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Jena Vcard 1: Triples

14th February 2013

� � � � � �

5HFDS *UDSKV�DQG�*UDSK�0HUJLQJ

-HQD�9&DUG��� 7ULSOHV

�
1��7ULSOHV
��

�
� ��

�

�

#SUHIL[ Y&DUG� �KWWS���ZZZ�Z��RUJ������YFDUG�UGI�����! �
#SUHIL[ LQIR� �KWWS���VRPHZKHUH�SHRSOH,QIR�! �
#SUHIL[ V� �KWWS���VRPHZKHUH�! �

V�5HEHFFD6PLWK
Y&DUG�1 > Y&DUG�)DPLO\ µ6PLWKµ �

Y&DUG�*LYHQ µ5HEHFFDµ
@ �

V�6DUDK-RQHV
Y&DUG�1 > Y&DUG�)1 µ6DUDK -RQHVµ �

Y&DUG�*LYHQ µ6DUDKµ @ �
V�-RKQ%XUQV

LQIR�DJH �� �

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� ������
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Jena VCard 1: Graph

14th February 2013
� � � � � �

5HFDS *UDSKV�DQG�*UDSK�0HUJLQJ

-HQD�9&DUG��� *UDSK

 







 







 

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� ������
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Jena VCard 2: Triples

14th February 2013

� � � � � �

5HFDS *UDSKV�DQG�*UDSK�0HUJLQJ

-HQD�9&DUG��� 7ULSOHV

�
1��7ULSOHV
��

�
� ��

�

�

#SUHIL[ Y&DUG� �KWWS���ZZZ�Z��RUJ������YFDUG�UGI�����! �
#SUHIL[ LQIR� �KWWS���VRPHZKHUH�SHRSOH,QIR�! �
#SUHIL[ V� �KWWS���VRPHZKHUH�! �

V�5HEHFFD6PLWK
LQIR�DJH �� �
Y&DUG�)1 µ%HFN\ 6PLWKµ �

V�0DWW*UHHQ
Y&DUG�)1 µ0DWW *UHHQµ �
Y&DUG�1 > Y&DUG�)DPLO\ µ*UHHQµ �

Y&DUG�*LYHQ µ0DWWKHZµ@ �
V�6DUDK-RQHV

Y&DUG�1 > Y&DUG�)DPLO\ µ-RQHVµ @ �
V�-RKQ%XUQV

Y&DUG�)1 µ-RKQ %XUQVµ �
Y&DUG�1 > Y&DUG�)DPLO\ µ%XUQVµ �

Y&DUG�*LYHQ µ-RKQµ @ �

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� ������
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Jena VCard 2: Graph

14th February 2013

� � � � � �

5HFDS *UDSKV�DQG�*UDSK�0HUJLQJ

-HQD�9&DUG��� JUDSK








 

 


















 









(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� ������
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Jena VCard Merged: Graph

14th February 2013
� � � � � �

5HFDS *UDSKV�DQG�*UDSK�0HUJLQJ

-HQD�9&DUG�0HUJHG� *UDSK































 












 

















(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� ������
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Jena VCard: Merged

14th February 2013

• Note problem with trying to merge blank nodes.

• rdfcat is one way of merging: 
rdfcat file1 file2 > mergedfile 

• Visualization:
• IsaViz (www.w3.org/2001/11/IsaViz/) — also does merging 
• Protegé (uses Graphviz)
• RDFS Explorer http://xml.mfd-consult.dk/ws/2003/01/rdfs/

http://xml.mfd-consult.dk/ws/2003/01/rdfs/
http://xml.mfd-consult.dk/ws/2003/01/rdfs/
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Query

14th February 2013

� � � � � �

5HFDS 63$54/·V�237,21$/ 0RGLILHU

4XHU\� �

�
1��7ULSOHV
��

�
� ��

�

�

35(),; LQIR� �KWWS���VRPHZKHUH�SHRSOH,QIR�!
35(),; YFDUG� �KWWS���ZZZ�Z��RUJ������YFDUG�UGI�����!

6(/(&7 "QDPH "DJH
:+(5(
^

"SHUVRQ YFDUG�)1 "QDPH �
"SHUVRQ LQIR�DJH "DJH �

`

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� ������
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Query

14th February 2013

� � � � � �

5HFDS 63$54/·V�237,21$/ 0RGLILHU

4XHU\� �

�
5HVXOWV
��

�
� ��

�

�

�����������������������
_ QDPH _ DJH _
                       
_ µ-RKQ %XUQVµ _ �� _
_ µ%HFN\ 6PLWKµ _ �� _
�����������������������

7KLV�TXHU\�RQO\�UHWXUQV�SHRSOH�IRU�ZKRP�ZH�KDYH�DJH�LQIRUPDWLRQ�

:KDW�LI�ZH�ZDQW�WR�UHWXUQ�SHRSOH�DQG�DOVR�DJHV�MXVW�ZKHQ�LW�LV�DYDLODEOH"

8VH�WKH 237,21$/ NH\ZRUG�

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������

• This query only returns people for whom we have age information. 

• What if we want to return people and also ages just when it is available?
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Query

14th February 2013

� � � � � �

5HFDS 63$54/·V�237,21$/ 0RGLILHU

4XHU\� �

�
5HVXOWV
��

�
� ��

�

�

�����������������������
_ QDPH _ DJH _
                       
_ µ-RKQ %XUQVµ _ �� _
_ µ%HFN\ 6PLWKµ _ �� _
�����������������������

7KLV�TXHU\�RQO\�UHWXUQV�SHRSOH�IRU�ZKRP�ZH�KDYH�DJH�LQIRUPDWLRQ�

:KDW�LI�ZH�ZDQW�WR�UHWXUQ�SHRSOH�DQG�DOVR�DJHV�MXVW�ZKHQ�LW�LV�DYDLODEOH"

8VH�WKH 237,21$/ NH\ZRUG�

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������

• This query only returns people for whom we have age information. 

• What if we want to return people and also ages just when it is available?

• Use the OPTIONAL keyword.
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Query

14th February 2013

� � � � � �

5HFDS 63$54/·V�237,21$/ 0RGLILHU

4XHU\� �

�
1��7ULSOHV
��

�
� ��

�

�

35(),; LQIR� �KWWS���VRPHZKHUH�SHRSOH,QIR�!
35(),; YFDUG� �KWWS���ZZZ�Z��RUJ������YFDUG�UGI�����!

6(/(&7 "QDPH "DJH
:+(5(
^

"SHUVRQ YFDUG�)1 "QDPH �
237,21$/ ^ "SHUVRQ LQIR�DJH "DJH `

`

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������
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Query

14th February 2013

� � � � � �

5HFDS 63$54/·V�237,21$/ 0RGLILHU

4XHU\� �

�
5HVXOWV
��

�
� ��

�

�

�����������������������
_ QDPH _ DJH _
                       
_ µ-RKQ %XUQVµ _ �� _
_ µ0DWW *UHHQµ _ _
_ µ%HFN\ 6PLWKµ _ �� _
_ µ6DUDK -RQHVµ _ _
�����������������������

5') LV�VHPL�VWUXFWXUHG�GDWD

237,21$/ JLYHV�63$54/ WKH�DELOLW\�QRW�WR�IDLO�D�TXHU\�ZKHQ�VSHFLILF�GDWD

GRHV�QRW�H[LVW�

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������

• RDF is semi-structured data

• OPTIONAL gives SPARQL the ability not to fail a query when specific 
data does not exist.
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Linked Data Principles

14th February 2013

• Use URIs as names for things.

• Use HTTP URIs, so that people can look up those names

• When someone looks up a URI, provide useful information, using the 
standards (RDF, SPARQL)

• Include links to other URIs, so that they can discover more things.
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Why HTTP URIs?

14th February 2013

• Globally unique names can be created in a decentralised fashion by 
domain name owners; no central naming authority is required.

• Not just a name, but a means of accessing information describing the 
identified entity.
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URIs

14th February 2013

� � � � � �

/LQNHG�2SHQ�'DWD &RQWHQW�1HJRWLDWLRQ

85,V

�
+RPHSDJH�RI�6FKRRO�RI�,QIRUPDWLFV
��

�
� ��

�

�

KWWS���ZZZ�LQI�HG�DF�XN

�
+RPHSDJH�RI�(ZDQ�.OHLQ
��

�
� ��

�

�

KWWS���ZZZ�LQI�HG�DF�XN�SHRSOH�VWDII�(ZDQB.OHLQ�KWPO

7KHVH�85,V�SRLQW�WR�ZHE�GRFXPHQWV�³�RU�LQ�WHUPLQRORJ\�RI�:HE$UFK�
LQIRUPDWLRQ�UHVRXUFHV�

E\�GHILQLWLRQ� DOO�LWV�HVVHQWLDO�FKDUDFWHULVWLFV�FDQ�EH�FRQYH\HG�LQ�D�PHVVDJH

:HE�FOLHQWV�UHTXHVW�D�UHSUHVHQWDWLRQ�RI�D�UHVRXUFH

2QH�DQG�WKH�VDPH�UHVRXUFH�PLJKW�KDYH�GLIIHUHQW�UHSUHVHQWDWLRQV� H�J��

WH[W�LQ�(QJOLVK� *UHHN� &KLQHVH� HWF�

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������

• These URIs point to web documents - or in the terminology of WebArch, 
information resources.

• by definition, all its essential characteristics can be conveyed in a message

• Web clients request a representation of a resource

• One and the same resource might have different representations; e.g., text 
in English, Greek, Chinese, etc.
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Content Negotiation

14th February 2013

• HTTP clients send HTTP headers with each request to indicate what 
kinds of documents they prefer
• Servers inspect headers and select an appropriate response.
• Client can say prefers language X over Y.
• Or prefers RDF over HTML

� � � � � �

/LQNHG�2SHQ�'DWD &RQWHQW�1HJRWLDWLRQ

&RQWHQW�1HJRWLDWLRQ

+773 FOLHQWV�VHQG�+773 KHDGHUV�ZLWK�HDFK�UHTXHVW�WR�LQGLFDWH�ZKDW�NLQGV

RI�GRFXPHQWV�WKH\�SUHIHU�

6HUYHUV�LQVSHFW�KHDGHUV�DQG�VHOHFW�DQ�DSSURSULDWH�UHVSRQVH�

&OLHQW�FDQ�VD\�SUHIHUV�ODQJXDJH�; RYHU�<�

2U�SUHIHUV�5') RYHU�+70/

�
+HDGHU�RI *(7 UHTXHVW
��

�
� ��

�

�

*(7 �SHRSOH�VWDII�(ZDQB.OHLQ�KWPO +773����
+RVW� ZZZ�LQI�HG�DF�XN
$FFHSW� WH[W�KWPO� DSSOLFDWLRQ�[KWPO�[PO
$FFHSW�/DQJXDJH� HQ� JU� FQ
�
6HUYHU�5HVSRQVH
��

�
� ��

�

�

+773���� ��� 2.
&RQWHQW�7\SH� WH[W�KWPO
&RQWHQW�/DQJXDJH� JU

:H�DUH�DVVXPLQJ�³�FRXQWHU�WR�WKH�IDFWV�³�WKDW�WKHUH�DUH

ODQJXDJH�VSHFLILF�YHUVLRQV�RI�WKH�,QIRUPDWLFV�ZHE�SDJHV�

,Q�WKLV�FDVH� WKH�VHUYHU�ORRNV�DW�WKH $FFHSW�/DQJXDJH SDUW�RI�WKH�UHTXHVW

DQG�GHFLGHV�WR�UHWXUQ�D�*UHHN�ODQJXDJH�YHUVLRQ�RI�WKH�UHVRXUFH�

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������
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URIs for Things

14th February 2013

• We need mechanisms to ensure that when URIs are 
dereferenced, 

• real-world objects are not confused with documents that describe 
them, and 
• humans as well as machines can retrieve appropriate 
representations.

• Two strategies for deferencing URIs for real world objects:
• 303 URIs
• hash URIs
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Solution 1: 303 (See other) URIs

14th February 2013

• Server should not return a 200 OK for a real-world object URI — it 
doesn’t have a representation of the resource.

• Instead (cf. httpRange-14 resolution), server should send 303 See Other 
plus the URI of a web document that describes the object; this is also called 
a 303 redirect

• Client then dereferences this new URI and gets a description of the 
resource.

� � � � � �

/LQNHG�2SHQ�'DWD &RQWHQW�1HJRWLDWLRQ

6ROXWLRQ��� �����6HH�RWKHU��85,V

6HUYHU�VKRXOG�QRW�UHWXUQ�D ����2. IRU�D�UHDO�ZRUOG�REMHFW�85, ³�LW�GRHVQ·W

KDYH�D�UHSUHVHQWDWLRQ�RI�WKH�UHVRXUFH�

,QVWHDG��FI� KWWS5DQJH����UHVROXWLRQ�� VHUYHU�VKRXOG�VHQG ����6HH�2WKHU
SOXV�WKH�85, RI�D�ZHE�GRFXPHQW�WKDW�GHVFULEHV�WKH�REMHFW� WKLV�LV�DOVR

FDOOHG�D ����UHGLUHFW

&OLHQW�WKHQ�GHUHIHUHQFHV�WKLV�QHZ�85, DQG�JHWV�D�GHVFULSWLRQ�RI�WKH

UHVRXUFH�

�
'%3HGLD�85,V�IRU�5HDO�ZRUOG�2EMHFWV
��

�
� ��

�

�

KWWS���GESHGLD�RUJ�UHVRXUFH�%RB'LGGOH\ >UHVRXUFH@
KWWS���GESHGLD�RUJ�GDWD�%RB'LGGOH\�UGI >5') GHVFULSWLRQ@
KWWS���GESHGLD�RUJ�SDJH�%RB'LGGOH\ >+70/ GHVFULSWLRQ@

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������
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Solution 1: 303 (See other) URIs

14th February 2013

� � � � � �

/LQNHG�2SHQ�'DWD &RQWHQW�1HJRWLDWLRQ

6ROXWLRQ��� �����6HH�RWKHU��85,V

thing

RDF HTML

303 redirect with 
content negotiation

application/rdf+xml text/html

http://dbpedia.org/resource/Bo_Diddley

http://dbpedia.org/data/Bo_Diddley.rdf http://dbpedia.org/page/Bo_Diddley

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������
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Solution 1: Hash URIs

14th February 2013

� � � � � �

/LQNHG�2SHQ�'DWD &RQWHQW�1HJRWLDWLRQ

6ROXWLRQ��� +DVK�85,V

�
6HUYHU�5HVSRQVH
��

�
� ��

�

�

KWWS���KRPHSDJHV�LQI�HG�DF�XN�HZDQ�IRDI�UGI �HKN

8VH�¶KDVK�85,V·�IRU�QRQ�GRFXPHQW�UHVRXUFHV� L�H�� DGG�D�IUDJPHQW�

LQGLFDWHG�E\ �
)ROORZLQJ�+773 SURWRFRO� FOLHQWV�PXVW�VWULS�RII�WKH�IUDJPHQWV�EHIRUH

VHQGLQJ�UHTXHVW�WR�VHUYHU�

6R�WKH�85, ZLWK�WKH�IUDJPHQW�FDQQRW�EH�UHWULHYHG�GLUHFWO\�DQG�FDQQRW

WKHUHIRUH�LGHQWLI\�D�:HE�GRFXPHQW�

6R�KDVK�85, FDQ�LGHQWLI\�UHDO�ZRUOG�REMHFWV�ZLWKRXW�FUHDWLQJ�DPELJXLW\�

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������

• Use ‘hash URIs’ for non-document resources, i.e., add a fragment, 
indicated by #

• Following HTTP protocol, clients must strip off the fragments before 
sending request to server.

• So the URI with the fragment cannot be retrieved directly and cannot 
therefore identify a Web document.

• So hash URI can identify real-world objects without creating ambiguity.



Fiona McNeill Multi-agent Semantic Web Systems: Linked Open Data 19/27

Hash v 303

14th February 2013

• Hash URIs reduce number of HTTP requests; cf http://www.w3.org/
TR/cooluris/#choosing for arguments in favour.

• But all resources that share same hash URI dereference to same 
description document; can mean lots of redundant data is transmitted.

• 303 redirects can be configured separately for each resource.

• Some data publishers (e.g., http://kasabi.com/doc/api/linked-data 
don’t support hash URIs).

http://kasabi.com/doc/api/linked-data
http://kasabi.com/doc/api/linked-data
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5-★ Data

14th February 2013� � � � � �

/LQNHG�2SHQ�'DWD 5') DQG�/LQNHG�'DWD

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������
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Is Your Data 5-★ ?

14th February 2013

� � � � � �

/LQNHG�2SHQ�'DWD 5') DQG�/LQNHG�'DWD

,V�<RXU�'DWD���! "

! 'DWD�DYDLODEOH�RQ�WKH�ZHE��LQ�ZKDWHYHU�IRUPDW�� EXW�ZLWK�DQ�RSHQ

OLFHQFH

! ! $YDLODEOH�DV�PDFKLQH�UHDGDEOH�VWUXFWXUHG�GDWD��H�J��([FHO�LQVWHDG�RI

LPDJH�VFDQ�RI�D�WDEOH�

! ! ! DV !! SOXV� 8VH�QRQ�SURSULHWDU\�GDWD�IRUPDW��H�J� &69 LQVWHDG�RI

([FHO�

! ! ! ! $OO�WKH�DERYH�SOXV� 8VH�RSHQ�VWDQGDUGV�IURP�:�& �H�J��+773 85,V�

WR�LGHQWLI\�WKLQJV� VR�WKDW�SHRSOH�FDQ�SRLQW�DW�\RXU�VWXII

! ! ! ! ! $OO�WKH�DERYH� SOXV� /LQN�\RXU�GDWD�WR�RWKHU�SHRSOH·V�GDWD�WR�SURYLGH

FRQWH[W

(ZDQ�.OHLQ �6FKRRO�RI�,QIRUPDWLFV� 0XOWL�DJHQW�6HPDQWLF�:HE�6\VWHPV�/LQNHG�'DWD )HEUXDU\���� ���� �������

Data available on the web (in whatever format), but with an 
open licence

Available as machine-readable structured data (e.g. Excel 
instead of image scan of a table)

as ★★ plus: Use non-proprietary data format (e.g. CSV instead 

of Excel)

All the above plus: Use open standards from W3C (e.g. HTTP 
URIs) to identify things, so that people can point at your stuff

All the above, plus: Link your data to other people’s data to 
provide context
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RDF for Linked Data

14th February 2013

RDF is standardly used for Linked Data. Advantages include:

• Easy to insert RDF links between data from different sources.

• Information from different sources can be combined by graph merging.

• Information using different schemas can be expressed in a single graph, 
i.e., by mixing different vocabularies.

• Data can be tightly or loosely structured. 

Features of RDF that are avoided:

• Reification (hard to query with SPARQL)

• Collections and containers (ditto). Use multiple triples with same 
predicate instead.

• Blank nodes: makes merging less effective.
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Kinds of Links

14th February 2013

Relationship Links point at related things in other data sources. LD
counterpart to outgoing hyperlinks in a web document. E.g.,

             foaf:based_near dbpedia:Edinburgh

Identity Links point at URI aliases used by other data sources to identify
the same real-world object or abstract concept.

Vocabulary Links point from data to the definitions of the vocabulary
terms that are used to represent the data.
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Identity Links

14th February 2013

• Many different URIs used to refer to same real-world object.

• Standard mechanism for saying that two URI aliases refer to same 
object: http://www.w3.org/2002/07/owl#sameAs.

• Motivations for this approach:
• Different aliases can be dereferenced to different description of 
same resource (AAA principle).
• Can support provenance for LD consumers: trace back to who 
published the URI.
• Having only one, canonical, URI for each object would require 
centralised naming authority, and act as barrier to spread of web of 
data.

Potential problems:
• Identity may be context dependent 
• Facts vs. opinions
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Summary

14th February 2013

Stuff we looked at today:

• Adding RDFS schema information

• Graph merging

• Graph visualisation

• SPARQL OPTIONAL

• URIs for informational vs. real-world objects

• LOD principles for publishing data
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Linked Data Summary

14th February 2013

• Structured data is made available on web (i.e., open) in many 
formats: CSV, Excel, HTML Microdata (e.g., http://schema.org/), 
web APIs, PDF tables (shudder), ...

• Advantages of Linked Data:

• A unifying data model (RDF)

• A standardised data access mechanism (HTTP).

• Hyperlink-based data discovery: links connect all Linked Data 
into a single global data space and enable Linked Data applications 
to discover new data sources at run-time.

• Self-descriptive data: vocabulary definitions are recoverable like 
other data, and vocabulary terms can be linked to one another

http://schema.org
http://schema.org
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Linked Data Summary

14th February 2013

• Linked data adopts perspective of data integration. 

• Not interested in reasoning aspect of Semantic Web.

http://blog.paulwalk.net/2009/11/11/linked-open-semantic/:

• Data can be open, while not being linked.

• Data can be linked, while not being open.

• Data which is both open and linked is increasingly viable.

• The Semantic Web can only function with data which is 
both open and linked.

http://blog.paulwalk.net/2009/11/11/linked-open-semantic/
http://blog.paulwalk.net/2009/11/11/linked-open-semantic/

