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two major forms of search: navigational and research.

(1) navigational search,
the user is using the search engine as a navigation tool to navigate to a particular

intended document. Semantic search is not applicable to navigational searches.

(2) research search,

the user provides the search engine with a phrase which is intended to denote an
object about which the user is trying to gather/research information. There is no
particular document which the user knows about and is trying to get to. Rather,
the user is trying to locate a number of documents which together will provide the

desired information. Semantic search lends itself well with this approach that is

closely related with exploratory search.

The 5 Steps of Google's Semantic Search
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Figure 1. Topics, associations, and occurrences

Figure 1& &3 WOl 37}X] HAAMQAS HoHFZ1 Qth It also shows how the
distinction between topic-to-topic and topic-to-resource relationships enables a
partitioning of the model into a topic space that contains only topics and
associations between topics and a resource space that contains the resources
related to topics. This partitioning is interesting because it allows a topic map
developed for one set of resources to be repurposed to index a different set of
resources. In this way the topic map can be considered to be a portable form of
knowledge.

Unlike domain-specific models, the topic map model has no predefined set of
types. Instead, individual topic map authors or groups of authors in a community
of practice can define the model for their domain of interest and share those

models with other authors from other domains.

Topic Maps in Detail

1) Topics
A topic is a machine-processable representation of a concept. The Topic Maps
standard does not restrict the set of concepts that can be represented as topics in

any way.
2) Associations
Associations are the general form for the representation of relationships between

topics in a topic map.

3) Occurrences



Occurrences are used to represent or refer to information about a concept
represented by a topic.

4) Scope

Scope is the term used in the topic map standard to refer to a constraint or a

context in which something is said about a topic.

Interchange and the XTM Syntax

ISO Topic Maps standardofA+= F+ 7HA9] BE W ZHe AFosti o stu+=
SGML-based ©o]il tf2 3stib= XML-based ©]t}. A simple example of a topic map in

XTM syntax is shown below.

<topicMap xmlns=http://www.topicmaps.org/xtm/1.0/ xmlns:xlink="http://www.w3.org/1999/xlink">
<topic id="band">

<baseName>

<baseNameString>Band</baseNameString>

</baseName>

</topic>

<topic id="person">

<baseName>
<baseNameString>Person</baseNameString>
</baseName>

</topic>

<I--Similarly for membership, group, singer and guitarist
-=>

<l-- The Clash is a Band -->

<topic id="clash">

<instanceOf>

<topicRef xlink:href="#band"/>

</instanceOf>

<baseName>

<baseNameString>The Clash</baseNameString>
</baseName>

</topic>

<l-- Joe Strummer is a Person (note multiple names) -->
<topic id="joe-strummer">

<instanceOf>

<topicRef xlink:href="#person"/>

</instanceOf>

<baseName>

<scope>

<topicRef xlink:href="stage-name"/>

</scope>



<baseNameString>Joe Strummer</baseNameString>

</baseName>

<baseName>

<baseNameString>Joseph Mellor</baseNameString>

</baseName>
</topic>

<!-Joe Strummer is a member of The Clash -->

Note separate member elements used for the different roles played-->

<association>

<instanceOf>

<topicRef xlink:href="#membership"/>

</instanceOf>
<member>
<roleSpec>

<topicRef xlink:href="#group"/>

</roleSpec>

<topicRef xlink:href="#clash"/>

</member>
<member>

<roleSpec>

<topicRef xlink:href="#singer"/>

</roleSpec>

<topicRef xlink:href="#joe-strummer"/>

</member>
<member>

<roleSpec>

<topicRef xlink:href="#guitarist"/>

</roleSpec>

<topicRef xlink:href="#joe-strummer"/>

</member>
</association>
</topicMap>
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,i_i AR = %E% B33}, Similarly, ontologles are typically far more
flexible as they are meant to represent information on the Internet coming from

all sorts of heterogeneous data sources. Class hierarchies on the other hand are

meant to be fairly static and rely on far less diverse and more structured sources
of data such as corporate databases.
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OWL and OWL2 are used to refer to the 2004 and 2009 specifications, respectively.

V. Linked Data And The Semantic Web

<http://www.linkeddatatools.com/semantic-web-basics>
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1.1 Example Of A Data Graph
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1.2 Graph Model R|A]29] of
http://dbpedia.org/resource/Billie_Jean has a singer whose value is Michael Jackson
» Subject: http://dbpedia.org/resource/Billie_Jean (URI)

» Predicate: http://www.example.com/terms/singer (URI)
» Object: Michael_Jackson (Literal)
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1.3 Example Of RDF



01. <?xml version="1.0" encoding="UTF-8"?>

02.

03. <rdf:RDF

04. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

05. xmins:dc="http://purl.org/dc/elements/1.1/"

06. xmins:region="http://www.country-regions.fake/">

07.

08. <rdf:Description rdf:about="http://en.wikipedia.org/wiki/Oxford">
09. <dc:title>Oxford</dc:title>

10. <dc:coverage>Oxfordshire</dc:coverage>

11. <dc:publisher>Wikipedia</dc:publisher>

12. <region:population>10000</region:population>

13. <region:principaltown rdf:resource="http://www.country—regions.fake/oxford"/>
14. </rdf:Description>

15.

16. </rdf:RDF>

A2 9o gl el ARetAl oteh fale Ul ol Al ZEZ Aotk AlFe
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ojHof= IHst RDF/XML AAl#& &ofl, o] +4JQaA S0 tioto] gotH A}

01 .<?xml version="1.0" encoding="UTF-8"?>

02.

03. <rdf:RDF

04. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

05. xmins:feature="http://www.linkeddatatools.com/clothing—features#">

06.

07. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t-shirt">
08.

09. <feature:color rdf:resource="http://www.linkeddatatools.com/colors#white"/>
10.

11. </rdf:Description>

12.

13. </rdf:RDF>

o] ZHIEOJA of2fE2 WA A RDFoA ZA, &7, AA7F of2A] el 7]=%=X]
of tisll &= 7Fotof gt

2. Introducing RDF/XML
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2.1 Building An RDF document
>Add The RDF document Root Tag

A, RDF root nodeg T}t o] Z7tsl| EAL:

1. <rdf:RDF

2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#">
3.

4, <!-- Body Code Omitted ——>

5.

6. </rdf:RDF>

Aol oo = F WA} &4, o2+ BFSHE W3.org namespace?!
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>Add A Statement

RDF CHIWIEO|: sl ol4ho] AlA|Bo] Zad 2 9ok UTshd Sejs shts 271 2
ojt}. RDF/XMLOA ZA](subject)S A 2]5t= ¥W}H O <rdf:Description> tagS At8st= 7

ofch. Theu Zol He A AAES Ak BAL

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#">

03.

04. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t-shirt">
05.

06. <!-- Statement Code Omitted ——>

07.

08. </rdf:Description>

09.

10. </rdf:RDF>

HollM &2 Moz mAH <rdf:Description> tago] o] A TaliA o3 :
U= A t-shirto]  Ofstof(about)  Zl(describe)st®, 719  FUgt D+
http://www.linkeddatatools.com/clothes#t-shirt o]c}.”
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HE 7ty 9+ container oJt}. t}h-39] Oﬂoﬂlﬂ Z}7Y9o] resourcest bookso]il, T7%19] A
ARHURDE Agolct. 12] 2 zzte] Aol grge] Axte} molx] 2t masol 9lrt.



Book Source Example

<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF
xmlns:rdf="http://www.w3.0org/1999/02/22-rdf-syntax-ns#"
xmlns:lib="http://www.zvon.org/library">

<rdf:Description about="Matilda">
<lib:creator>Roald Dahl</lib:creator>
<lib:pages>240</lib:pages>

</rdf:Description>

Il 2Jo] <rdf:Description />9] & 2 J7|¥H:

<rdf:Description about="Matilda" lib:creator = "Roald Dahl" lib:pages="240" />

<rdf:Description about="The BFG">
<lib:creator>Roald Dahl</lib:creator>
<lib:pages>208</lib:pages>
</rdf:Description>

<rdf:Description about="Heart of Darkness">
<lib:creator>Joseph Conrad</lib:creator>
<lib:pages>110</lib:pages>
</rdf:Description>

<rdf:Description about="Lord Jim">
<lib:creator>Joseph Conrad</lib:creator>
<lib:pages>314</lib:pages>

</rdf:Description>

<rdf:Description about="The Secret Agent">
<lib:creator>Joseph Conrad</lib:creator>
<lib:pages>249</lib:pages>
</rdf:Description>
</rdf:RDF>

9o CHHMES] Ak ohgut Pk

Author Title Pages
Roald Dahl
Matilda
240
Roald Dahl
The BFG
208
Joseph Conrad
Heart of Darkness



110
Joseph Conrad
Lord Jim
314
Joseph Conrad
The Secret Agent
249

= olsir} We? A% welEAl.

>Add Predicates
ofg|&o] Ao tiall gelstHA 79 183t IDE Aol XA, I A9 E4o] Of
M ofF Ak AJoJshA] ATt RDF XAl Zo|X = 47d(predicates)s AM&sto] sid &

Ao 5452 Bttt

Zksa, T-shirte] 44 % sH4Ql sizeS cheat Zo] 7t Ak

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03. xmins:feature="http://www.linkeddatatools.com/clothing—features#">

04.

05. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t-shirt">
06.

07. <feature:size>12</feature:size>

08.

09. </rdf:Description>

10.

11. </rdf:RDF>

9o] 79K &S BAL FAEHA WilA o] FAl= <featureisize> Ejlo]E0g 7]&H
7he) &£4S 2L lon, o] £/4d9 A 2 120t RDF Aw&olz o]7lo] vz AJA]
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Mo o

=

23 3R] 2o o] &/do]g¥et ofyel o] XM AMEE= 47d0]F2] namespace?]
1S

tigt URIZE ®AJE]o] QloHe 218 &elsta).



O 2, T-shirte] AWZQl color £ st ¢ oyt o] F7ts| HAL

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03.

04.

05. <rdf:Description rdf:about="http://www.linkeddatatools.com/clothes#t-shirt">
06.

07. <feature:size>12</feature:size>

08. <feature:color rdf:resource="http://www.linkeddatatools.com/colors#white"/>
09.

10. </rdf:Description>

1.
12. </rdf:RDF>

o] <featureicolor> £40] BHE <feature:size>?} CJ2C}= 712 A9rS Zio|oh A ¥
&40 FAF % 1271 QIQIE wiHof, o Zol= E OE AJA|F9 subject(ID)E TR
Ste = A8l =0t olgish melo] &2 Zlo|ty. RDFoA 7AXl= o AAlzol As F

AE A2 2 Ut

N &4 rdfiresource= Th2 <rdf:Description> elemento]A] #Q]5til Y= resource?
aboutet YHE AHs=H AHEE 4 Atk o329 Book Sampled AT HX}:

Book Sample

<rdf:Description about="RD">
<lib:firstName>Roald</lib:firstName>
<lib:surname>Dahl</lib:surname>
</rdf:Description>

<rdf:Description about="]C">
<lib:firstName>Joseph</lib:firstName>
<lib:surname>Conrad</lib:surname>
</rdf:Description>

<rdf:Description about="Matilda">
<lib:creator rdf:resource="RD'/>
<lib:pages>240</lib:pages>
</rdf:Description>

<rdf:Description about="Heart of Darkness">
<lib:creator rdf:resource='|C'/>
<lib:pages>110</lib:pages>
</rdf:Description>

208 Zol7bA, <feature:color> £42 3WA] £9] xmlns:featureo]| o]0 Z3tE
L 1= olsistojof stch. thAl @A, xminsifeature®] o2 2AE0|E= o] size



ID7} http://www.linkeddatatools.com/colors#white?l X|A] &S ArARst1
=0] feature:coloro|ef= 0|52 st 7iQ] &£/4d5 7HA|AL Qlo'2tal st ot

2.2 Breaking Down The Statement

Ol Zretet oo} RDF otfHIES A

El
tr
=
Ho
i)
N
=
Fo
Py
o

AR AAES YA E

<rdf:Description rdf:about="subject">
<predicate rdfiresource="object" />
<predicate>literal value</predicate>
<rdf:Description>

e -

2.3 A More Thorough Example

OlAl B AlZof Alut fE iz HojEoA o

r

A o2 w S0} Ak

01.<?xml version="1.0" encoding="UTF-8"?>

02.

03.<rdf:RDF

04.

05.xmins:dc="http://purl.org/dc/elements/1.1/"
06.xmins:region="http://www.country—regions.fake/">

07.

08. "http://en.wikipedia.org/wiki/Oxford">
09.<dc:title>Oxford</dc:title>
10.<dc:coverage>Oxfordshire</dc:coverage>
11.<dc:publisher>Wikipedia</dc:publisher>
12.<region:population>10000</region:population>
13.<region:principaltown rdf:resource="http://www.country-regions.fake/oxford"/>
14 .</rdf:Description>

15.

16.</rdf:RDF>

91o] o2 21 AHA9] oldH S HAESI BYE Roprt QXS 47| Ysto], theo] A
ol 2 & A=AlE 222 Qs Bet

m Subject of the statement?

m Predicates of the statement(including whether they are resources or literals)?
m Objects referenced by the resource predicates?



O|A] RDF ThRHEZ olsfisiil, 2710 tojg] Tejme} ojF #HAZL A=A
2122 RDF graph dataz A|HIEl=S mHalst dhdHof tiste] & &u|7} By

olf] 92l T-shirt RDFO|A $ash A4S 2% URlst chgel Jejmel Zoin 2
& 9k

hitp:/f/www linkeddatatools.com/clothes##i-shirt

’- ]
/ ‘\
! 5
!
http://www.linkeddatatoolg.com/clothing-features#color X \
/ \
/ hltp:waw.iinkeddalatouls.camﬂﬂqthing-features#size
%
A

%
hitp://www.linkeddatatools.com/colors#white .
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3. Semantic Modeling
RDF7F & AIAMOR e 7h5et ololel2 2l2dslr] st felstn 1em-Fye] w
Uyt o

2 Algsts wielo], 27to] ofH ojoju} oJuls AlFsHAlL ehirh. olA] AHA
b5t HolE mae AesiA 2AlEo] 2olQixlo] ths) LopmAL

3.1 Why Include Semantics In Data? Knowledge Integration

clolglo] AIHE oJulg F7Ist= 7 Sa%t oldds 59 stue AbsAoz gt XA
FHez VRS WA 4 Qlok= Zolth. X249 EHQl(domains of knowledge)ol?t FS1¢l
71?7 7VcHst of| 2 Abm B A}

HY oM, F 7l F AlESS A2 SYACR FUSIUCH o Alo]Ex At atA
o] Oscar 4+ Foto] tiet JHE SAEsHY lon, O AC|E: Z2ft dy ot

o] 710 thgh it 2of HojefHo]A ojct.



MS sSQL
Orscar Winning Films DB

MySQL
Actor Biographies DB

f
W

http/fwww . oscarwinners. fake http:/fwww . actorbiographies2go. fake

JEAR § o AHAISC] W AllE dlojEfuo] Ao Bgk
Afol £ Zto] AW Ag glo] ofEA FRBLI} ol
UL ARG F Afo|E7} oA A

HU i mOl'
F—

1) Sharing Without Semantic Modeling

sha]ec vjof tst MySQL databaseo|C}. o]ZH =L http://www.oscarwinners.fake 1
2] 11 http://www.actorbiographies2go.fakeo] z+z; mstg]o] Qick. T2]il o] & Alo]E=
N2 Sdoln), Yelatr] e,

T AOIE ZoA dle= Ze A7 g9geto] oist MS SQL database©]i, ® it
‘I,

Ao AAE B & QA £pAFHESLE 2] AESTLL Q)
Fehueo] 2JlAE® Zhu Q)

4
o2 Je 2&sT Q& OF

Oscar Winners Ao|Ex= 1 o]EX
oW, &3 AREAN FHS B2
3 9

Eolt 0|59 o2 HALA o]¢]

u[m
_I_a

_ljl
]
o
)
rl:l
|d
rp
o 3

Actor Biographies AO]E& JAfERF o2} #tAo] pI2 &2]e= vjLSof tisto] ehRlst
A7) G AERTE ofy2t 7C01 EA% gt YrET 7WL AT}, 2y o]Ro FRIE]
L g Hgsto] thst ojmst film-plots(Fst1A), T screen-shot(image)S 7HA| L QUA]
AT,

o[A| o] & Ato]EZ} 419 flojy mHHTH 7|E9] AFAQl fgoly 23 AREStY ¥
& 4 Qe Yol gisto Ao EAL

» 551 DalA, http://www.oscarwinners.fake®] O]&At= &£AujL0] o]22 Zals}
|, 250 disi 9 w2 AEE s & At olFel o - o] AEE
http://www.actorbiographies2go.fake®] MySQL databaseo] A&r&o] Q)ct.

m £Zro], http://www.actorbiographies2go.fake®] o]-&A[7} &Au|¢=2] Fotolg2 =4
st O We AHE AL 4L 9lt} o]7l& http://www.oscarwinners.fakeo] 9= MS SQL

databaseo] A7&% o] Qlct.



B T8% AHal=9 golgHoj Ao 9l HolE&S& Z¢(joining)
A + UA, oA ASHE FHHCR AAEGouZ, = fo|
Ejdo] A0 Q&= Z7h9] Jepujeu FJetE A ASH= primary keyE -&7]2Hsynchronized)
Ut ol TAIE sliAsty] 91sto] o]Z 52 mappeddojol & Zlojth. T2|n ® 5}
Zg/d0o] Q& tolEH|olA AH] AJARIE ARESELL QITh= o]

o},

m APAlE0] AR ARESELL Qe dlojEjH|o] A0l FHS J5to], ZF AlO]EQ] AJRAIEE T
Oog gt ¥ uijo] digt 1273t ID schemez 50l JEE TRE & Uv 559 o]
B 2WS ZAAcor & Aot olg E0], A5 AAOEoA MR Fdaof me} FHu
£ 87T & Qv st XML ERIES THEOd, o]7o] 7hsd Zojt). o]fl $AloZ X}
AlE0 JE F7E THAE & 9

olA] RDF¢} semantics2 47§5t7]2 oIth. RDF9F SWE ARESto] 9feof 22 ZA1S si2dd
2 Sl gl disto] dopEA} - RE Jl2 ALEHOoz o] fojA|n,
T

dett.

(e]

2) Sharing With The Semantic Web Model

AlREl @eEofA, HA o3 22 Fast &ojo] tis] o|slistofof gt} Vocabulary <F
Ontology

= Vocabulary — contexts {tof] o7} & dR|st= &oj59 Aot

m Ontology - $2]& sty A= vocabulary Ho £0]9+= contextual relationships
£ AYsttt. o]R2 A|AY] g5 AYst= cornerstone oty 2ERA|E FAANCR 7
9J5t7] sl AtEst= Adoj= OWL (Web Ontology Language)o]t, ©o]712 RDFS (RDF
Schema)g ARl Aoz o3 oA dYstrl= gt

Bgoe Sophy, AWy BEYS ALgalol 927t £ Jj9 Ajo|ES] Alu2leg oA
25} Sfojof aHE7}?

Oscar Actor

Wipn'rng Biographies
Films

Common Knowledge Domain
Film Summaries & Actor Bios




QAWCEE YA, T A|ESE 359 EEMQ vocabularyd JREsIof, o]2g 2
/d(contextually) AX|5t= 2 7]%35t=g] ALstojof sttt o2 Sof, 80
film title’e £ Ao]= 2 EolA BUY AR(thing)g oJvlalolo} alol, gof “actor name
1} 'actor birthdate'= OF:t7FA] o]th,

ontologytt common

02 o]% & Ao]EL

=

=2
elo] osiqE EUT HolHE AL 4 . HPe Aupt £pe
S T

vocabularyS AEstal Q= & APo]Eof o5 UERd ol £F
QoA M2 wAl(communicate)dt 4 Qlct.

ol2gt &F3 5ol vocabulary &0l Ho|E[o] A oJulE L 4 Aoy, EF Y
S

2t o]2|gt BE vocabularyZt AAA A0 AFEEITHH(in place):

n
S~
>
3
m
I
H'l
b
ofo

oz MzoA 2 & Qlth

s The Oscar Winning Movies sitex= on-demand A1 0 & the Actor Biographies site
o] v} o]F2 HT 4 Jdon], I Fgto] EASH SFst FHu|Rof Tjjsto] Ho; ApAgH
Jug 92 & 9ok

m The Actor Biographies site 9A] on-demand A1 02 Oscar Winning Movies site9

9t film plotsg olF H2 4 glon], vle7t FAMH Jshsol cfstol o @AM
Yug dg 4 ook

= 0| 8= o]2|st F3 & mEZo|(linked standard terminology)E AH&sto], TA1A Q1 <A
2E2AfA AoJstl Q= contextual relationships(2WHAE HG)S o] 835to] G|
S Geto] dieh EFFat A2 F7HE A¥ FAE, JdetEge 22 dol dojd gget

BEE dS

E =
R, U0 ALY, e FAT AR o8] AstE da 550 B4

S|

(e}

YE Jroin PYEa shal 2 o,

AN

39

9)= transformation, mapping, £+ contracts®}t
3t Aeglo] olojxfof sttt AmH o2 o] Ato]E9 RE Fwi vl o)

fel= o2 dYoA SW 2E=2X]9 FAd(makeup)o] Flo]in, ofz{Fo] AHE Ho]E 4|
O] A0f|A ojEHA %’Hﬂ%xl, J2]u ARjo] O70A Z|AA %%(machine inference)s ¥
‘dot= wedol dis vi-& Zolct.

3.3 Metadata Initiatives

AA19] =HQlofA] 80]& #HISH= #ESE vocabularies, £ FAIA ontologies= o]u] c}



oFst =A| - o2 =0], media terms, biomedical terms, scientific terms - o Of
& vocabulariesE Fte+= of2] AFZ7|HojA 5= o|&d 4 ot H 7HA] o &
il

chgt 2k

!

H
He

HJ¢

m Dublin Core Metadata Initiative (DCMI) - &3] HEXl0]

ol A
ole] 9 golo] S 2 WEWUA olz] FAlo] 3 LE2AS WL Yck.

s Friend Of A Friend (FOAF) - At, 059 &= o2 At&ute] I &8 7|&st 9
= 71758 22X o], RDF} OWLZ AR&sto] s 7]sA vocabulary o]t}

= OpenCyc(QZAto]3) - LAHQ A 245 22 A7 2|t} e5=2x] o]ch,

The OpenCyc Platform is your gateway to the full power of Cyc, the world’s largest and most complete
general knowledge base and commonsense reasoning engine. OpenCyc contains hundreds of thousands
of Cyc terms organized in a carefully designed ontology.

OF] SWolH 2E2AIE HOIshs WHT SW CjolEMlo] Ao A g Yelshs HHol o
g wr} ehEa J1&A U1§-S Yopuak

4: Introducing RDFS & OWL
o[H °Jul£7 7] RDF data modelsg CH2ic] Badt A™AQ 7|&o] tfs) Lopual,

RDF datat= RDFS Z12jil OWLZ} 22 & 7FA|9] L% (syntaxes)& AMgoto] AlIE] o]
EtclolEfet 3 #3(encoded) D 4 QUTh:

i)
=
4
2
Ho
i
rir

semantic metadataS 7}X]31l RDF GH|o]ES Zdl(annotate)st=0] AFE-%
+ TAAA FEYS FokE oo, ol HolEE st Y st ol tish dot=

RDF dlo]8 = &= 7}X]9] 333_ Tl RDFSeF OWLES Argsto] A|HE ofejo]o] & <f
Al 2=t RDFS?F OWL = tf W3C specifications ©]t}.

o%

4.1 A Starting Example

ojgf&o] B Qe Zlo] OWLe] ojjo]ct:



01. <rdf:RDF
02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"
03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

05. xmins:dc="http://purl.org/dc/elements/1.1/">
06.

18.
19. </rdf:RDF>

210 W&ol tisl Al5 AtAls] 231 stAutet. Ul AmBr|2 shah. 2 A]eh, RE5)of
St 22 oAl RDF HhFHIEC] headero] o= H F 7le] A2 namespaces?t
Z3tefo} Qlot= Zlojot:

1) 347 %9] RDFS (RDF Schema, http://www.w3.0org/2000/01/rdf-schema#),
2) 4497 =2°] OWL (Web Ontology Language, http://www.w3.org/2002/07/owl#)

9] namespaces °|C}.

g 7tAl o £2€ 12 RDFOA £52A1% Hosts wiolth 28, 2524 94| RDF
CHFAE ofch

ol MEAQY LERA TAES Los) BAL ol2A, plant varieties(4 29 E7)E st
T Qe 7S 25 2K|S Atm R


http://www.w3.org/2002/07/owl

4.2 OWL Header

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"

03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

04. xmins:owl="http://www.w3.0rg/2002/07 /owl#"

05. xmins:dc="http://purl.org/dc/elements/1.1/">

06.

07. <!-- OWL Header Example -—>

08. <owl:Ontology rdf:about="http://www.linkeddatatools.com/plants">

09. <dc:title>The LinkedDataTools.com Example Plant Ontology</dc:title>

10. <dc:description>An example ontology written for the LinkedDataTools.com RDFS &OWL introduction
tutorial</dc:description>

11. </owl:Ontology>

12.

13.<!-— Remainder Of CtRMUE Omitted For Brevity... ——>

14.

15.</rdf:RDF>

2 2E2x7t sco] 2EEA golof ety ot ofeiRe] eE2AY} TS =a
St QRIS ERelo] ofsfstidl mgo] Bl ARE mAA|F|VI0] FL aolnt,

= LERZXEoF 3t 79 titlew} st 7§19 descriptiong /\}36}0311}.
of st version informationg ZFA|HoF oh= &FAolH, oE 2
19141 a<d(import)d 2GS #7|5h= F40l7] = STt

a

Il Point: prefix dec: 9] namespaces A 9] bR =& Ehet. o]Z& Dublin Core
Metadata Initiativez}= namespace= AR5, machine readersof| A
dc:title and de:description®} 2+ ARJHEESC o] LE=x|oA Aostn Qtiu L=

2 9lrt

4.3 OWL Classes, Subclasses & Individuals

2229 Al 1AHA A2 AlE2 semanticstt meaningo] T2} #75H= Zo|th. OWLO
A, o]8l BEAL classes 2t subclassessS A3t o] 4 9Tt & 5o, OWLA =
o)7L individuals(instance) 2t Y2}, EXst OWL class? #WWH 7} individualso]®, I

So] E&E 718 class 2 B2 OWLOA] class = 359 HAAE zt1 9= individuals

o] agolc}.

An Example

T}A] OWL ontology?] o2 WA} o|Ho= & 7}x|9] classes?t subclasses?t 27} & Qict.
Q2] 37}x]9] plant classesE & o]stc):



»the flowering plants class,

» shrubs class,

»2]o] T JIX] E2tAE HZetA 2 71Xl 9= planttype class. Tr2tA] planttype class
t BE AZERA A4 Fataol

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22—-rdf-syntax—ns#"

03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

04. xmins:owl="http://www.w3.0rg/2002/07 /owl#"

05. xmins:dc="http://purl.org/dc/elements/1.1/"

06. xmins:plants="http://www.linkeddatatools.com/plants#">

07.

08. <!-— OWL Header Omitted For Brevity ——>

09.

10. <!-- OWL Class Definition - Plant Type ——>

11. <owl:Class rdf:about="http://www.linkeddatatools.com/plants#planttype">
12.

13. <rdfs:label>The plant type</rdfs:label>

14. <rdfs:comment>The class of all plant types.</rdfs:comment>

15.

16. </owl:Class>

17.

18. <l-- OWL Subclass Definition — Flower ——>

19. <owl:Class rdf:about="http://www.linkeddatatools.com/plants#flowers">
20.

21. <I-- Flowers is a subclassification of planttype ——>

22. <rdfs:subClassOf rdf:resource="http://www.linkeddatatools.com/plants#planttype"/>
23.

24. <rdfs:label>Flowering plants</rdfs:label>

25. <rdfs:comment>Flowering plants, also known as angiosperms.</rdfs:comment>
26.

27. </owl:Class>

28.

29. <I-- OWL Subclass Definition — Shrub ——>

39.

40. <!-- Individual (Instance) Example RDF Statement ——>

41. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia">
42,

43. <I-- Magnolia is a type (instance) of the flowers classification ——>

44, <rdf:type rdfiresource="http://www.linkeddatatools.com/plants#flowers"/>

45,

46. </rdf:Description>



47.
48. </rdf:RDF>

Taxonomy - A Hierarchy Of Terms

a7t g A2 29 oA fojup FUAE AT
2§t 8oi9] AFE taxonomyzt HECH O3 &

iz LtEhd Zolck:

|_|

Jo g2 ok Zlojtt. SW A|AoA], o]
St taxonomy hierarchy<

plants:planttype

—

— —

plants:flower y plants:shrub

— ==

An example of a taxonomy hierarchy

Note - 92|+ magnolis(53)2} 22+ flower 2220 & HINAE WA LUt
JZ1¥ = magnoliax flower Zd]A9] individual(instance) o]Jc}. @ o]&17}? magnolia
L flower classification®] 3t Wd{o|x|gt, 1#-2 r o]A} flower subclassificationo] ofY
ot oA TS|l magnolia® oA  HAA HW o]F2  flower 29

individuals(instances)©]A] subclassification &, t}& Zo| ojlzte ojojolct.

4.4 OWL Properties
OWLO|A Individuals& propertiest @& QJtt. OWLO|= %= £59] property’t QC}:
+  Object properties (owl:ObjectProperty): & 7}X] OWL classes?] individuals
(instances)?} ¥=40] 9)ct.
- Datatype properties (owl:DatatypeProperty): OWL classes?] individuals
(instances)9] literal valuesyt = Qlc}.

An Example

MA a data typeproperty (one which links an instance to a literal value)& ZF7}sh
thZoll. Magnolia?} &3l Ql+= species family ©] o|52 F7}sll EAL



01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22—-rdf-syntax—ns#"

03. xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

04. xmins:owl="http://www.w3.0rg/2002/07 /owl#"

05. xmins:dc="http://purl.org/dc/elements/1.1/"

06. xmins:plants="http://www.linkeddatatools.com/plants#">

07.

08. <I-— OWL Header Omitted For Brevity ——>

09.

10. <I-- OWL Classes Omitted For Brevity ——>

1.

12. <l-- Define the family property ——>

13. <owl:DatatypeProperty rdf:about="http://www.linkeddatatools.com/plants#family"/>
14.

15. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia">
16.

17. <!-- Magnolia is a type (instance) of the flowers class ——>

18. <rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>
19.

20. <I-- The magnolia is part of the 'Magnoliaceae' family ——>

21. <plants:family>Magnoliaceae</plants:family>

22.

23. </rdf:Description>

24.

25. </rdf:RDF>

Important Point - o]7]A], 9Id of2]E 0| object oriented programmerz}t®d, oz &2 0}
L0 2HH programmatic object classes and their associated propertiesS A§Ztsj
2o, 23535 OWL classeso] s v Zde= vlwsty & Zo|oh. 12X o -
AY 22ta. 99 JAE F=8 AL ‘family' propertyx OJT$lt class typedte S5HEA
o], class flower (magnolia)?] instanceo] Q= 72 Z A9 Fr}E instance

+ ©] propertyg A 42 £ Aok, OWLOJA+&= 2|5}, instanceE 7HA |1 Y+

s

properties?} 171E59] class typeso] ofYzl I1ZE9] instanceE 7]|&sStt= Z1& F 25}
2t. o] FQo], o=2jE2 &[] A& g Aoz FUS 'family' propertys AMEEF

4 9ck.

B0 2 an objectproperty (one which links an instance to another instance)& #7}
sl ®AL 27t S *FskL il o] AE(Magnolia)S A7dF&Qlat TPVl 2 £
1717} 9= o2 AlSof HIsH sttt 6}7\}( Let's say we're running a shop, and
we want to link this plant (Magnolia) to another plant which we know as the shop
owner is equally as popular). "similarlyPopularTo"2}= propertyS Z7}8f] EX}:

01. <rdf:RDF

02. xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"
03. xmins:owl="http://www.w3.0rg/2002/07 /owl#"

04. xmins:dc="http://purl.org/dc/elements/1.1/"

05. xmins:plants="http://www.linkeddatatools.com/plants#">



06.

07. <!-— OWL Header Omitted For Brevity ——>

08.

09. <I-— OWL Classes Omitted For Brevity ——>

10.

11. <I-- Define the family property ——>

12. <owl:DatatypeProperty rdf:about="http://www.linkeddatatools.com/plants#family"/>
13.

14. <I-- Define the similarlyPopularTo property ——>

15. <owl:ObjectPropertyrdf:about="http://www.linkeddatatools.com/plants#similarlyPopularTo"/>
16.

17. <l-- Define the Orchid class instance ——>

18. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#orchid">

19.

20. <!-- Orchid is an individual (instance) of the flowers class ——>

21. <rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>

22.

23. <I-- The orchid is part of the 'Orchidaceae' family ——>

24. <plants:family>Orchidaceae</plants:family>

25.

26. <I-— The orchid is similarly popular to the magnolia ——>

27. <plants:similarlyPopularTordf:resource="http://www.linkeddatatools.com/plants#magnolia"/>
28.

29. </rdf:Description>

30.

31. <I-— Define the Magnolia class instance ——>

32. <rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia">
33.

34. <I-- Magnolia is an individual (instance) of the flowers class ——>

35. <rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>

36.

37. <I-— The magnolia is part of the 'Magnoliaceae' family ——>

38. <plants:family>Magnoliaceae</plants:family>

39.

40. <!-- The magnolia is similarly popular to the orchid ——>

41. <plants:similarlyPopularTordf:resource="http://www.linkeddatatools.com/plants#orchid"/>
42,

43. </rdf:Description>

44,

45, </rdf:RDF>

o], 22]+= URI http://www.linkeddatatools.com/plants#orchid?t ©-&0] Orchid
flowers 2229 A2 individual(instance)& 9|5ttt ofz|{&o] 2|7t
2| £ 9] individual?l Mangnolia instanced 7J9Jst Wl o2 HE o|7l& o|si
grelsl et ofA, 2]of A WA = 7i9] tutorialso| A ™, of2]Fo] ¢jofA

9]st RDF graphof ©2t Orchid 22]311 Magnolia class instances?t ©o]7Z1E&9]
predicates& Yoj&rs 2ns I8 4 Q=X &Ish Hiat

r
24l

s
) =] |
o I T T
ol
ol
rlr

oX 4> offl np &
ne
o]

ol

Hint: o] 22 UZ the family 12]11 similarlyPopularTo properties& UEHU = Shitg
S Iof & Zolt}. family property@t #HHSA, Z2Q] plant 802 X= tf& family
type literalsg ZEQIE(point)sijof & Zio|tt. T2|1l similarlyPopularTo property?t &3



1A= the instances’t A 2A]2 ®mOlEsfo} & Zlojct,

Important - Point Note

°lo] ooA, &2l similarlyPopularTo object propertyE &£3] £Z2 OWL 2229 2
instances?t2 F35l= a two waysS Zt=r}Orchid®} Magnolia & °} EZ2
individuals o]c}). 23 X9t 2§ 712 object properties= two way’} otd £&= g} -
JZ152 they may be one way¥d 4% Qt}= Zlojgt. 12]u 93t 78 £ QWL
229 instances 7to] Yoju}x] ¢olof stch(need not be between instances of the
same OWL class). 2AESL &A3] o2 OWL classes? 3 Q)
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5. Querying Semantic Data

O[A] of2f& RDFo| A|HHAS Friste= WY, 273 &Hsty Hestes UHs I
of. #AIY dolEyo] A9 Ho]EoA SQL= !
triples= SPARQLS Al&slo] Helste}. 22l @ 7] 7]
3 SQLE wlws ot

grel offgo] AEAQ ITo] et ¥)7%S 21 QIcksl, ofef#e ool MS SQL or MySQL
e wAY uolelslo] Ao HolElE AMstet] AgsH: SQL(Structured Query
]_

],
Language, pronounced "sequel')o] tjslo] & &1 918 Zlo|ct.

E

|25, RDF data stores 9A] AFAIEQ] Ha] Aojel SPARQL (SPARQL Protocol and
RDF Query Language, pronounced "sparkle')2 AF235to] Halstch 12 X9t SPARQLE
5 o ngagc

5.1 A Starting Example

SPARQL Is Similar To SQL

SQLAM¥, SPARQLZ AE= tojgle] ojmgt sHYAUAS dE AJAXE ZA5H] A5t
SELECT statementS AF8-5t9] query data setZ 2 E| Gjo|Eg S AEHSICE

FEF SPARQL & HZ fHojg NEOJAM wiFlEHe As A7 st iz mj&l(graph
pattern)2 AQJst7] {5ty WHERE clauseg AFEstch. SPARQLS] WHERE clauseof A
graph pattern< H|o]E oA OjR|EE Z1& AH7] Q]8to], subject, predicate 12]1l object
triple®2 JLd ¥}

Note - SPARQLOJ|A], Y14~ o]Z(variable names)2 question mark ("?") symbol2 &A%+
AHprefix)2 Zr=t}. query graph patternofA], o]Z 52 oJd node®f} match gttt - 37



0] resource E+ literalo]& &gl
5.2 SPARQL General Form
SPARQL queries & ofgfje} 22 UrtA

Hog AEY L&
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S 7L o o7l shtef Hels of2f Al

clause or keyword’t Qtt= 7S Hox

Ei, oA Uehd 2 MY og 2AR, St ohed 2o He Ay

. PREFIX plant: <http://www.linkeddatatools.com/plants>
. SELECT ?name

. WHERE {

. ?planttype plant:planttype ?name.

}
. ORDER BY 7?name
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5.3 SQL¥} SPARQLY] H|w
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SELECT Person.fname, Address.city
FROM Person, Address

WHERE Person.addr=Address.ID
AND Address.state="MA"

A
e

O]l:]-;

A7l Y3t SQL query+= o Zok



Conceptually, we are SELECTing a list of attributes FROM a set of tables WHERE
certain constraints are met. These constraints capture the relationships implicit in
the scheme, Person.addr=Addresses.ID, and the selection criteria, e.g.
Address.state="MA".

EZ2 glolEfo] tigh SPARQL query: trait o

SELECT ?name ?city

WHERE {
?who <Person#fname> ?name ;
<Person#addr> ?adr .
?adr <Address#city> ?city ;
<Addresst#state> "MA"

SPARQL reuses some key words familiar to SQL users: SELECT, FROM, WHERE,
UNION, GROUP BY, HAVING and most aggregate function names.

5.4 Dbpediaof|A{e] A7 o

http://dbpedia.org/sparql o] So{7}A At of2} Aoj= Y=gt & 'Run Query'S 22
e Es stxt

SELECT ?uri ?name ?page ?nick
WHERE{
?uri a foaf:Person ;
foaf:name ?name;
foaf:page ?page.
foaf:nick 7nick.
} LIMIT 100

Dbpediad|A & 7]|2X 02 PREFIX7} Wo] FojQloo g AX] olotx EFrCh:

=S WA EolA ?uri, Pname, ?page, ?nick2 o] Ul /|9 FF& 7= Zolt

> A A Z0o]A] ?uri a foaf:Person: & foaf:Persono|gt= typeS 77X & $E-E ?uri
+ ¥z ARESsHIthE g oltt. (a == rdfsitypeOf)

Y] YA £0A] foaf:name ?name & ?uriz AlEHE 329 foaf:nameS ?nameo|dt=

W40 220k Yolck.

>0 B EaF oA WA 2= 22 Qoujoltt. 1y opA]R EoflA LIMIT 1002 &)

1007} 7} @ ZAcke Wajolc),



QOFSIAIH, foaf:Persono|gt= EFIS 718 & AMYHO|A foaf:name, foaf:page, foaf:nick

o] glo]g & ZIZF ?name, ?page. ?nickol2l= ®iZof HojA] It Aol

EE.J% ¢ Ao digt ZAapetHolty. ZAupetH 2 htmlz &2 A=Z sto] <4 mo]X]
2 Ho]lt xml, RDF/XML, JSON & tfst Hejzg A4 9-g

ofh L1
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VI. 224594 T A% Linked Open Data for NLK
http://lod.nl.go.kr/home/about/introduction.jsp

SPARQL Endpoint H|0]X] H7]

» SPARQL(Simple Protocol and RDF Query Language)o]&+?
=24 A Qo] Ytk W3C oA Tt= RDF A9} Qo ojt] A dlolE Hjo]A 0
SQL o] I4¥ RDF ofl&= SPARQL o] Ql&yth. A HojEHolA of A7gH ol 2%
B dste AEE AUHR7] Hsll SQLZ &8 stxol, <ol 571e 215 RDF HolH 25§
271 dst= diolHE AUR7] 95l SPARQL = AR}

» SPARQL Endpoint ?

intro3_icon_a SPARQL Endpoint:= €& &3] SPARQLE A 9ojdt & 9l XXM olo|sh
Ut SPARQL Endpointe] URLS ©]&3sto] AolS A/dstil 10 oidsdh= Aiks st

939 tloje] ZWOR We 2 FYch

<DB Query>

SELECT id, name
FROM author
WHERE birthYear=193
ORDER BY id DESC
LIMIT 3

OFFSET 4

<SPARQL Query>

SELECT ?id ?name

WHERE {
?id rdf:type <http://lod.nl.go.kr/ontology/Author> ;
<http://xmlns.com/foaf/0.1/name> ?name .

}

ORDER BY DESC(?id)

LIMIT 3

OFFSET 4



<PREFIX&?>
PREFIX nlon: <http://lod.nl.go.kr/ontology/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT ?id ?name
WHERE {

?id rdf:type nlon:Author ;

foaf:name ?name .



