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background	- Scientific	DataBase project
o data	sharing	project	SDB
o ��&�(����*�&�" �

*$ (SDB)�
o A	long-term	mission	funded	by	

CAS(Chinese	Academy	of	Sciences)

o started	in	1986
o mission

n Collected	multi-discipline	research	
data�!),��&+�#&%"
 �

n promoted	data	sharing��'" �
��

o �  ���
	����� ������  ��
��
���� ���

3

http://www.csdb.cn



background	- Scientific	DataBase project
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q 8	Resource	databases
n Geo-Science
n Biodiversity
n Chemistry
n Astronomy
n Space	Science
n Micro	biology	and	virus
n Material	science
n Environment

q 37	institution	databases	

q 2	Reference	databases
n China	Species
n chemical	compound

q 4	Application-Oriented	
databases
n High	Energy	(ITER)
n Western	Environment	

Research
n Ecology	research
n Qinghai	Lake	Research	

o SDB	consists	of	51 databases,	including	…
background - Scientific	Databases	
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o 51	distributed	web	sites	were	set	up	for	databases,	
following	a	set	of	construction	standards���
	���

	���
	�

6

background - Scientific	Databases	

http://www.space.csdb.cn/
http://www.chemdb.csdb.cn
http://www.cryosphere.csdb.cn
http://www.fusion.csdb.cn/
http://www.chemcpd.csdb.cn/
http://www.data.ac.cn
http://www.qinghailake.csdb.cn
http://www.lakesci.csdb.cn
http://www.ocdb.csdb.cn
http://www.soil.csdb.cn
…

http://www.space.csdb.cn/
http://www.chemdb.csdb.cn/
http://www.cryosphere.csdb.cn/
http://www.fusion.csdb.cn/
http://www.chemcpd.csdb.cn/
http://www.data.ac.cn/
http://www.qinghailake.csdb.cn/
http://www.lakesci.csdb.cn/
http://www.ocdb.csdb.cn/
http://www.soil.csdb.cn/


background	- Scientific	Databases	
o Examples

7

H20�����
attributes	of	H2Oà

from	http://www.chemdb.csdb.cn

��GPS��
GPS	locations	of	a	birdà

from	http://qinghailake.csdb.cn

http://www.chemdb.csdb.cn/
http://qinghailake.csdb.cn/


background	– problems
o The	big	problem	is	that	…
o Scientific	data	can	be	browsed	easily	on	the	Web,	but	can	

not be	easily	accessed and	understood by	computer	
programs

o �����
�	��…
�����������

8

data?

HTML	presentation HTML	presentation



background	– motivation
o Thus	we	need	a	standard	method	to	make	distributed	

scientific	data
n both	Accessible
n and	Understandable

o Such	a	standard	method	includes
n an	unified	data	representation	format���
���	��
n an	unified	open	access	mechanism���
�������

9
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why	Linked	Data?
o main	features	of	scientific	data�/�! .)��

n variety of	data	formats��/7����%.'��&
��
o Storage	forms���'�.�&��

n structured,	semi-structured, non-structured
o Property	value	types����0�.�&��

n text,	date,	GPS	location,	images…
n in-born	interlinked�#6�.	3��

o gene	and	disease����,-�
o Materials	and	chemical	compounds�$"�
��
o researchers,	locations,	objects	of	ecological	observation	

records
o +�2�.4(��8�*�18�5��

11



why	Linked	Data?
o requirements	on	data	representation	format�)����
�#�(/%�
1. able	to	represent	data	in	different	forms	and	formats�
�#��
"��

2. able	to	describe	the	links among	data�,.1�+�
3. ensure	consistent	understanding	of	names (class	names,	property	

names…)�03�����(4-�
4. flexible schema,	easy	to	extend,	adding	a	new	property	is	very	

simple��$��������
5. makes	full	use	of	existing	description	tools,	esp.	XML��'!�2
#�(*��&	 XML#��
o CML5MathML5SMILES,	...
o DarwinCore

12



why	Linked	Data?
o We	chose	RDF as	data	representation	format

n RDF:	Resource	Description	Framework
http://www.w3.org/RDF

n RDF	describes	resources	in	terms	of	simple	properties and	property	
values�
��
���

n it	is	based	upon	the	idea	of	making	statements	about	resources (in	
particular	web	resources)	in	the	form	of	subject-predicate-object
expressions

n ����-�-	��
n e.g

13

<#file1> <#title> “observation	data	of	forest	carbon	flux”
subject				predicate object
resource			property value

http://www.w3.org/RDF


why	Linked	Data?
o RDF	statements	about	a	resource	are	often	represented	as	

a	graph�RDF�������
n nodes:	representing	the	resources,	and	their	properties	

values.	
n arcs:		representing	properties	of	resources

14

#file1

observation 
data of forest 
carbon flux

title

<#file1> <#title> “observation	data	of	forest	carbon	flux”



why	Linked	Data?
o RDF	statements	about	a	resource	are	often	represented	as	

a	graph�RDF�������
n nodes:	representing	the	resources,	and	their	properties	

values.	
n arcs:		representing	properties	of	resources

15

#file1

observation 
data of forest 
carbon flux

title

<#file1> <#title> “observation	data	of	forest	carbon	
flux”
<#file1> <#creator> “Wang”

Wang

creator easy	to	add	new	
property



<#file1> <#title> “observation	data	of	forest	carbon	flux”
<#file1> <#creator> “Wang”
<#file1> <#collectedAt> <#station2>
<#station2> <#title> “Dinghushan forest	station”

why	Linked	Data?
o RDF���Most	important,	RDF	data	model	enables	people	to	set	RDF	

links between	data	from	different	sources.

16

#file1

observation 
data of forest 
carbon flux

title

Wang

creator

#station2

collectedAt

Dinghushan
forest station

title

#station2 
is another 
resource

This is an 
RDF link



http://qinghailake.csdb.cn/
resource/record/qhdb/investigation/889-2

2004-09-10

340

investigation:date

investigation:numberOfObject
investigation:object

investigation:location


����

http://zoology.csdb.cn/
resource/record/animal/birds/2

investigation:investigator

http://people.csdb.cn/resource/1234

���

bird:name

http://…/6A71B104-B226-41AF-
8EFC-DD598D24057B.jpg

bird:imageUrl

���

bird:commonName


���

bird:commonName

��

foaf:firstName

	

foaf:lastName

foaf:workplaceHomepage

http://...

 ������������	�������������������
���
�������

 ������������	�����"Bar-
headed	Goose“	in	the	
AnimalDB

 ������������	���
��������������
������ �

why	Linked	Data?
o More	complex	RDF	data	example

17



why	Linked	Data?
o After	choosing	the	data	format,	we	chose	Linked	Data as	the	open	

access	mechanism	of	data	sources

n Tim	Berners-Lee,	the	father	of	World	Wide	Web,	coined	the	term	
Linked	Data in	2006[1].

n ��	��Tim	Berners-Lee�2006���Linked	Data

n Connect	Distributed	Data	across	the	Web	

n using	the	Web	to	create	typed	links between	data	from	different	
sources

18

1. T.	Berners-Lee,	"Design	issues:	Linked	Data,"	Online	at	http://www.	
w3.	org/DesignIssues/LinkedData.	html,	2006



why	Linked	Data?
o Four	basic	principles	of	Linked	Data

Linked	Data	(��.�!���
1. Use	URIs as	names	for	things

,' URIs	"���%

2. Use	HTTP	URIs	so	that	people	can	look	up	(dereference)	those	names.
,' HTTP	URIs	�	'���#)+���

3. When	someone	looks	up	a	URI,	provide	useful	information.
�'�#)URI���� '(
�

4. Include	links to	other	URIs	so	that	they	can	discover	more	things.
����*$(-���	�&��(
�

19

1. T.	Berners-Lee,	"Design	issues:	Linked	Data,"	Online	at	http://www.	
w3.	org/DesignIssues/LinkedData.	html,	2006



why	Linked	Data?
o ����

n ������
�Web�����!������ 	���
�"����#

n Linked	Data	is	a	standard	solution	which	is	totally	built	on	current	
Web	architecture,	that	means	very	little	cost	for	upgrading	SDB	
project.

20

1. “Linking	Open	Data	cloud	diagram,	by	Richard	Cyganiak and	Anja
Jentzsch.	http://lod-cloud.net/”

Web	of	Data

Web	of	Document

Linked	Data	



why	Linked	Data?	- scientific	data	examples	
o Linked	Life	Data

n Searches	and	explores	over	RDF	statements	from	various	sources	
including	UniProt,	PubMed,	EntrezGene and	20	more…

n ��UniProt,	PubMed,	EntrezGene�20��	���10�
�
n Performs	complex	SPARQL(RDF	query)	queries	and	retrieves	more	

than	one	billion	RDF	resources.	

21

1. Momtchev V,	Peychev D,	Primov T,	et	al.	Expanding	the	pathway	and	interaction	
knowledge	in	linked	life	data[C].	In	Proceedings	of	International	Semantic	Web	
Challenge,	2009.



why	Linked	Data?	- scientific	data	examples	
o LinkedGeoData

n uses	the information	collected	by the	OpenStreetMap project	
and makes	it available	as an	RDF knowledge	base	according	to the	
Linked	Data	principles.

n ��OpenStreetMap�������Linked	Data��	��

����RDF���

22

1. Auer,	Sören,	Jens	Lehmann,	and	Sebastian	Hellmann.	"Linkedgeodata:	Adding	a	spatial	
dimension	to	the	web	of	data."	The	Semantic	Web-ISWC	2009.	Springer	Berlin	
Heidelberg,	2009.	731-746.



why	Linked	Data?	- scientific	data	examples	
o Diseasome

n publishes	Linked	Data	of	4,300	disorders	and	disease	genes
linked	by	known	disorder-gene	associations	for	exploring	all	
known	phenotype	and	disease	gene	associations,	indicating	
the	common	genetic	origin	of	many	diseases.

n ���4,300 ! !��"�(����& !*��
��/"�(�%��'
)� !�+"��-�

o Linked	Sensor	Data
n the	first	open	datasets	for	sensors	and	sensor	observations,	

created	at	Knoesis Center,	and	converted	from	weather	data	at	
Mesowest.	

n Contains	descriptions	of	20	thousand	weather	stations	and	
160	million	observations.

o GeoSpecies Knowledge	Base
n Publishing	information	on	Biological	Orders,	Families,	Species	

as	well	as	species	occurrence	records	and	related	data,	links	to	
geonames,	bio2rdf,	dbpedia,	freebase,	umbel.

n ��������1��1�$1�$�0,�1#���1
��	geonames,	bio2rdf,	dbpedia,	freebase,	umbel".�

23

1. Diseasome	|	Map:	explore	the	human	disease	network.	Dataset,	interactive	map	and	
printable	poster	of	gene-disease	relationships.	http://diseasome.eu/map.html

2. http://wiki.knoesis.org/index.php/SSW_Datasets
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publishing	methods	and	steps
o two	issues	should	be	considered	in	the	publishing	process

n Issue	#1:	data	items	own	little	information
Scientific	data	contains	many	files/records	which	are	not	easy	to	
be	found	only	by	their	own	property	values��������"�
����	������!�
��

n Issue	#2:	RDF	data	are	structured,	but	most	scientific	data	are	
unstructured.
unstructured	scientific	data	(usually	exist	as	data	files)	are	much	
more	than	structured	scientific	data� �����������
�������

25



publishing	methods	and	steps
o Issue	#1:	data	items	own	little	information

o We	define	data	in	two	levels
1. data	item
2. data	set:	a	set	of	data	items
n Some	data	items	have	little	information,	but	the	information	of	

data	set	can	help	users	to	find	them

26

metadata

data	item

data	set

metadata



publishing	methods	and	steps
o Data	set	metadata	is	described		with	

mixed	RDF	vocabularies
1. Dublin-Core

o http://purl.org/dc/elements/1.1/

2. DC-TERMS
o DCMI	Metadata	Terms

o http://purl.org/dc/terms#

3. PRISM
o Publishing	Requirements	for	Industry	

Standard	Metadata

o http://prismstandard.org/namespaces/basi
c/2.0/

27

Elements:
<dc:title>
<dc:subject>
<dc:source>
<dc:description>
<dc:coverage>
<dc:creator>
<dc:contributor>
<dcterms:accrualPeriodicity>
<dcterms:rightsHolder>
<prism:creationDate>
<prism:keyword>
<dc:type>
<dcterms:rights>
<prism:publicationDate>
<rdfs:label>
<prism:url>
<csdb:dqInfo>
<csdb:sharePolicy>
<csdb:purpose>



publishing	methods	and	steps
o An	example	of	data	set	metadata:

28

<csdb:Database rdf:about="http://semweb.csdb.cn/csdb/resource/database/12053084">
<dc:title>Z�XS5H8N.</dc:title>
<prism:publicationDate rdf:datatype="http://www.w3.org/2001/XMLSchema#dateTime">2010-12-

03T09:51:59</prism:publicationDate>
<dc:subject>�>C�</dc:subject>
<rdfs:label>Z�XS5H8N.</rdfs:label>
<prism:url>http://nsl.imde.ac.cn;http://www.mountain.csdb.cn/page/showEntity.vpage?uri=mouhazards.cata

HazardObsdata</prism:url>
<dc:source>��C�T�!YA7H8BDE</dc:source>
<dcterms:accrualPeriodicity>year</dcterms:accrualPeriodicity>
<dc:contributor>��C�T�!YA7H8BDE</dc:contributor>
<dc:type>004.01</dc:type>
<dcterms:rights>-*	?G%V�-*+
GFJ-*	?��K�	?�%V6/-*49[

</dcterms:rights>
<csdb:dqInfo rdf:resource="http://semweb.csdb.cn/csdb/resource/dqinfo/31022770"/>
<prism:creationDate rdf:datatype="http://www.w3.org/2001/XMLSchema#date">2009-08-

08</prism:creationDate>
<dcterms:rightsHolder rdf:resource="http://semweb.csdb.cn/csdb/resource/contact/30941721"/>
<prism:keyword>YA7;S5</prism:keyword>
<dc:description>3-*U,#��C�T�!YA7H8BDE���Z�XH8�@S5N.[S5N.

�)5�H8E;@R2H8N.[</dc:description>
<dc:creator>��C�T5�O&P �:��<�BD'</dc:creator>
<csdb:sharePolicy>3-*��25"�I���M	?[</csdb:sharePolicy>
<dc:coverage rdf:resource="http://semweb.csdb.cn/csdb/resource/coverage/17137914"/>
<csdb:purpose>3-*U@S5H8N.���Z�XYA71�N.Q�	?�0BDYA7$&�YA

7W(@=LN.[</csdb:purpose>
</csdb:Database>



publishing	methods	and	steps
o Issue	#2:	RDF	data	are	structured,	but	most	scientific	data	

are	unstructured
o We	distinguish	data	items	into	two	classes

29

Data	records������

• records	usually	stored	in	relational	
databases

• structured

Data	files������

• File	content	is	unstructured
• Metadata	is	structured



o Publishing	data	records	- rules:
1. each	table	is	mapped	to	a	data	set

����	����
2. each	record	is	mapped	to	an	RDF	resource

���
�	��RDF��
3. each	field	is	mapped	to	an	RDF	property

�����	RDF�����
4. field	values	are	mapped	to	RDF	property	values

����	RDF����
5. foreign	key	relationships	are	mapped	to	RDF	links

�������RDF��

publishing	methods	and	steps

30

data	records RDF



publishing	methods	and	steps

o Publishing	data	files	– rules:
1. Each	file	is	assigned	two	URLs,	one	for	file	download,	the	other	for	file	

metadata	
��URL�����+����

2. When	users	access	download	URL,	provides	file	contents	in	binary-stream	
(Non-RDF)
����������

3. When	users	access	file	description	URL,	provides	mixed	description	in	RDF	
format
�������	�

4. file	metadata	includes	file	attributes	and	extracted	metadata

1. file	attributes	������	��
n filename,	size,	creation	time

n often	retrieved	from	file	systems

2. extracted	metadata	from	content�����
���
n FITS�HDF4�JPG�NetCDF�PowerPoint�Visio�Word

31



publishing	methods	and	steps
o Examples	of	extracted	metadata

32

extracted	metadata	of	a	FITS	file

extracted	metadata	of	a	JPEG	file
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o ��
�	��VisualDB
o In	SDB project,	we	developed	VisualDB help	data	owners	to	

publish	scientific	data	both	as	HTML	pages	and	Linked	
Data	on	the	Web

o ������	�����
o VisualDB allows	users	define	publishing	rules in	Web	

interfaces,	without	programming

publishing	tool	- VisualDB

34

Visual	Scientific	Data	Management	and	
Publishing	Tool



publishing	tool	- VisualDB
o In	SDB,	VisualDB has	been	deployed	in	37	

institutes
n 4.1	billion	records�41�	
��
n 26	million files�2600�����

n are	published	as	Linked	Data

35
4.1	billion	records 26	million files



publishing	tool	- VisualDB
o Sample	URIs

36

<rdf:RDF
xmlns:dc="http://purl.org/dc/elements/1.1#"
xmlns:code="http://www.zoology.csdb.cn/wod/resource/vocab/VertebrataCode/code/"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:j.0="http://www.zoology.csdb.cn/wod/resource/vocab/VertebrataCode/"
xmlns:dataset="http://voovle.csdb.cn/ns/dataset#" >
<rdf:Description
rdf:about="http://www.zoology.csdb.cn/wod/resource/VertebrataCode/code/020370019">
<code:family>Anatidae</code:family>
<code:genus>Anser</code:genus>
<code:cfamily>	�</code:cfamily>
<code:cgenus>��</code:cgenus>
<code:corder>���</code:corder>
<code:csubfamily>null</code:csubfamily>
<dataset:belongsEntity

rdf:resource="http://www.zoology.csdb.cn/wod/resource/vocab/VertebrataCode/code"/>
<rdf:type

rdf:resource="http://www.zoology.csdb.cn/wod/resource/vocab/VertebrataCode/code"/>
<code:species>indicus</code:species>
<code:order>ANSERIFORMES</code:order>
<code:subfamily>null</code:subfamily>
<code:subspecies>null</code:subspecies>
<code:author>(Latham�1790)</code:author>
<code:code>020370019</code:code>
<code:cname>���</code:cname>
<dataset:belongs

rdf:resource="http://www.zoology.csdb.cn/wod/resource/vocab/VertebrataCode"/>
<dc:title>���</dc:title>
</rdf:Description>
</rdf:RDF>

.��2	�������11/1�7�����0��1�
�29�����3���39�9
1���1������
������

.��2	�������11/1�7�����0��1�
��9�9���3���39�9
1���1������
������

request	for	
a	html	page

request	for	an	
RDF	graph



Linked	Data	application	- Voovle
o ��������Voovle
o We	developed	Voovle as	a	search	engine for	scientific	data	

published	as	linked	data.

37

How	to	search?



Linked	Data	application	- Voovle
o Voovle offers	free	text	search	

by	inputting	keywords��
�
��

o Voovle also	offers	semantic	
query	by	submitting	a	
SPARQL	query���
SPARQL	��

38
[1] Apache	Lucene - Welcome	to	Apache	Lucene.	Online	at	http://lucene.apache.org/

SELECT	distinct	(?s)	WHERE
{
?s	?p	‘��'	
}



search	engine	for	CERN	observation	data
http://cern.voovle.csdb.cn

search	engine	for	Scientific	
Data	Grid

http://datagrid.voovle.csdb.cn

search	engine	for	SDB
http://voovle.csdb.cn

124	datasets,	5.64	million records

39

Linked	Data	application	- Voovle



Linked	Data	application	– link	discovery	tool
o Upon	RDF	store	

built	by	Voovle,	
we	developed	
tools	to	find	
useful	links	
among	scientific	
data.

o ���	���
��

40



Linked	Data	application	– link	discovery	tool
o ARIF	is	such	a	tool	based	on	graph	similarity�������
o In	ARIF,	all	RDF	graph	operations	involved	in	the	link	

discovery	process	are	defined	as	different	“RDF	actions”.
o ARIF���
���������RDF���	���

�RDF	action�
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• RDF dumping
• RDF construction
• RDF matching
• RDF identification
• RDF substitution

RDF actions



Linked	Data	application	– link	discovery	tool
o ��������
o experiments	and	results	

with	ARIF
n discovered		2284	links	between	

two	plant	collection	databases
n discovered	 4934	links between	

two	animal	databases
n discovered	 244	links	between	

Qinghailake ecological	
observation	database and	animal	
database

n trying	more	experiments…
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Outline
o ��

background
o ��������

why	Linked	Data?
o ������
��

publishing	methods	and	steps
o �
	������

publishing	tool	and	Linked	Data	applications
o �����

future	work	on	data	publication
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conclusions
o ��
������������

n We	published	scientific	data	to	promote	data	sharing	in	
Chinese	Academy	of	Sciences	

o ����RDF�������
���
n We	chose	RDF as	data	representation	format	for	

scientific	data
o ������������������	

n We	chose	Linked	Data as	open	access	mechanism	of	
scientific	data
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new	problems
o no	guarantee	of	quality
	������

o unstable	data	access	URLs
	�URL���

o unable	to	evaluate	the	values	of	data
	������
���
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possible	answers?
o no	guarantee	of	quality
	������
—peer	reviews	on	data?

o unstable	data	access	URLs
	�URL���
—data	repositories	provide	data	storage	and	
preservation?

o unable	to	evaluate	the	values	of	data.
	������
���
—data	DOIs	enable	data	citation?
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big	picture	of	Data	Publishing(or	Publication)
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1. ����,	"��������������,"�	
���,	2013

o issues	involved	:
• metadata	management/data	management/identifier/peer	review
• long	term	storage/data	citation/data	impact	evaluation

o roles	involved:	data	repository/	publisher/	journal/	author

ßdata	citation

data	repositoies publishers data	impact	
evaluation

data
metadata

DOI

data
paper

traditional	
publishing



the	GBIF/Pensoft workflow	of	data	publishing	and	automated	

generation	of	Data	Paper
o important	issues	

involved	in	data	

publication:

• Metadata

• Identifier

• markup

• link

• Archiving

• migration

• Exchange

• rights

• …

1. Lyubomir Penev etl.	Pensoft Data	Publishing	Policies	and	Guidelines	for	Biodiversity	

Data.	Implemented	by	Pensoft Publishers,26th	of	May	2011

similar	framework	for	Data	Publishing



Keep	walking
o �	�������
o Our	goal	is	to	build	a	complete	data	publishing(or	

publication)	system	based	on	CNIC	cyber	infrastructure,	
but	we	still	have	a	long	way	to	go…
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GOAL:	to	build	a	complete	Data	
Publishing(or	Publication)	System	in	CAS

We	are	here Data	Citation

DOIData	Storage

Open	Access



Thank	you	for	your	attention!
��
����

������	
Zhihong SHEN

�������������

bluejoe@cnic.cn
http://www.csdb.cn
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