/tools/vocabularies/aat/

Universal List of Artist Names ULAN

* 120,000 Instances
* 203,000 names

* Index (+term:napoleon®) - Windows Internet Explorer

@ :/ [ http:jjinricd seco.hut.fiza080/onkitoimijajmain.htmterm=napoleon v 42 | X [poLCE ontology
: Google G+ v Go o & M B~ ¥F bookmarks~ Bhazblocked ' check ~ 3y Autolink ~ [ 5ENd o~ () settings =
W l%{nguwn\oad Subis. . {Gpostels  Home Ig ONKI-Browser .., W\W’Er\durant\sm-Wl.‘. {ﬁ' http:ﬂ/www.seco.ﬂ@Index (+term... % ]71 v B s - [rpane - (0 Taks - @
2]
Actor Ontology
Search
\ |
nationality filters [clik to remove]
American 2 m
Belgian 1
Brazilan 1 Results (27)
Canadian 2
ﬁ o Angiolini, Napoleone (ltalian painter, 1797-1864)
— Bellardel, Napoleon Joseph (French artist, active 19th century)
v Bonaparte (French artist, 1811-1832)
Romanian 1 Bonaparte, Roland-Napoleon (French photographer, 1858-1924)
Scandinavian 1 Bourassa, Napoléon (Canadian painter, architect. and sculptor, 1827-1916)
SouthAmerican 1 Coceetti, Napoleone (Jtalian painter, bomn ca. 1850)
Swedish 1 Coceetti, Napoléon (Ttalian painter, born ca. 1880)
R Delaunois, Alfred (Belgian painter 1876-1941)
role Eugen (Swedish painter and printmaker, 1865-1947)
Architect 2 Fiumi, Napoleone G. (Jtalian artist, born 1898)
ﬁ:ﬂ: 1 Gimbrede, Joseph Napoleon (American engraver, born 1820, active 1841-1860)
Collector 1 Heigel, Franz Napoleon (German portraitist, 1813-1888)
DecorativeAtist 1 Le Brun, Napoleon (American architect, 1821-1901)
Draftsman 3 Lepic, Ludovic (French painter, 1839-1889)
Emperor 1 Maillart, Diogene Ulyssee Napoleon (French artist, 1840-1926)
FigurePainter 1 Martimizzi, Napoleone (Jtalian sculptor, 1892-1977)
HistorPainter 1 Nani, Napoleone (ltalian painter, 1841-1899)
[‘::;:’;:' ;1 ) Napolean I, Emperor of the French (French ruler. patron, and collector, 1769-1821)
BTt Neureuther, Eugen Napoleon (German lithographer, ilustrator, and painter, 1806-1882)
more. Orsini, Napoleone (talian patron and cardinal, ca. 1263-1342)
o Parisani, Napoleone (talian painter, 1854-after 1884) —
Person 27 Poty (Brazilian engraver, born 1924)
- Primol, Giuseppe (ltalian photographer, 1851-1927)
Sarony, Napoleon (Canadian photographer, 1821-1896, active in Great Britain) 3@
] _



http://www.getty.edu/research/tools/vocabularies/ulan/

Geonames

« C(Classes: 9 feature classes, 645 feature codes

 Instances:

— 8 million geographical names, 6.5 million unique features, 2.2

million populated places, 1.8 million alternate names
— Registries and Wiki used for populating the ontology

GeoNames - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help
@ - (&t | 3 | htep:ifwww.geonames.ora/maps/showOnMap?a="*+cauntry:F1

8] Most visited | ] Customize Links || Free Hotmail || windows Markstplace | | Windows Media | | windows
|| OWL web Ontology Language Oversiew ) GeoNames 8

GeoNames Home | Postal Codes | Download f Webservice | About

w3 owl

search country:Fl Login

Map center : N 479 0' 0" E 89 0° 0"

Europe.
Atlantic.
Ocean’
FONERED BV Africa
o8 . TeS ol
ERYEE S|

searching for "* country:F1"

Wikipedia

features

om

®
( city, village...

rmountain;hill,rack.

stream, lake, .

country, stats, region..

parks,srea, .

road, railroad

spot, building, farm

forest,heath,

® underees

L na festures found in map ares. zoom out or Move area

Explore0urbla. net

google earth  tagzania
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TGN Thesaurus of Geographical Names

012,000 records

1.1 million names,
place types,
coordinates, and
descriptive notes

Places important for
the study of art and
architecture

TGN Full Record Display, English (Getty Research) - Mozilla Firefox @@
Fie Edit Wew Higtory Bookmarks Tools Help
@ - v | MR bkt v getty edufvow TEHFUIDisplay?Find=helsinkisplace=gnation= 7 | +| TGN Getty J:
[iB] Most Visited | ] Customize Links | | Fres Hotmai | ] Windows Marketplace | '] Windows Media | ] Windows
| '] oL web Ontology Language Overview I TGN Full Record Display, English (... E3
S
Research
Research Home ¥ Conducting Research ¥ Thesaurus of Geographic Mames b Full Record Display
Getty Thesaurus of Geographic Names® Online
Full Record Display
O, Hew Search APrevious Page HHe=lp

“ernacular Display | English Display
Click the o's icon £o view the hierarchy.

1D: 7009880 Record Type: administrative
& Helsinki (inhabited place)

Coordinates:
Lat: 60 08 00N degrees minutes Lat: 60.1333 decimal degrees
Long: 025 00 00 E degress minutes Long: 25.0000 decimal degress

Note: Located on peninsula in Gulf of Finland; founded by King Gustav Yasa of Sweden in the 16th century to
compete with Reval (Tallinn), Estonia across the gulf; ravaged by plague in 1710, and fires in 1710 and 1808;
prospered after being strongly fortified in 1748,

Names:

Helsinki (preferred, C ,W/,MN)
Helsingfors (C ,\,M)

Hierarchical Position:
world (facet)
... ELrOpE (continent)

o oo Finland (nation)
o Eteld-Suarmen Laani (province)
o «... HelsinkD (inhabited place)
Place Types:
inhabited place (preferred, C) ..o founded in 1550 on the WVantaa estuary, moved to present site S of the
estuary in 1640
city (C)
national capital (C)
port ()
provincial capital (H) L of the former province of Uusimaa until 1998

Sources and Contributors:

Helsingfors [BHA, WP]
Times Atlas of the World (1994) 83
[BH&, FDA, GRLPSC, VP]
Canby, Historic Places (1984) 11, 385
Columbia Lippincott Gazetteer (1961)
Encyclopaedia Britannica (1988) \, 820
Times Atlas of the World (1994) 83
USBGH Bulletin 16 (1998) 3
wiebster's Geographical Dictionary (1984)

Helsinki.
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Ontology types

L
o)
©
O
S
e Numbers Axiomatized theory
< o - formal system
O .
g c - logic-based
>
Taxonomy
- relations
- inheritance
s Thesaurus - constrains
g - relations
c - NT, BT, RT etc.
21 /el
52|/ e
o - word lis _ _
g 'g _ little structure Philosophical text
L S

—

Ontological complexity/depth
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W3C standards for Semantic web

ontologies/vocabularies

SKOS Simple Knowledge Organization System
 Light-weight semantics

« E.g., for representing existing glossaries, classification schemes,
thesauri

OWL Web Ontology Language
 Rich semantics based on logic
« Supports more reasoning

,, Aalto University Department of SeCo
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http://www.w3.org/2004/02/skos/
http://www.w3.org/standards/techs/owl#w3c_all

Finnish Ontologies: ONKI.fi

e ON KI Ontologies and vocabularies  Schema library  Data library  Administration suomeksi in English

Username:

Welcome to the Finnish Ontology Library Service ONKI!

The ONKI service contains Finnish and international ontologies, vocabularies and
thesauri needed for publishing your content cost-efficiently on the Semantic Web.
s are conceptual models identifying the concepts of a domain. They contain
ine "understandable” descriptions of the relations between the concepts.

ONKI is published and maintained by Sem: LIt
is part of the on-going project to build a national semantic web infrastructure to
Finland (FinnONTO).

Ontologies and vocabularies Why not give it a go?

Browse and search all available ontologies and vocabularies See if any of the available ontologies or vocabularies match
with this online user interface. The ontologies and your annotation needs by searching with the quick search
vocabularies are listed on the front page of this service. below. Please observe the selected search language.

You can also access any of the available ontologies or Search language: | e
vocabularies with the developer APIs listed below.

Beta services

The following ONKI services have been released, yet their ~ /
content is being developed mostly during the project
following FinnONTO 2.0.

Data library Schema library
Datasets published by FinnONTO projects in Metadata schema documentation as machine-
machine-readable formats (RDF and Linked readable schema descriptions for systems

Data) as well as API access using SPARGL. created in the FinnONTO projects.




ONKI -> Finto.fi

The national vocabulary and ontology service Finto opens here in January
2014. The service will provide a user interface for browsing and searching
vocabularies. By using the open interfaces, anyone can integrate the
provided vocabularies to their applications.

The currently provided vocabularies include:
General Finnish thesaurus
General Finnish upper ontology
Medical Subject Headings
Finnish Ontology of Health and Welfare

(£ Try out the prototype service

Finto is developed in the ONKI project by the Finnish National Library in
collaboration with the Ministry of Finance and Ministry of Education and
Culture.

@ Read more about the project

The ONKI ontology service was originally developed by the Semantic
Computing Research Group at Aalto University as part of the FinnONTO
project (2002-2012). This service is available at the address onki.fi.

Responsive & The National Library of Finland
image = Contact the project



Metadata + Ontologies =
Linked Data (Web of Data)

eCo



Finnish Biography center and libraries
collect historical data of people

person name occupation birth place
P1 Akseli Gallen-Kallela artist Lemu
P2 Gustaf Mannerheim marshal Askainen

"Akseli Gallen-Kallela”

"Gustaf Mannerheim”
occupation
» marshal

birth place




Museum catalogues paintings

Work |name creator time |Topic
WA1 Portrait of Mannerheim |Akseli Gallen-Kallela |1929 [Gustaf Mannerheim
w2 Aino Triptych Akseli Gallen-Kallela 1891 |Aino, Kalevala

creator

"Akseli Gallen-Kallela”

"Gustaf Mannerheim”
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Land survey maintains place registries

municipality |province

Askainen Varsinais-Suomi
Helsinki Uusimaa
Lemu Varsinais-Suomi

Turku Varsinais-Suomi




National library builds ontologies

KOKO ontology

subclassOf

- - subclassOf
~ ~o - -

~ =~ =
~ RS -
N N ~o -
4
N =~ subclassOf
e \ A subclassOf S~al ~<_
-
P N AN -
AN .
e subclassOf "\ S occupation
7, N
7 N
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Semantic RDF graph combines them
all: Web of Data

~~._
occupation

subclassOf

42



Linked Data — Web of Data

 Utilization of distributed work
« Aggregating massive cross-domain contents
 Linked Open Data thinking SN E @)

» Semantic portals fiii-;\l (= o) 5%
. 4 \I;‘ ‘\\Tg'?_n;\?ﬁu
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() >/ (& N e )
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Rule level
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The idea of rules

« Semantic web semantics is based on logic
« Logic: “new” information can be derived from old by reasoning

School of Science Computer Science

A’, Aalto University Department of SeCo
oo
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Rule Markup Language RuleML

Standardized XML notation for rules

1 <ruleml:imp>

. <ruleml: rlab ruleml:href="#examplel™/>

; <ruleml: body>

; <swrlx:individual PropertyAtom swrlx:property="hasParent":>
! <ruleml :var>xl</ruleml :var>

; <ruleml : var>x2</ruleml:var>

! </swrlx:individualPropertyhAtom>

E <swrlx:individualPropertyAtom swrlx:property="hasBrother":>
: <ruleml :var>x2</ruleml : var>

E <ruleml :var>x3</ruleml:var>

' <fswrlx:individual Propertyhitom>

E </ruleml: body>

i+ <ruleml: head>

i <swrlx:individualPropertyhAtom swrlx:property="hasUncle">

E <rulenl:var>xl</ruleml:var>

! <ruleml : var>x3</ruleml :var>

E </swrlx:individualPropertyhAtom>

i </ruleml: head>

</ruleml:imp>

46
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Application example:
MuseumFinland recommends

Inference rules tell machine about the world
« E.g., that "student’s cap” is related to "parties”

- E.g., that entities are related to each other if their superclasses are
related to each other

* Etc.

Based on the graph of metadata+ontologies, machine can:
» Reason interesting new relations between museum items, and

» Provide them to end users as recommendation links

School of Science Computer Science

A’, Aalto University Department of SeCo
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Application example: MuseumFinland

A

@ 13> ‘E, httpsf . museosuomi. fijiem?|=fim=08sb=http%: 38%ZF %2Pwaw. cs. helsinkl, fit 2F group®2Fseco % 2Fns%ZF2004 % 2F03%2F 1 8-esinekorttivh23Lat "‘ *2|| % ‘SEmantlc ‘web Rule Language SWRL P~

%* & (g3 jl@MusenSunm\

x Ihttp:#www‘cs‘mar\.ac.u)dm... l I

»

B - B - & - [Eheees -

HELSINKI
INSTITUTE FOR
INFORMATION
TECHNOLOGY

[
UNIVERSITY OF HESINKI

Uusi haku | Takaisin hakusivulle | Ohjeet | Tietoa ohjelmasta | MuseoSuomi-palaute | 52 English Tutorial | $8 About MuseumFinland

Pullonsuojus, 2 kpl:istuva koira

=) Kohteet (4122) )
(<) Pullonsuojus, 2 kpliistuva koira (> Ripustin:henkari, 'Finn Lassie")

Materiaali: viinapullo: lasi, pulonsuous: lanka
Valmistaja: Karhulan lasitehdas, Tapio Wirkkala
Valmistusaika: 1962, 1970-1 n.

Kiiyttépaikka: Etela-Suomen lHni, Suomi
Asiasana: ALKOHOLITUOMAT, ELAINHAHMOT, KORISTE-ESIN
Mitat: pullon pohjan: halkaisija 6,5cm, korkeus 22, 5cm, pullonsuojuksen:
29.0cm

Museokokoelma: LAHDEN HISTORIALLINEN MUSEO
Vastunmuseo: LAHDEN KAUPUNGINMUSEO

Asiasanasto: Lahden kaupunginmmseon sanasto

Esineen numero: LKM:LHM:LHMES:95073:154

ID: 95073154

Viinapullo: Alkon Koskenkorvapullo. Lieriomiinen, loivat hartiat. Kol
puuttuvat. Pulonsuojus: istuvan koiran muotoinen pullonsuojus. Muodo:
osasta: koiran vartalosta ja paasta. Koiran vartaloon on ommeltu viisi I
hants). ylhaalls lankakiristys. Koiran p44 on virkattu talouspaperinillast:
vympirille. Kasvoissa mustat napit silmin3, erillinen pieni kuono ja kolm
(posket ja paslaella oleva otsatukka).

Esinetyyppi:
o pukineet ja tekstifit (1505 > (328> sisustus- (265)
> suojatekestiilit (11> irtopddlliset ()

- mateciuskt (3777)> tekstifmterinati (691> Jawtka (191)

+ materiaglit %7 > mumt materiaalit (61> lasi (107
Valmistaja:

o yritykset (1247)> Karhulan lasitehdas (%)

o henkilot (467> mies (41> Tapio Wirkkala (5

Valmistusaika:

Eero Kallio:
+ Keriilvkortti, 14 kpltuotemainoskortti,
erilaisia

+ Kulho. 4 kpljalkimokakulho

» Pishine, michenturldislaklci, 'suildkca'
» Taskuliina, michentaskuliinan korvike
» Jalkineet, mishenkoripallokengat

Samaan aiheeseen liittyviii esineiti
alkoholijuoma:

» kanisteritaskumatti

+ kanisteritaskumatti

+ Lkanisteritaskumatti

+ vimipullodasipullo

» pullodasipullo

» lavakirja kavakirja, kangasta

+ helistin ;puruleln

+ muovikarhuvinkuva karhuleln

+ saastolipasvanerilipas

+ malja-pinrvati
feoriste-esineet:

» huoncentauhrmistelausetauhn

» Ivhitvielivlamppu

+ kanmikoristekanmu

+ Loynttilanjalka

+ maljakkomaliaklko

Sama materiaali

lanka:

+ neuletakkinaisen neuletakki
o tauhrkehvstetty kirjontatve v

& mternet P 100% -
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Application domains of Semantic web

* Interoperability

* Information retrieval

« Recommender systems
 Knowledge management
 E-business and web services
* Profiling and customization

https://www.w3.0rg/2001/sw/sweo/public/UseCases/

A’, Aalto University Department of SeCo
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What is new?

PROGRAMMING ARTIFICIAL

INTELLIGENCE

Object-oriented Description logic
modeling semantics

\‘/
|

XML syntax,
RDF data model, ...

WWW TECHNOLOGIES

,, Aalto University Department of SeCo
School of Science Computer Science N
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What is the Semantic web?

Content perspective: A new metadata layer on the web describing its contents in terms of shared
vocabularies, i.e., ontologies

* Web as a global database system
* Web of Pages vs. Web of Data
Application perspective: Machine-understandable web
» The meaning (semantics) of contents accessible to machines
* Enables human usage
- Intelligent web services

- Semantic interoperability Rules
Technological perspective:
Next layers above XML
« W3C standards: Ontology

RDF(S), OWL, SPARQL, etc.

Metadata

o] uncoe 8



http://www.w3.org/2001/sw/
http://www.w3.org/2001/sw/

Questions
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