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Architectural Knowledge (AK) has been an integral part of Softivarieitecture specification

since its original inception, but it has been explicitly managed only recently. It can be described
as a computational structure of design decisions and rationales; recent research emphasizes
that availability must be complementeby an effective use of this information. Therefore,
when systems are complex and large, an effective searching method becomes critical. We
propose the use of Linked Data techniques to define and query AK, thus achieving a flexible
storage and scalable aech. Our approach suggests storing the network of decisions in RDF
format to be retrieved efficiently by means of SPARQL queries. This format is, by definition,
general and extensible. As a side effect, many different AK structures can be described this
way, which then becomes a general format to describe AK. In that way, this work analyzes
some significant features regarding to AK of several Linked Data tools in order to determine
which ones are the best/worst for handling AK as Linked Data.



1 Whatis Open Data?

According tq1], Open Daa can be defined a¥data that can be freely used, reused and
redistributed by anyone" So, this type of information is available to everyone in a
computational format.

This idea obpennestias some requirements in relation to data which gg

1. Availability and Accessdata must be avaible in a convenient form, preferably
through the Internet as nowadays everybody have open and freely access to it
everywhere.

2. Reuse and Redistributiprdata must be provided allowing its easy reuse and
redistribution.

3. Universal Participationeveryone musbe able to use, reuse and redistribute this kind
of data, without discrimination against any person or group of people.

We may find lots of types of Open Data, such as:

1. Cultural Datainformation about cultural works, like titles or authors, normaligred
by libraries, archives and museums.
2. Science Datadata produced by means of scientific research in any scientific field.
Financial Data data from government or financial markets, like accounts, stocks,
shares, etc.
Statistic Datadata produced bytatistical offices.
Geodata information used to make any type of maps.
Weather Datadata used to predict and understand the weather.
Transport Datasuch as timetables, routes or-ime statistics.
Environment Datadata related to the natural environemt (rivers, seas, etc.).
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Andwhy should data be operThese are the main reasons:

1. Transparencyln a weHfunctioning, democratic sociefyitizens need to know what
their government is doing. To do that, they must be able freely to access government
data and information and to share that information with other citizens. Transparency
AdyQi 2dzad o2dzi | O0Saasx tAditenAtdunderstangd | 6 2 dzi
material it needs to be analysed and visualized and this requires that the material be
openso that it can be freely used and reused.

2. Releasing social and commercial valirea digital age, data is a key resource for social
and commercial activities. Everything from finding your local post office to building a
search engine requires access totajamuch of which is created or held by
government. By opening up data, government can help drive the creation of
innovative business and services that deliver social and commercial value.

3. Participation and engagement, participatory governance or for busss and
organizations engaging with your users and audience. Much of the time citizens are
only able to engage with their own governance sporadicallynaybe just at an
election every 4 or 5 years. By opening up data, citizens are enabled to be much more
directly informed and involved in decisioil { Ay 3® ¢KA& Aa Y2NB O(GKIy
Fo2dzi YIFI1Ay3 | FdzZf aNBFRKoNARGSeE a20ASGex vy
the process of governance but being able to contribute to it.



2 What s Linked Data?

As its name indicates,inked Datamplies using the Web in order to create typed links
between data from different sources, i.e. it refers to a set of best practices for publishing and
connecting structured data on the W¢B]. All this information produces a global data space,
commonly called th&Veb of Dateor Semantic Web

Until now, we have been used the term Web of Documents due to the fact that the
information connected on the Web was made up of simply documents, but today this
paradigm is changing. Lots types of data can be interconnected through the Web, not only
documents, so the architecture of the Web of Data tends to be very similar to the WNéW o

In this sense, th&emantic Welisn't just about putting data on the wel3]. It is about
making links, so that a pgon or machine can explore the Web of DaWith Linked Data,
when you have some of it, you can find other, related, data.

Tim Bernerd_ee outlined the Linked Data principleq3ij

UseURIsas names for things

UseHTTP URBD that people can look up those names.

If a URI is looked ypprovide useful information, using the standaRRDFand SPARQL
Includelinksto other URIso thé they can discover more things.

o

Namely, dJRlidentify real world objects, abstract concepts, web documents and digital
content. This URI must beHT' TP URWhich can identify the same as URIs and enable these
URIs to be dereferenced (or look up) over HiETP protocol into a description of the identified
object or concept. This description should follow the standaFwhich is a single data model
for publishing structured data on the Web, but not a data format, so RDF data can be serialized
in different formats, like RDF/XML, RDFa, Turtle, etc. Finally, this information represented as
RDF has to be connected usiRBHinksthat are hyperlinks in the Linked Data context which
connect disparate data into a single global data sfjate

In summary, like the Web of Hypertext, the Web of Data is constructed with documents
on the web. However, unlike the Web of Hypertext, where links are relationships anchors in
hypertext documents written in HTML, the &l of Data has links between drfary things
described by RDB].

3 What is Linked Open Data?

At this point, we should know what is Open Data and Linked Data as two separate things
so that now it is easier to define whatlimked Open Dat@LOD). It i$3] Linked Data relesed
under an open license, which does not impede its reuse for free.

In this sense, Tim Bernekge[3] proposes a star scheme in order to know how good
and available is our Linked Open Datiaderthis scheme, you get one star if the information
has been rade public at ajli.e. if it has an open licence. The more stgm get,as you make
it progressively more powerfulhe easier for people to use.

‘E Available on the web (whatever formaiut with an open licence, to be Open Data
‘E'E Available asnachinereadable structured data (e.g. excel instead of image scan of a t



‘E'E'E As (2) plus nofproprietary format (e.g. CSV instead of excel)

Allthe above plus usepen standards from W3C (RDF and SPARQL) to identify thing
that people can point at your stuff

EEEEE Altheaboveplusiily { @2dzNJ RIF G 2 20§KSNJ.LIS2LX S¢
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4 Linked Data Tools

This section is intended to show how to use some Linked Data tools in order to manage
Architectural Knowledge (AK)lore specificallyFigl displays the AK decision network that we
are going to exploit within the different Linked Data tools.

http://archk.tk/DD2
http://archk.tk/DD4

http://archk.tk/DD3

http://archk.tk/DD8

http://archk.tk/DD1

http://archk.t@
K http://archk.tk/DD6

http://archk.tk/DD5
Figl - AK decision network

Eachhttp://archk.tk/DDX node represents @esign DecisiofDD) in our network. All
relationships between these nodes acenstrainstype, except for the connection between
http://archk.tk/DD3 and http://archk.tk/DD6, which is a relation of exclusion.

The following RDF/XML code lines represent our AK decision network, writtenrdf an

file.
<?xml version="1.0" encoding="utf -8"7>
<IDOCTYPE rdf:RDF[
<IENTITY rdf 'http://www.w3.0rg/1999/02/22 - rdf - syntax - ns#>
<IENTITY rdfs 'http://www.w3.0rg/2000/01/rdf - schema#'>
<IENTITY xsd 'http://www.w3.0rg/2001/XMLSchema#'>
<IENTITY prop 'http://archk.tk/property#'>
<IENTITY kind 'http://archk.tk/dd/kinds#">
<IENTITY conn 'http://archk.tk/dd/relation#>
<IENTITY att 'http://archk.tk/dd/attributes#'>
<IENTITY rat 'http://archk.tk/dd/attributes/rationale#'>
1>
<rdf:RDF xml:base= "http://archk.tk/DD3" xmIns:rdfs="http://www.w3.0rg/2000/01/rdf -

schema#" xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlins:conn="http://archk.tk/dd/relation#" xmiIns:prop="http://archk.tk/property#"
xmins:kind="http://archk.tk/dd/kinds#" xmins:att="http:/ /archk.tk/dd/attributes#"
xmins:rdf="http://www.w3.0rg/1999/02/22 - rdf - syntax - ns#"
xmins:rat="http://archk.tk/dd/attributes/rationale#">
<rdf:Description rdf:about="http://archk.tk/DD3">

<att:author>Rafael</att:author>

<att:category>Structural< [att:category>

<att:decision>Common Business Logic is Packaged as a Layer</att:decision>

<att:risk rdf:datatype="&xsd;integer">0</att:risk>

<att:scope>Universal</att:scope>

<att:state>Approved</att:state>

<att:rationale> The business logic of the application must be
encapsulated in a set of components for both the mobile application a nd the web server;
the common set of components is defined as a separate layer.

</att:rationale>

<rat:Layer>Business</rat:Layer>



<att:timeStamp rdf:datatype="& xsd;dateTime">2012
01T13:55:33.280368+01:00</att:timeStamp>

<kind:classification>Existence</kind:classification>
<conn:constrains rdf:resource="http://archk.tk/DD4" />
<conn:constrains rdf:resource="http://archk.tk/DD5" />
<conn:constrains rdf:r esource="http://archk.tk/DD7" />
<conn:constrains rdf:resource="http://archk.tk/DD8" />
<conn:excludes rdf:resource="http://archk.tk/DD6" />
<prop:type>DesignDecision</prop:type>

</rdf:Description>

<rdf:Description rdf:about="http://archk.tk/DD1">
<att:author>Cris</att:author>
<att:category>Structural</att:category>

-05-

<att:decision>Using a three - layered architecture</att:decision>

<att:risk rdf:datatype="&xsd;integer">0</att:risk>
<att:scope>Universal</att:scope>
<att:state>Approved</att:s tate>
<att:rationale>Rationalel</att:rationale>
<rat:Layer>Business</rat:Layer>
<att:timeStamp rdf:datatype="&xsd;dateTime">2012
01T13:55:33.280368+01:00</att:timeStamp>

<kind:classification>Existence</kind:classification>
<conn:constrains rdf:resource="http://archk.tk/DD2" />
<conn:constrains rdf:resource="http://archk.tk/DD3" />
<conn:constrains rdf:resource="http://archk.tk/DD4" />
<conn:constrains rdf:resource="http://archk.tk/DD5" />
<prop:type>DesignDecision</prop:type>

</rdf :Description>

<rdf:Description rdf:about="http://archk.tk/DD2">
<att:author>Cris</att:author>
<att:category>Structural</att:category>

-05-

<att:decision>Using a User - Interface layer</att:decision>

<att:risk rdf:datatype="&xsd;integer">0</att:risk>
<att:scope>Universal</att:scope>
<att:state>Approved</att:state>
<att:rationale>Rationale2</att:rationale>
<rat:Layer>Business</rat:Layer>
<att:timeStamp rdf:datatype="&xsd;dateTime">2012
01T13:55:33.280368+01:00</att:timeStamp>
<kind:classifica tion>Existence</kind:classification>
<prop:type>DesignDecision</prop:type>
</rdf:Description>
<rdf:Description rdf:about="http://archk.tk/DD4">
<att:author>Cris</att:author>
<att:category>Structural</att:category>

-05-

<att:decision>Defining classes o f the mobile application for managing the

on- site ticketing process</att:decision>
<att:risk rdf:datatype="&xsd;integer">0</att:risk>
<att:scope>Universal</att:scope>
<att:state>Approved</att:state>
<att:rationale>Rationale4</att:rationale>
<rat: Layer>Business</rat:Layer>
<att:timeStamp rdf:datatype="&xsd;dateTime">2012
01T13:55:33.280368+01:00</att:timeStamp>
<kind:classification>Existence</kind:classification>
<conn:constrains rdf:resource="http://archk.tk/DD7" />
<conn:constrains rdf:resource="http://archk.tk/DD8" />
<prop:type>DesignDecision</prop:type>
</rdf:Description>
<rdf:Description rdf:about="http://archk.tk/DD5">
<att:author>Cris</att:author>
<att:category>Structural</att:category>

-05-

<att:decision>Defining classes for managing the main services offered by

the web application</att:decision>
<att:risk rdf:datatype="&xsd;integer">0</att:risk>
<att:scope>Universal</att:scope>
<att:state>Approved</att:state>



<att:rationale>Rationale5</att:rationale>
<rat:Layer  >Business</rat:Layer>
<att:timeStamp rdf:datatype="&xsd;dateTime">2012 - 05-
01T13:55:33.280368+01:00</att:timeStamp>
<kind:classification>Existence</kind:classification>
<prop:type>DesignDecision</prop:type>
</rdf:Description>
<rdf:Description rdf:ab out="http://archk.tk/DD6">
<att:author>Cris</att:author>
<att:category>Structural</att:category>
<att:decision>Using a Data Management layer</att:decision>
<att:risk rdf:datatype="&xsd;integer">0</att:risk>
<att:scope>Universal</att:scope>
<att :state>Approved</att:state>
<att:rationale>Rationale6</att:rationale>
<rat:Layer>Business</rat:Layer>
<att:timeStamp rdf:datatype="&xsd;dateTime">2012 - 05-
01T13:55:33.280368+01:00</att:timeStamp>
<kind:classification>Existence</kind:classification>
<prop:type>DesignDecision</prop:type>
</rdf:Description>
<rdf:Description rdf:about="http://archk.tk/DD7">
<att:author>Cris</att:author>
<att:category>Structural</att:category>
<att:decision>Connecting the mobile application and the web
applicati  on</att:decision>
<att:risk rdf:datatype="&xsd;integer">0</att:risk>
<att:scope>Universal</att:scope>
<att:state>Approved</att:state>
<att:rationale>Rationale7</att:rationale>
<rat:Layer>Business</rat:Layer>
<att:timeStamp rdf:datatype="&xsd;da teTime">2012 - 05-
01T13:55:33.280368+01:00</att:timeStamp>
<kind:classification>Existence</kind:classification>
<prop:type>DesignDecision</prop:type>
</rdf:Description>
<rdf:Description rdf:about="http://archk.tk/DD8">
<att:author>Cris</att:author>
<att:category>Structural</att:category>
<att:decision>Packaging separately the API that connects the Business
Logic to the Data Layer</att:decision>
<att:risk rdf:datatype="&xsd;integer">0</att:risk>
<att:scope>Universal</att:scope>
<att:state>App roved</att:state>
<att:rationale>Rationale8</att:rationale>
<rat:Layer>Business</rat:Layer>
<att:timeStamp rdf:datatype="&xsd;dateTime">2012 - 05-
01T13:55:33.280368+01:00</att:timeStamp>
<kind:classification>Existence</kind:classification>
<prop :type>DesignDecision</prop:type>
</rdf:Description>
</rdf:RDF>

The Linked Data tools that we are going to talk about\Ar&uoso(section4.1), Linked
Media Framework(section4.2), Apache Jena and Fuség&ection4.3), TopBraidSuite(section
4.4), Sesamgsection4.5), Mulgara (section4.6), RedStorgsection4.7), Callimachugsection
4.8). In sectiom.9, we are going to present other Linked Data tools that are not going to take
part of the feature analysis in sectidn but we consider that they have to be mentioned.

4.1 Virtuoso

Virtuoso is a single data server, developed ®@penLink Softwarewhich offers
functionality from between traditional Relationabth managementto Linked Data server. In



particular, this hybrid product allows you to deal with the following arg&dsof which we are
particularly interested in the italics marked ones:

- Relational data management

- RDF data management

- XML data management

- Free text content management and full text indexing
- Document Web server

- Linked Data server

- Web application server

- Web services deployment

In order to exploit this server with Linked Data, we may QpenLink Data Sges(ODS)
[6] that is an expanding line of Virtuodimsed applications for establishing and managing data
on the web and the emerging Semantic web. This application suite includes a web based file
sharing patform, calledODS Briefcasgr], which allows users to control file access rights,
search based on content and metadata. In addition, all resources are exposed as RDF data sets
so file server functionality can be exploited by meahSBARQL query language for Semantic
Web.

Some key features @DS Briefcasgre [6]:

- Automatic Metadata Management and Extraction (automatic extraction of file
metadata from many file types)

- Powerful FullText Search (by metadata, path, flename, content words, mippe,
etc.)

- Flexible Data Access (via SPARQL, among others)

- Open Data Access (easy and transparent integration within any environment)

- Security

- Unified Central storage and access point

- Resource tgging (for categorize the content by ussgfined tags)

- Shared Folders View (shows all resources that can be accessed by the user)

- Version Control

Especially for managing Linked Da@DS Briefcaseffers several characteristics as
upload RDF files, validating their format previously according to a particular syntax, like XML,
edit these files, consume uploaded data to the server by means of SH8R&howing query
results in various formats (HTML, XML, JSIaMascript, NTriples, RDF/XML or spreadsheet).

In Fig2, we may see th®©penLink Briefcasaterface and thetextual_example_LD.rdf
file stored in theAK _datafolder.
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Copyright ® 2000 - 2009 OpenLink Software

Fig2 ¢ OpenLink Briefcase

In Fig3 and Fig4iError! No se encuentra el origen de la referengiae can see the
OpenLink Virtuoso SPARQL Qimgrface and the query results in HTML format, respectively.

OpenLink Virtuoso SPARQL Query
This query page is designed to help you test OpenLink Vituoso SPARQL protocol endpoeint.

Consult the Virtuoso Wiki page describing the service or the Online Virtuoso Documentation section RDF Database and SPARCL.

There is also a rich Web based user interface with sample queries. You can access it at: jisparg|
rQuer

Default Graph URI

‘ Use only local data (including data retrieved before). but do notrefrieve mere
Query text
SELECT *

FROM <urn:ak_data>
WHERE {?3 ?p 0}

Display Results As: HTML v Rigorous check of the query

Fig3 ¢ OpenLink Virtuoso SPARQuery
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Fig4 ¢ SPARQL query results in HTML format

In addition to this, we can create SPARQL queries based on a graph representation and
run them usingOpenLink iISPAR. Fig5 shows theOpenLink iSPAR@Iterface. Notice that
the data source (URL) has to be given, in our cas@ak_data

File Help Login
QBE| |Advanced| |Resulis

EHEE N QL | G| S 8] | = | &d, ot Source (URL): [umak_data +

Please select a nede or edge to view its
properties.

| — |

a T— ® £ bound E—
D\ Sunbound £5

Lorderby | hitp:ffxmins com/foaf{0.1/ -

Import Remove

Query op
(D Distinct | Type:| SELECT v| | Result size limit: 50 | rows Lesve empty for server maximum setting ‘

» Query Metadata

»Endpoint Options (Virtuoso)

[ Ubiauity | Bookmaridet - arag this ik to your browser's bookmark bar: [SPARGL Copyright @ 2003 OpenLink Softuars, Ins. OAT Version 2.8 Build SDste: 2002/12/08 17:25:43 5
Fig5 ¢ OpenLink iISPARQL
4.1.1 Architectural Knowledge as Linked Data: step by step with Virtuoso

In this sectionwe are going to describe in detail the steps you have to follow in order to
manage Architectural Knowledge as Linked Data, using Virtuoso serv@C@riefcase



1. First of all, we have to download the open version of Virtuoso Universal Server andl instal
it in our machine ffttp://virtuoso.openlinksw.com/downloady. At the time of writing, the
latest release is 7.0, and it is available for Windows, Linux and Mac OS. We have to be
registered to makéhe download, but registration is totally free.

9
@ OPENLINK e

Making Teehnolugy Work For You®

. 2
Corporate w Products = Services v Support v Sales Blogs Download = Offers 24 secoionar igoms| v

0 eE OpenLink Virtuoso Download Page
o All Virtuoso Universal Server” installers include the full "Client Connectivity Kit”
Standalone "Client Connectivity Kit" installers coming soon for all platforms.
* Download 9 P
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> Benefits
* Presentations ¥ Installers
* Tutorials
- Windows
- Wiki XP/200x/Vista/7/8 x86_64 (64-bit) Virtuoso Universal Server Client Connectivity Kit
- Documentation Linux
R glibc 2.12 %86_64 (64-bit) Virtusso Universal Server
glibc 2.5 x86_64 (64-bit) Virtusso Universal Server
* White Papers
Mac 05 X
+ Open-Source Project
10.7 xand higher (Universal) Virtuoso Universal Server
JR— # VAD Packages
Contact Us
Support Case System 3 Release 6.4

Support Forum

Live Chat (Online)

Fig6 ¢ OpenLink Virtuoso Download Page

2. With our credentials, now we can go hitp://my.openlinksw.com/ods/and sign in. Then,

we are allowed to us®©DS Briefcasby clicking theBriefcaselink from the left vertical
navigator bar.
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Copyright @ 2000 - 2008 OpenLink Software
About Privacy FAQ Developers

Fig7 - OpenLink Briefcagaverall interface
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3. We can create a new folder to upload our RDF file into © Cli A y
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Fig9 ¢ Create a new folder wit®DS Briefcag®)

4. Once the new folder has been created, you can access it by clicking its name link. Then you
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Figl0¢ Upload an RDF file withDS Briease

5. We can check the inserted triples, going @penLink Virtuoso SPARQL QuaTgpoint:

http://my.openlinksw.com/sparglt ¢ K S NB =
LINSaa (KS

are the same as iRig4.

This query page is designed to help you test OpenLink Virtuose SPARQL protocol endpoint.
Consult the Vituoso Wik page describing the service or the Online Virtuoso Documentation section RDF Database and SPARQL.

There is also a rich Web based user interface with sample queries. You can access it at: fispargl

Default Graph URI

Use only local data (including data retrieved before), but do not retrieve more v
Query text
SELECT *
FROM <urn:ak_data>
WHERE -

{

?s 7p %o
}

Display Results As: HTML v Rigorous check of the query | RunQuery | Reset

S SYGSNI |
& w dizy'execudeStNaB you seelffiglil2 Yhe results of this query

lj dz8 NB

Figl1¢ A simple query usin@penLink Virtuoso SPARQL Query

For more information about these steps, you can visit linis

4.2 Linked Media Framework (LMF)

Linked Media FrameworklO] is an easyo-setup server application thapackages
Semantic Web technologies to offer advanced servitbss famework consists afiwo main

elements:LMF Core and LMF Modules.

TheLMF Core component is a Linked Daever that allows exposing data folling the

Linked Data Principles. In addition to the Linked Data Server, the LMF Core also offers a highly

configurable Semantic Search service and a SPARQL endpoint.

%


http://my.openlinksw.com/sparql/
http://virtuoso.openlinksw.com/dataspace/doc/dav/wiki/Main/VirtRDFInsert#Example%20Using%20Linked%20Data%20Import%20folder%20and%20Upload%20from%20File

Otherwise, we can enhance these LMF Modules from Linked Media Framg®grk

- LMF Semantic Searttnat offers a highly configurable Semantic Search service.

- LMF Linked &ta Cachethat implements a cache to the Linked Data Cloud that is
transparently used when querying the content of the LMF. In case a local resource
links to a remote resource in the Linked Data Cloud and this relationship is queried, the
remote resource Wi be retrieved in background and cached locally.

In addition to this, LMF niplements its own authentication and authorization
mechanism.n this manner, lhere are three predefined profiles:simple (allows read access
from everywhere and write access gnfrom localhost or other local interfacgsstandard
(allows read access from everywhere and write access only for authenticated wghrs
manager rol¢, andrestricted(allows access only for authenticated usgers

By default, LMF will use th&mple profile, allowing only access from localhostwié
want to change tis profile, we have to go to Securitgrofiles and then presSave

We know that sarch over resources will always be domapecific and will need to
take into account the schema of ttdata. Therefore, the semantic search componeht MF
provides only very simple and straightforward search functionality by default for three typical
generic cases of metadat®DF(rdfs:label, rdfs:comment)DC (dc:title, dc:description) and
SKOS%skos:pefLabel, skos:altLabel, skos:definition).

However, in orderd adapt the search component to our specific domdiMF Admin
Interface offers the pssibility to define &DF Path Programe. a set of rules that map index
fields to RDF properties or patle RDF properties. For example, the following program (rdf)
defines four fiedls (title, summary, tag, type):

@prefix hg : <http://www.holygoat.co.uk/owl/redwood/0.1/tags/> ;

title = rdfs:label :: xsd:string ;

summary = rdfs:comment :: Imf:text ;

tag = hg:taggedWithTag / hg:name :: xsd:string ;
type = rdf:type :: xsd:anyURI ;

In the most simple case (e.g. title), the rule maps an index field to exactly one RDF
property. In more complex cases, the rule allows to follow a path of RDF piexper.g. in the
"tag" field, the rule would start at the current resource and follow thgitaggedWithTag
property, and from there it will follow théag:nameproperty and store it in the indeXLearn
more aboutRDF Path Progratin http://code.google.com/p/Imf/wiki/ModuleSemanticSearch
andhttp://code.google.com/p/ldpath).

4.2.1 Architectural Knowledge as Linked Data: ste p by step with LMF

In this section, we are going to describe in detail the steps you have to follow in order to
manage Architectural Knowledge as Linked Data, usimiged Media Framework

1. First of all, we have to download LMFhittp://code.google.com/p/Imf/downloads/list At
the time of writing, the latest standalone release is 2.3.1. It is recommended to download
a standalone JAR file in order to install all LMF components and Apache Tomcat
automatically.



http://code.google.com/p/lmf/wiki/ModuleSemanticSearch
http://code.google.com/p/ldpath/
http://code.google.com/p/lmf/downloads/list

2.

5.

Install the JAR file doubldicking on it, with default options. Notice that the installation

path on windows systems may not contain whitespaces, which is a serious bug of Tomcat
application server.

Once we have installed LMF, we have to tstdre LMF server. Go to Salzburg
bSé6aSRAI[ I 0 F2ftRSNE GKSYy [AY]1SR aSRAlF CNIY
aSRAI CNIYSg2Nlé¢ A02y 0

(V)]
<.

. Salzburg NewMedialab Ayuda y soporte técnico
. Linked Media Framework
‘w Shutdown Linked Media Framew, i
‘s Start Linked Media Framework

/ Samsung

! Servi{ This will start the Linked Media Framework Server
StenTres1 8 T

Figl2 ¢ Starting theLMFserver

Now, we can access the administration interface by pointingr drowser to
http:// {your_host hameB080/LMF and going to Administratiohinked Media
Framework.

". Linked Hello

(VEIEY Core Services
Framework

Resource-hased versioning Welcome to the Linked Media Framework

Congratulations! You've made it to install the LMF. Now, whats's next? Have a look at the tips below.

Have Fun!
Your L MF Team

#’ Configure LMF Core First Steps:
about 1. Interacting with Resources

configuration To interact with resources, you need a REST client that is capable of issuing POST, PUT, GET and DELETE commands to remote resources. A very
g basic command line tool for this is cURL.
database

Create a Resource
export

e first steps

import icurl -1 -X POST http://localnost:8080/LMF/resource/1234

Command:

dataview

system As a result, the resource with the URI http:/ /localhost:8080/LMF /resource /1234 will be created, indicated by an HTTP status code of 201.

tasks Upload RDF Metadata for a Resource

webservices The server decides based on the "Content-Type" header how to process data sent with the request. To upload metadata, the Content-Type
should be of the form "type/subtype; rel=meta". Examples

= application/rdf+xml; rel=meta
Meet Lucy, the Librarian = text/rdf+n3; rel=meta

Command:

Fig13 ¢ The administration interface of LMF

Then, go to Core Servieesport in order to upload an RDF file into LMF server. First,
select the input sourceéype asFile choose the RDF file and click tmeport! Button. A
pop-up window notifies that the import was made successfully.



Linked .
Media Core Services
Framework

° Resource-based versioning lmporter

Import

(BRI

1. Select input source-type:
File|URL
# Configure LMF Core 2. Select file:

e [G\Universidad\Doctora||_Examinar.

configuration 3. Import

database Source

export Relation

first steps Mime

import Context

dataview

system

tasks

webservices

Q

Meet Lucy, the Librarian

Li_‘

Figl4 ¢ Adding an RDF file into LMF

Then, we can go to Core Servickdaviewand see the RDF data already imported to

LMF.
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SeEmimiEs e hitp: [/ archk.tk/dd/antributes#state Approved
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ittp:/ /archk.tk/dd /relation#constrains ttp:/ farchk.tk/DD3
ittp:/ /archk.tk/dd /kinds#classification Existence -

Figl5¢ Data view with LMF

By clicking each resource, for example hbtgp://archtk.tk/DD1, we can see its local
description, as you see Fig16.
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@ cristina-pcB0B0/LMF/meta/text/htmiTuri= http334%2F%2Farchk.tk%2FDDL

yMl Linked _
' Media LMF Linked Data Explorer
Framework
raw triples
Local description of htip://archk.tk/DD1:
inspection

property | haswawe | __________contet _______[ _info |

http://archk.tk/dd/attributes#author Cris knowledgespace:default

http://archk.tk/dd/attributes#categol Structural knowledgespace:default =
http://archk.tk/dd/attributes#decision Using a three-layered architecture knowledgespace:default =
http://archk.tk/dd/attril i i il knowledgespace:default -
http://archk.tk/dd/attributes#risk "0"~~xsd:integer knowledgespace:default =
http://archk.tk/dd/attributes#scope Universal knowledgespace:default =
bhttp://archk.tk/dd/attributes#state Approved knowledgespace:default =
http://archk.tk/dd/attri i amp "2012-05-01T11:55:33.000+0000"*xsd e:default -
http://archk.tk/dd/attributes/rationale#Layer Business knowledgespace:default =
http://archk.tk/dd/kinds #1 il Existence knowledgespace:default =
http://archk.tk/dd/relation#constrains http://archk.tk/DD3 knowledgespace:default -
bhttp://archk.tk/dd/ i onstrain: bttp://archk.tk/DD4 knowledgespace:default -
http://archk.tk/dd/relation#constrains http://archk.tk/DD2 knowledgespace:default -
bhttp://archk.tk/dd/ i onstrain: bttp://archk.tk/DD5 knowledgespace:default -
http://archk.tk/property#type DesignDecision knowledgespace:default =

Get this resource in raw RDF: RDE/XML, N3, Turtle, RDF/JSON, JSON-LD

Fig16 ¢ LMF Linked Data Explorer

6. Finally, we can execute SPARQL queries in order to retrieve some RDF data from LMF
server. Notice that LMF offers three different mannersitake these queries.

We can usé-lint SPARQL Editgoing to SPARGEIint sparg| editor.

@ cristina-pc:B080/LMF/sparql/admin/editor /fl ql_editor.htenl [ - Google
-
o Resource-based versioning Flint SPARQL Editor 0.5.1
New Edit View Help
& Classification Services Ll ) f C) e « ® M
Dataset  Local LMF hd Output Format  SPARQL-XML hd Submit
» Configure LME Core SELECT * WHERE (s 2p 20 <
Mest Lucy, the Librarian
& cndpoints ana caches
o sSKWRL Programs
Q Line: 1; Position: 26; Query is valid
Thesaurus Management Query Results
<?xml version='1.0" encoding='UTF-8'7> .
<spargl smlns='http://wwns w3 org/2008/sparql-rasulest’> @
4 <head> —
Queries and Updates <variable name=rs'/>
<varisble name='p'/>
<varisble name='o'/>
i </head>
configuration wresults>
<resule>
e flint sparqgl editor <binding name='s'>
<urizhtup://archk.tk/DDe</uri>
</binding> o

Figl7 ¢ FlintSPARQL Editaithin LMF

Or we can use davascript SPARQL result wsualizer calle®gizlerthat allows us to
enter customSPARQL queries and visualize their results in different kinds of charts. Go to
SPARQIsgvizlerto use it. InFig18, we can see the output of the query at the bottom of the
screen in a table format.
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Visualize SPARQL Query Results
This page allows you to enter custom SPARQL queries and visualize their results in different kinds of charts. The

implementation is based on Sgvizler, so you can evaluate query visualisations here and then build your own custom
LMF+Sgvizler applications.
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hitp: farchic t/DD8

http/archk tk

Fig1l8¢ SgvizlelSPARQL visualizer within LMF (1)

Notice that Sgvizler will show owlata properly or report an error, depending on
compatibility between our data and the chart type selected. Specifically, our Linked Data can
only be represented with gOrgChart, gTalli@(8), sDefList, sList and sText chart types:i¢n
19, we can see an example of an error when we pretend to visualize our results as a Ibar char
03. I NJ K I Défa columri(SFfor ¥xis é0 cannot be of type s#ing

AW, Linked

Hello
Media SPARQL
Framework

Visualize SPARQL Query Results

This page allows you to enter custom SPARQL queries and visualize their results in different kinds of charts. The

implementation is based on Sqvizler, so you can evaluate query visualisations here and then build your own custom
LMF+Sgvizler applications.

PREFIX rdf: <htop://www.w3.org/1988/02/22-rdf-synt.
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema$>
PREFIX owl: <htcp://www.w3.org/2002/07/owlé>

PREFIX ¥sd: <BLED://ww.w3.0rg/2001/XMLSChema>

1 SELECT *
Meet Lucy, the Librarian 2 WHERE

Endpoints and Caches

Received 92 rows. Drawing chart...

View query results (in new window).
Queries and Updates

Data column(s) for axis #0 cannot be of type string
about

Fig19- SgvizlelSPARQL visualizer within LMF (2)

Finally, we can usSnorg) which is the SPARQL explorer for DBpedigroject aiming
to extract structwed content from the information created as part of the Wikipedia praject
Go to SPAR@inorgl to use Snorq|l.

! DBpedia official websitéttp:/dbpedia.org/About



http://dbpedia.org/About

Results: Browse

SPARQL results:

Fig20 ¢ Snorglwithin LMF

4.3 Apache Jena and Fuseki

In generalApache Jenfll]is a Java framework for building Semantic Web applications
In particular, Jenais a Java API for Semantic Web applications which can be used to create and
manipulate RDF graphs. Therefore, Jena provides a collection of tools and Java libraries that
allow you to develop semantic web and linkddta applications, tools and sengrThis Jena
framework includes the following features:

- An API for reading, processing and writing RDF data ih, Xriples and Turtle
formats

- Anontology API for&ndling OWL and RDFS ontologies

- Arule-based inference engine for reasogiwith RDF and\WL data sources

- Sores to allow large numbers of RDF triplesie efficiently stored on disk

- Aquery engine compliant with the latest SPARQL specification

- Servers to allow RDF data to be published to other applications using a variety of
protocols, incluthg SPARQL

Thus, in order to provide support for RDF manipulation, Jena has object classes to
represent properties, graphs (models), resources and literals. In addition, it provides constant
classes for weknown schemas, such as RDF, RDFS, RDFa, Rublior ©OWL, and also has
some methods for reading and writing RDF as XML. Apart from that, Jena allows you to control
the namespaces used on output with its prefix mappings; retrieve from a model the resource
object, given its URI; access the propertiea ofsource, using some specific methods; query a
model; or manipulate models as a whole by means of three operations: union, intersection
and difference. So the primary use of Jena is to help you write Java code that handles RDF and
OWL documents or degptions.

On the other handiFusekis a SPARQL server that offers the following services:

- SPARQL Query, SPARQL Update and file upload to a selected dataset
- Validators for SPARQL query and update and forRIOR/XML formats



Notice that query outputs can b several formats, such as JSON, XML, Text, CSV or
TSV.

4.3.1 Architectural Knowledge as Linked Data: step by step with Apache Jena

In this section, we are going to describe in detail the steps you have to follow in order to
manage Architectural Knowledge askdd Data, usingpache Jena

The aim of this tutorial is to provide a guide to prepare the Eclipse Platform for using
Jena, not to explain in detail how to use their objects and classes themselves. To do this, visit
http://jena.apache.org/tutorials/rdf api.html

1. First of al, we have to download and install Eclipse. Go to
http://www.eclipse.org/downloads/and download the latest version of theclipse Classic
Platform. At the time of writing, the latest release is 4.2.2. Then, install it on your
computer.

2. Open the Eclipse platform and create a new Java project. First, go-{ddvit®roject.

File | Edit Source Refactor Navigate Search Project Run Window Help

New AltsShift+N » | (1% Java Project - ~| = CQuick Access ]I Q‘
Open File... % Project..
= B  Zouine X =8
Clos CulsW | B | Pack
o ! g I An outline is net avalable.
Close Al Ctrl+Shift+W. Class
Save Clates | @ Interface
Save As... @ Enum
save Al CurlShiftes | € | Annotation
Revert &9 Source Folder
4% Java Working Set
Move.. &3 [rold
Rename.. 2|5 he
&
€| EEi=D B 1 & Untitled Text File
Convett Line Delimiters To it Test Case
prnt. 1P B9 Other.. CtrisN
Switch Workspace »
Restart
fug  Import...
4 Export.
Properties Alt+Enter
Exit
Bl console i3 1 =8

No consoles to display at this time.

Fig21 ¢ Creating a new Javaqgject with Eclipse(1)
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Fig22 - Creating a new Java project wititlips€2)
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e Java - Eclipse SDK -8
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Create a Java Project

Create a Java project in the workspace or in an external location.

o

Project name: | Tutorial

Use default location

Location:  CAUsers\Cris\werkspace\Tutorial Browse...

JRE

®) Use an execution environment JRE: | JavaSE-1.7

() Use a project specific JRE: jre?
) Use default JRE (currently ‘jre7") Configure JREs..

Project layout
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@) Create separate folders for sources and class files Configure defoult.
Working sets

[]Add project to working sets
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An outline is not available,

A B-ri-=08

@ < Back Next »

Fig23 ¢ Creding a new Java project witBclipsg3)

Now, we have to download the Jena libraries in order to use them within Eclipse. Go to

http://sourceforge.net/projects/jenalfiles/Jena/Jenrd.6.4/ to download them and unzip

the file downloaded to be ready

to use in Eclipse.

Then, we can define aser libraryin Eclipse, i.e. a declaration of a library that we can
reference from any project, which contains the Jena libraries. Go to WiiRteierences.


http://sourceforge.net/projects/jena/files/Jena/Jena-2.6.4/
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Now we have to add all the .jar files from Jena libraries which are ilibhdirectory of
our Jena install directory.
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The result is that we have already created a user libraryadcdéeal ibshat contains the
Jena libraries.
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libraries will be added to the boot class path when launched.

Defined user libraries:

User libraries can be added to a Java Build path and bundle a number of external archives. System
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5. To use them into our Java project, we rigiitk on it in the explorer window and navigate
to the Build Path menu option in order to atlte JenaLibsibrary.
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SelectJenaLibsnd clickFinishin order to add it to the classpath of our project.

User Library

Select a library to add to the classpath. @

User libraries:

Ehilenalibs!

User Libraries...

Fig31- AddingJenalibraries into our Java project (3)

And now, we can use Jena within Eclipse (see this tutorial
http://www.iandickinson.me.uk/articles/jengeclipsehelloworld/ for more detail).



http://www.iandickinson.me.uk/articles/jena-eclipse-helloworld/

4.3.2 Architectural Knowledge as Linked Data: step by step with Fuseki

In this section, we are going to describe in detail the steps you hafadloav in order to
manage Architectural Knowledge as Linked Data, usiisgKki

1. First of all, we download the JenaFuseki package from
http://www.apache.org/dist/jena/binaries/ It is a ZIP file #t we have to unzip in order to
use it.

2. Once we have this file unzipped, we can run the Fuseki server, writing the following line in
the consolefusekiserver--update--mem/ds, where--update option allows us to update
the dataset/ds, and--memaoption creates it as an empty and ngpersistent dataset.

11852813 H . LICENSE
1178520813 H - log4j.properties
11852813 =85 1. NOTICE
11852813 H pages

11.-85%-2013 i 3. ReleaaeNotea.txt
11852813

11852813

11852813

11852813

11852813

11852813

11852813

11852813 : 17.997 ;—update—form
21 archivos 18.766.822 hytes
4 dirs 79.217.184.768 bytes libres

C:~Users~CRISTINA~Dezktop~jena— fugekl BA.2_.?>fuseki—server ——update ——mem sds
17:18:47 INFO Server Dataset: in—memory

17:18:47 INFO Config :: Home Directory: C “UserssCRISTINA~Desktop|
njena—fuseki-B.2.7%.

17:18:48 INF0 Server :: Dataset path = ~sds

17:18:48 INFO Server :: Fuseki B.2.7 2813-85-11T22:@5:51+A1808
17:18:48 INF0 Server :: Started 2013-/86-18 17:18:48 CEST on port
3838

Fig32 ¢ StartingFusekserver

Notice that if we run Fuseki with theloc=DIRoption instead of-mem, we can point it
to an existing TDB dataset (and if it doesn't exist ithvlcreated). As TDB datasets on disk are
persistentanytime, when we run Fuseki with thdoc flag set to the same path (in this case
DIR, it will use the same dataset and keep changes between sessions.

Since you'll have created the same dataset you usa Java code with the TDB jars to
access this dataset from code directly without going via Fuseki.

3. As the server is started, we can gohtip://localhost:3030/ which is the Fuseki interface
to manage our data.
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General SPARQL Service
® SPAROL query form
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® SPARQL 1.1 Query
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® SPARQL 1.1 Protocol

® SPARQL 1.1 Uniform HTTP Protocol for Managing RDF Graphs

Fig33 ¢ Fusekinterface

4. To upload our RDF data to the Fuseki server, we have to Goritrol Paneind select our
dataset,/ds. Then, in thd=useki Querinterface, we select the RDF file to upload into the
server and clickJpload

Fuseki Query
Dataset: /ds

SPARQL Query

Output: JSON ~
XSLT style sheet (blank for none): hml-to-htmlxs!
[7] Force the accept header to text/plain regardless

SPARQL Update

Perform update

File upload

File: Gl i i it| Examinar.

Graph: default

Fig34 ¢ Uploading an RDF file infusekserver

5. Once our RDF file is uploaded into the Fuseki server, we can make queries to manage this
data. Go tohttp://localhost:3030/spargl.tpland write in theSPARQL Quetgxt area the
F2ff 206A\SHEGTH:SWIERE {@s?8 D} ¢ KSy &St SO0 G Gé 2 dzi LIdzi
Results



http://localhost:3030/sparql.tpl

Dataset: /ds

Fuseki Query

SPARQL Query

[SELECT *

Output: Text
XSLT style sheet (blank for none): /xmkto-htmlxs|

WHERE { 2s 2p 20 }|

"] Force the accept header to text/plain regardiess

Get Results

Fig35 ¢ Querying our data wittFrusekand SPARQL

Finaly, the results of the query are presented, in this case, in text format:

I

| s ) | o
| <nctp://archk.tk/DD1» | <nctp://archk.tk/dd/attributesistater | "approved”

| <hctp://archk.tk/DD1> | <hcttp://archk.tk/dd/relationfconstrains> | <nttp://archk.ctk/DDE>

| <nttp://archk.tk/DD1> | <http://archk.tk/dd/relationjconstrains> | <nttp://archk.tk/DDé>

| <nttp://archk.tk/DD1> | <http://archk.tk/propertyftype> | "DesignDecision™

| <nctp://archk.tk/DD1» | <nctp://archk.tk/dd/attributesicategory> | "scructural”

| <hcttp://archk.tk/DD1> | <http://archk.tk/dd/avtributesitimeStanp> | "2012-05-01T13:55:35.280368+01: 00" "<htep: //waw.wd.0rg/2001/XMLchematdateTine>
| <nttp://archk.tk/DD1> | <http://archk.tk/dd/relationjconstrains> | <nttp://archk.tk/DD3>

| <nttp://archk.tk/DD1> | <http://archk.tk/dd/attributesirisks (]

| <nctp://archk.tk/DD1» | <nctp://archk.tk/dd/relationfconstrains> | <nctp://archk.ck/DD2>»

| <hcttp://archk.tk/DD1> | <http://archk.tk/dd/avtributesirationale> | "Rationalel"

| .tk/DD1> | <http://archk.tk/dd/kindsfclassification> | "Existence"

| .tk/DD1> | <http://archk.tk/dd/attributesiscope> | "Universal"

| .Tk/DD1> | <nctp://archk.tk/dd/attributesfauthor> | "Cris"

| .Tk/DD1> | <http://archk.ck/dd/attributesidecision> | "Using a three-layered architecture"

| .tk/DD1> | <http://archk.tk/dd/attributes/rationalefLayer> | "Business"

| .tk/DD6> | <http://archk.tk/dd/attributesirisis (]

| .tk/DD6> | <http://archk.tk/dd/attributes/rationale#Layer> | "Business"

| .Tk/DDé> | <http://archk.tk/dd/attributesiscope> | "Universal"

| .tk/DD6> | <http://archk.tk/dd/attributesfauthor> | "Cris"

| .tk/DD6> | <http://archk.tk/dd/kindsfclassification> | "Existencen

| .tk/DD6> | <http://archk.tk/dd/attributesicategory> | "structural”

| .tk/DDé> | <http://archk.tk/dd/attributesistate> | "Approved"

| .tk/DD6> | <http://archk.tk/dd/attributesftimeStamp> | "2012-05-01T13:55:33.280368+01: 00" "<http: //www.w3.0rg/2001/XMLSchema$dateTime>
| .tk/DD6> | <http://archk.tk/dd/attributesfrationale> | "Rationales”

| .tk/DD6> | <http://archk.tk/propertydtype> | "DesignDecision™

| .Tk/DDé> | <http://archk.tk/dd/attributesidecision> | "Using a Data Management layer"

| .tk/DD4> | <http://archk.tk/dd/attributesidecision> | "Defining classes of the mobile application for managing the on-site ticketing process"
| .tk/DD4> | <http://archk.tk/dd/attributesfrationale> | "Rationales"”

| .tk/DD4> | <http://archk.tk/dd/attributesiscope> | "Universal™

| .tk/DD4> | <http://archk.tk/propertyitype> | "DesignDecision"

| .tk/DD4> | <http://archk.tk/dd/attributes/rationalefLayer> | "Business"

| .tk/DD4> | <http://archk.tk/dd/attributesicategory> | "Structural”

| .tk/DD4> | <http://archk.tk/dd/attributesistater | "approved"

| .Tk/DD4> | <http://archk.tk/dd/relationfconstrains> | <nttp://archk.ctk/DDT>

| .tk/DD4> | <http;://archk.tk/dd/attributesfauthor> | "Cris"

| : .tk/DD4> | <http://archk.tk/dd/kindsfclassification> | "Existencen

| <nttp://archk.tk/DD4> | <nttp://archk.tk/dd/attributesirisks | o

4.4

TopBraid Suite

I

Fig36 ¢ Query results witlFusekand SPARQL

TopBraid Suitgl2] is a compendium of products that offers semantic technology to help

user

flexible applications from linked data models.

in several scopes of amalbility, like connect data, systems and infrastructure or build

All components of the suite work within an open architecture platform built specifically
to implement W3C standards for integration and comliim@ of data drawn from diverse
sources (sed-ig 37). These components ar€opBraid Composefor design data,TopBraid
Ensembleto assemble data, anflopBraid Liveto interact with data. They will be explained

next.
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Fig37 ¢ TopBraid Suite Platform

TopBraid ComposefTBC)[13] is an Eclipse plugp that offers an enterpriselass
modelling environment for developing Semantic Web ontologies, building Semantic
applications and converting data and models to/from RDF or OWL. Therdi@elatform
provides complete support for developing and managing ontologies and Linked Data.

In that way, these are the main features of TopBraid Composer:

- Editing Ontologies and RDF Data

- Developing Semantic Web Applications

- Application Developmentools

- Importing Data Sources

- Exporting Data Sources

- Working with XML and Table files

- Developing Web Data (Microdata, RDFa)
- Data Integration

In addition, TopBraid Composer is fully compliant with W3C standards, such as RDF,
RDFS, OWL or SPARQL. In this eramati resources in the RDFS vocabulary are available in
TopBraid Composer, as well as all OWL language constructs. TBC also ensures not to have
syntactic errors in RDF data created in a text editor.

TBC provides an SPARQL tab to execute SPARQL qudriee aan also save query
results into a file. Furthermore, TBC can be used with Subversion (SVN) and allows opening
some file formats within its environment, like RDF/XML, Turtle, NBiphs, Excel documents
and XML.

On the other hand, we hav@opBraidEnsemble[12] a senmantic web application
assembly toolkit for rapid configuration and delivery of dynamic business applications, so it
allows us to create modalriven applications. This tool provides a quick route from an
ontology and RDF data to a working web applicatisimg prebuilt modeldrivenRich Internet
Application(RIA) components implemented with Adobe Flex. Notice that to indicate how this
application works is beyond the scope of this section, due to it is unlikely that we will use it.

Finally, we hav@opBrai Live(TBL)14] whichis an enterprise SO8apable Semantic
Web application and Linked Data platform. It is a server for deploying flexible, rddeh
applications and dynamic, esiemand integration of data from diverse sources.



So, it has so many benefits, such as:

- A unifed, standardsbased data integration procesbat combines data and schemas
from internal, external, structured and unstructured sources using connectors to
relational data, web services, XML files, JSON documents, spreadsheets, flat files, e
mail, content management systems and more.

- An orchestratin enginefor coordinating access to multiple sources (real time, ETL,
etc.) including relational databases, XML, spreadsheets and web services.

- Web Serviceg out-of-the-box RESTful Linked Data services plus a comprehensive
library of readyto-use modulesand functions for rapid creation of custom composite
web services from existing data and systems.

- Provenance and change managemehit completes audit trail of all changes,
versioning.

- Business rules Flexible and powerful reasoning integrates RDFSGIML inferencing
with custom, domairspecific business rules.

- SPARQL Endpaingiven that all information managed by TopBraid is accessible
through SPARQL. In addition to fSBRPARQL 1Query Language support, TopBraid Live
includes many extensions providles SPARQL functions.

- Linked Datagiven that all information managed by TopBraid is available as RESTful
web services returning a choice of serializations.

- Named graph architecture¢ TopBraid Live workspace is a quad store fully
implementing named graparchitecture.

- Modekbasedc fully dynamic, flexible and agile.

- Rapid application developmenqtusing prebuilt Ul components, application templates
and modules.

- Support for the entire application development lifecygleeamless migration from
developmentin TopBraid Composer to deployment in TopBraid Live.

There are two editions of this product. On the one hand, we h&eeBraid Live
Enterprise Serveahat provides full Internet and intranet access to the applications developed
with TopBraid Suite. Thisrser is deployed on a web container, such as Tomcat and supports
multi-user access from distributed clients. Users may access it through web services and HTML
and JavaScript applications, built using the TopBraid tools.

On the other hand, we hav@opBraidLive Personal Serverhich is included in the
Maestro Edition of TopBraid Composer (BE) in order to replicate Enterprise server
features on a local machine within an IDE environment. In this manner, it executes in a single
user environment, providing powerful tool for designing, developing and testing applications
before deploying them to an Enterprise server. You can access the Personal server from any
browser, running on the same machine as TBfice applications are designed with TRE
and the Pesonal Server, you can deploy them with a click of a button to the Enterprise Server
for full Internet and intranet access.

Notice that TopBraid Live provides Federation Services in order to perform federated
gueries across multiple databases which is aseatal feature for our aim.



Fig 38 represents the TopBrai&nterprise Reference ArchitectuiigRAYor the whole
TopBraid Suite and its three components (TopBraid @m®r, TopBraid Ensemble and
TopBraid Live)
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Fig38 ¢ TopBraidEnterprise Reference Architect{EERA)

4.4.1 Architectural Knowledge as Linked Data: step by step with TopBraid Suite

In this section, we are going to describe in detail the steps you have to follow in order to
manage Architectural Knowledge as Linked Data, usip@raid Suite

[ $G Q& & dpBraldiComposeK

1. First of all, we have to download TopBraid Composer from
http://www.topguadrant.com/products/TB_install.php Three versions are available:
Maestro EditionStandard Editiomnd Free Editionfrom the most comprehensive version



http://www.topquadrant.com/products/TB_install.php

of TBC to the light release that neither includes support and maintenance, nor the
graph view to illustrate the RDF graph, respectively. Apart from the different versions, we
can select the specific OS between Windows, Mac and Linux.

2. Once we have downloaded TBC, we haveutaip the corresponding file and execute
TopBraid Composer.ex@open TBC environment.

TopBraid - TopBraid Composer SE - g
File Edit MNavigate Project Window Help
i = (R A
[ [## TopBraid | L5 Resource
T Navigater I3 = =g
lesa~
1 TopBraid}
(= tutorial.topbraid.com
Q) Error Log £ 23, | B ®»~ =0

Workspace Log
type filter text

Message Plug-in Date

Fig39 ¢ TopBraid Composewerall interface

3. We can create a new project. Go to Hilew-Project.



File | Edit Mavigate Project Window Help
New AlteShift+N » | 7 Project...
Ceenliets [s] RDF/OWLFile
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Close All Ctrle Shift+ W RDF/OWL Jena SDB Database Connection
7 [ save Cines | B RDF/OWL Jens TDB Database
N [3] RDF/OWL Oracle Database Connection
e Al Cisshites | Bl RDF/OWL Sesame2 Repository Connection
e 9 Folder
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Rename... F2 | Other. CtleN
&7 Refresh F5
Print.. CtrieP
Switch Workspace »
Restart
g  Import...
3y  Export..
Properties Alt+ Enter
1 pizza.ttl [TopBraid/Examples]
2 textual_example_LD.rdf [tutorialto..]
Exit
@ Error Log 32 EEREEEERNE
Workspace Log
[ type filter text
Message Plug-in Date
ipge

Fig40¢ Creating a aw project with TBC (1)

Select a wizard

Create a new project resource

Then, we chooserojectfrom the General folder and clidkext

Wizards:

| type filter text

4 = General

I = CVS
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> = Web

7% Faceted Project

[ [ JavaScript

[ (= Examples

Finish

Cancel

Fig41¢ Creating a new project with TBC (2)

Finally, we give a name to the project and ckakishto create it in our workspace.




Project

Create a new project resource.

Project name: | Ted

Use default location

Location: | ChUsers\Cris\TBCSEWorkspace\TEC

Browse...
Working sets

[[] Add project to working sets
Wiarking sets:

Fig42 ¢ Creating a new project with TBC (3)

Once we have already created our TBC project, we may paste our RDF file into it, so we can
manage its RDF data.

File Edit Mavigate Project Window Help
OD-EEE 8 ivera-
[/ | % TopBraid | [ Resource

=8 =8
o RBER[6 7
4 = TBC
[ .project
[a] textual_example_LD.rdf 100 b0
7 TopBraid
Q) Error Log 1 EERIEE EE R
Workspace Log
[ type filtes text
Message
< >
in® TBC/textual_example_LD.rdf

Fig43 ¢ Adding our RDF data into a TBC project



Then, weare allowed to open this RDF file by doubliking it, using the editor provided by
TBC.

File Edit Navigate Project Model Inference Resource Window Help
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Fig44 ¢ Opening our RDF file with TBC

5. Once we have opened this file in TBC, we can navigate through its different tabs:
Overview, ProfileStatistics, Form, Graph or Source Code.

case<http://arch

For example, the Form tab shows all properties regarding to a specific resource, in this

k.tk/DD3>
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Fig4d5¢ Form tab in TBC
Another useful component of TBC is the Graph tadt Gvailable in Free Edition of TBC)

which shows a graph view of the RDF data, in this case, the AK decision network, including
relationships between design decisions.
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Fig46 ¢ Graph tab in TBC (1)

We can also expand these nodestlire graphic view in order to show their related

information, as you see iRig47.

L]



File Edit Navigate Project Model Inference Resource Window Help
Eid iO-H AWM I ivErD -

(] =
[/ |+ TopBraid | [[5 Resource

*3| <http://archk.tk/DD3>

o a

[3) tedusl_eample LD.rdf 02|

L]

=8
8
E @y delEevoT|E et aalon o[
=t M att:scope = Universal -
: él igrl:actte node [ att:state = Approved
B

"% Add connection

3 <httpi/farchictk/DD3>
W att:author = Rafael

W att:category = Structural
I stt:decision = Common Business Logi
[ sttrationale = The business logic ...
attrisk = 0

M att:scope = Universal

M sttstate = Approved

M ratLayer = Business
[ kind:classification = Existence
I propitype = DesignDecision

@ <http://archk.tk/DD1>
W att:author = Cris
[ att:category = Structural
[ att:decision = Using a three-layere...
W attrationale = Rationalel
attirisk = 0

att:timeStamp = 2012-05-01T13:55%:33...,

[ atttimeStamp = 2012-05-01T135533. | %
I ratiLayer = Business

M kind:classification = Existence
W prop:type = DesignDecision

conrfexcludes

fin:constrains

ccm’\:ctr\:uK

@ <http://archk.tk/DD4>
W attauthor = Cris
[ att:category = Structural
[ att:decision = Defining classes of

ttirationale = Rationaled
crisk = 0

M att:scope = Universal

M attstate = Approved

[ atttimeStamp = 2012-05-01T13:55:33..
[ ratiLayer = Business

[ kind:classification = Existence

M prop:type = DesignDecision

conniconstrains

M att:scope = Universal

[ attstate = Approved

[ att:timeStamp = 2012-05-01T13:55:33.
[ ratiLayer = Business

ind:classification = Existence
[ prop:type = DesignDecisien

conn:cofgtrains

Overview | Profile | Statistics | Form | Graph | Source Code

e

Fig47 ¢ Graph tab in TBC (2)

e mIxD

6. We may also be interested iexecute some SPARQL queries against our RDF data. TBC

offers another component which is a SPARQL view that allows us to run this type of
queries.
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Fig48 ¢ SPARQL view in TBC

At this time, we have to know thatpplications developedsing TopBraid Composer can
be deployed on TopBraid Live whether these applications use a TopBraid Ensemitlasedb
interface, a custom webased interface or a programmatic RESTful interface.

Notice that only the Maestro Edition ofopBraid Composemcéludes the Personal
Edition of TopBraid Live so that you can test veelsed applications while developitigem.
When you & ready to deploy these applications for use by multiple users, the Enterprise
Edition of TopBraid Live provides a scalable platffamnthis.

Now, we are going to explain the steps for usirapBraid Livéersonal ServeNotice
that you have to download the TBC Maestro Edition (IVEK} in order to use it. We are not
going to explain how to us€opBraid Live Enterprise Sergaren that it is not available as free
download, but you can contactales@topgquadrant.confor more information and go to
http://w ww.topguadrant.com/docs/tbl/42install/installation.html to  follow a complete
installation guide.
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1. First of all, open TBMIE by doubleclicking itsTopBraid Composer.efite.

2. Then, ensur¢hat the Personal Server is started. It is started by default but if not, go to the
HelpYSydz FyR Of AO1 2y (GKS 2LIiA2y a{dFNI t SNAE?Z2
OKIy3aS +ta a{dGd2L) t SNE2YIf ¢2LJL N} AR { SNBSNE HKS

<
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http://www.topquadrant.com/docs/tbl/42install/installation.html

3. At this point TBEME is launching thdopBraid LivePersonal &wver in background at
http://localhost:8083 You can uséttp://localhost:8083/tbl to access the admin console
(seeFig49).

- omEm
localhost 3] P = B

Fig49 ¢ TopBraid Live Personal Seradmin interface

4. Then, we can click on th€opBraid Live Server Administratitink in order to see the
different options offered by this application.

I Topbraia Lve Personal Server - Sever A | + | - a
€ @ localhost 2083/tbl/admin c || 8- coogle Pl & B-

Fig50¢ TopBraid Live Personal Seradmin options

For example, if we go to the first onBase URI Managemenive can see the different
projects that we hag in our workspace and their own files:


http://localhost:8083/
http://localhost:8083/tbl

TopBraid Live Persons! Server - Base URI...| 4

€ @ localhost 2022 M > M- A 4+ & B

Show
Show
Hide
z base URI
Hide.
FiieName base URI
ety
Hide
Narm base UR:
Show

Fig51 ¢ Base URI Management (TBL Personal Server)

Another administrative function iServer Configuration Parametettsat allows you to
visualize and edit the current server configuration.

€« @ Jtbl/swe?_vienC nfigEditor c| B~ Googie L ¥ A& B

AR
Y
configuration (ServerConfiguration)

Server Parameters

Security On:  true
Server URL:  hitpi/flocalhost.8083
Show Hidden Files:  false
General Database Parameters
Cache All Enabled:  false

SDB Keep Alive Request Interval:
Max Connections per SDB: 30

SWP Parameters

ui label function UR.
uilink base:

SMTP Server Parameters
SMTP Authentication On:  true
SMTP Server:
SMTP Server Port Humber: 587
SSLEnabled: false
SMTP Username:
SMTP Password:

Advanced Parameters
Disable Teamwork Permission Module:  false
Enable Fair Locks:  true
Longer Stack Traces:  fakse
Fail With Error on Design Inconsistency:
Suppress Warnings of Possible Desian
Inconsistency:
Max Time per Request: 30
Temporary Graphs Time Out: 2
Time before a TDB disk flush: 300
Use saxon:  false

Logging and Tracing Parameters
Tracing On:  false
Tracing to Console:  fakse
Max Log File Size: 1000
Max Number of Backups Log.: 10

# Edit

Fig52 ¢ Server Configuration Parameters (TBL Personal Server)

As another example, we may go Ryoject Deletdn order to eliminate one or more
projects in our workspace. Notice that not all the projects can be removed, as you Bé&g in
53.
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€& | @ localhost:2083/tbl/admin/ projectDelete

If we want to
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TopBraid Suite Console login
Show
Show
Show Delete
Show Delete
Show Delete
Show

Send Error Logto TQ

Fig53 ¢ Project Delete (TBL Personal Server)

launch SPARQL queries using

this server, we can go to

http://localhost:8083/tbl/spargland execute them, for exampl&ELECT * WHERE { ?s ?p

?0} The output of this query is shown kig54. Notice that the result format may be in
XML, HTML, Text/CSV and Text/TSV.

{7} TopBraid Live SPARQL Endpoint
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hitp://archk tk/DD3
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http://archk.tk/DD1
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Fig54 ¢ TopBraid Live SPARQL Endpoint
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45 Sesame

Sesamgl5] is an open gurce Java framework for storiragnd queryingRDF datasimilar
to Jena (see sectiof.3). Ths framework is fully extensible and configurable with respect to
storage mechanisms, inferencers, RId-firmats, query result formats and query languages.

Thisframework isn't very useful without implementations of various ARt core of
the Sesara framework is theRDF Model ARVhich defines how the building blocks of RDF
(statements, URIs, blank nes, literals, graphs and models) are represented. Another API is
the Repository ARVhich is the central access point for Sesame repositories. Its purpose is to
give a developefriendly access point to RDF repositories, offering various methods for
queryng and updating the data in an easy way.

Therefore Sesame supports SPARQL querying, a mebasyd and a diskased RDF
store and RDF Schema inferencers. It also supports most popular RDF file formats and query
result formats.

In addition, we can use th&eb applicationOpenRDF Workbendhat allows us to
interact with Sesame. It is possible given that this Web application provides a web interface for
querying, updating and exploring the repositories of a Sesame server.

4.5.1 Architectural Knowledge as Linked Data: step by step with Sesame

In this section, we are going to describe in detail the steps you have to follow in order to
manage Architectural Knowledge as Linked Data, (S#sgame

In particular, we are going to explain how to use OpenRDF Workbentianage RDF
data.

- First of all, we have to download a Java servlet container, like Tomcat or Jetty, in
order to set up Sesame as a standalone server. We choose Jetty as it has a very
simple installation and is developed by Eclipse Foundation. Go to
http://download.eclipse.org/jetty/stabled/dist/ and select the latest distribution
that will be a ZIP filéAt the time of writingthe latest version is 9.0.3.v20130506.

- Next, we have to ungithis file and writing the following line in the console in order
to start Jetty Java servlefava ¢jar startjar. Then, we can confirm that the
installation of Jetty has been successful, goindpttp://localhost:8080 through our
browser.



http://download.eclipse.org/jetty/stable-9/dist/
http://localhost:8080/

o) CAWindows\system32\cmd.exe - java -jar startjar

E:sjetty—distribution—9.8.3.v28138586 >java —jar start.jar
%?53:36_11 13:48:58.876:WARN: :main: test-realm is deployed. DO NOT USE IN PRODUC|

2@13-P6-11 13:48:58.954:INFO:0ejs.Server:main: jetty—9.8.3.v20138586

2013-86—11 13:48:58.985:INF0:oejdp.ScanningAppProvider:main: Deployment monitor
[file:/E:/jetty—distribution—9.8.3.v28138586/webapps-]1 at interval 1

2013-06—11 13:49:88.471 :INFO:oejpw.PlusConfiguration:main: No Transaction manage
v found — if your webapp requires one,. please configure one.

WARN : SystemlUtil. java:?1: No CPUParser for this platform — looking for class: [
org-apache .system_Windows81

BIGDATACR>

Flexihle
Reliahle
Affordahle
Web—Scale Computing for the Enterprise

Copyright SYSTAP. LLC 2886-2813. All rights reserved.

Cris—PC.uclm.es

Tue Jun 11 13:49:83 CEST 2813

Mindows B8-6.2 amdbd

lamd64 Family n. Model n, Stepping n,. Undeterminable #CPU=1
Oracle Corporation 1.7.8_21

freeMemory=113104536

buildVersion=1.2.3

Dependency License

1CU http://source.icu—project.orgs/repossicus/icustrunk-slicense.htm
1

higdata—ganglia http:/swuww.apache.orgslicenses/LICENSE-2 .B.html
colt http:rsacs.lbl.govssof tuwarescolt-license.html
commons—codec http:/swuww.apache.orgslicenses/LICENSE-2 .B.html
commons—fileupload http:/swww.apache.orgslicenses/LICENSE-2.8._html
commons—io http:/swuww.apache.orgslicenses/LICENSE-2 .B.html
commons—logging http:/swuww.apache.orgslicenses/LICENSE-2 .B.html
http:/7wuww.gnu.orgslicensesslgpl-2.1 . html
http:/swuww.apache.orgslicenses/LICENSE-2 .B.html

http://wuww.opensource.orgslicenses/mit—license.php

Fig55 ¢ Starting Jetty

After that, we have to go back to our prompt and QitrkCto stop Jetty because we
KISy Qi AyOf dZRSR (KS hLISyw5C 22N]JoSyOK 2! w FAf

- Download the OpenRDF Workbench latest release from
http://sourceforge.net/projects/sesame/files/Sesame%2abat will be a ZIP fileAt
the time of writing, the latest version is 2.7.1. Then unzip thie fand copy the
archivesopenrdfsesame.warand openrdfworkbench.warin order to paste them
into the webappsfolder of our Jetty installation.

- Then, we have to restart Jetty, writijgvacjar start.jarin the console, always within
our Jetty directory.

- o to http://localhost:8080/openrdfworkbench/repositories/NONE/repositoriet®
access the OpenRDF Workbench Web application. As you canFEgéénthere is a
repository by default.



http://sourceforge.net/projects/sesame/files/Sesame%202/
http://localhost:8080/openrdf-workbench/repositories/NONE/repositories

77 v | [ Googte e & B

Current Selections:
Sesame server:

Repository:
User (optional):

Copyright © Aduna 1997-2011
Aduna - Semantic Power

Fig56 ¢ OpenRDF Workbendverall interface

Then, we can create a repository. Go to Repositekiess repository to create one,
give the required information and pres&extbutton.

€@ p

ONE/create el [B3- Google £l e & B

m Workhbench

Current Selections:
Sesame server:
Repository:

canumsces Type: | Native Java Store ¥
Bypes D: | LData

Explore

Query Title: | Linked Data Repository |

Saved Queries — —
Export [Next | Cancel
SPARQL Update

Add

Remove

Clear

Information

Copyright © Aduna 1997-2011
Aduna - Semantic Power

Fig57 ¢ Creating a new repository witbpenRDF Workben¢t)

Then, given the default items, @e theCreatebutton.
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Copyright ® Aduna 1997-2011
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Fig58 ¢ Creating a new repository witbpenRDF Workben¢h)

Fig 59 shows the new repository that we have already ceshtwithin OpenRDF
Workbench.

-
(€)@

ornror warnch Lo tpestor- [+ | E———————
Kb D. i 3

P

j] Workbench

Current Selections:
Sesame server:

I
Linked Data Repository (LData ) [
L

Copyright © Aduna 1997-2011
Aduna - Semantic Power

Fig59 - Creating a new repository witBbpenRDF Workben¢B)



- We may add RDF data into our repository. Go to MeAiy, select the RDF file that
we want to upload and cliddpload

@ 1] OpenRDF Workbench - Add ROF a P
€)® P kbench/

Data/add 777 | [B- Google r e A B

Current Selections:
Sesame server: [ 1
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Query e
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RDF Data URL:
SPARQL Update
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fomeve ROF Data File: | E\Repositorio\ark_knc| Examinar_
r

() Enter the RDF data you wish to upload

Information

RDF Content:

Upload

Copyright © Aduna 1997-2011
Aduna - Semantic Power

Fig60 ¢ Adding RDF data withpenRDF Workbench

Then, we can go to Explefeontexts and click on the RDF file that we have already
uploaded in order to see its information.
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Fig61 ¢ Exploring RDF data witbhpenRD®orkbench

Finally, among other things, we can execute SPARQL queries going to Bysoye
and pressing th&xecutebutton.

U3E) i Data/query 77 v | [B- coogle £l e A B~
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Current Selections:
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Copyright © Aduna 1997-2011
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Fig62 ¢ Executing a SPARQL query viipenRDF Workbench



These are the query results for the previ®BARQL query.
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Fig63 ¢ SPARQL query results witipenRDF Workbench
4.6 Mulgara

Mulgara [16][17] is a scalable open source RDF database written entirely in Java,
licensed mder the Open Software License 3.0. This tool is like a relational database due to you
can store informationand retrieve it via a query language. Unlike a relational database,

Mulgara is optimized for the storage and retrieval RDFstatements (subjectpredicate
object).

These are the general features of this semantic store:

- Native RDF support

- Multiple databases (models) per server

- Simple SQlike query language (SPARQL or’yQL
- Small footprint

- Full text search functionality

- Large storage capacity

- Optimized for metadata storage and retrieval

- Multi-processor support

- Low memory requirements

- Streamed query results

Apart from that, Mulgara provides mechanisms for assurel@bility (full transaction
support, clustering and store level failer, permaent integrity), connectivity(Jena, SOAP,

Text Query Language



Software Developers Kit, etc.)nanageability (near zero administration, web based
configuration and monitoring tools) armtalability(XA Triplestore engine) of our system.

Thus XA Triplestore, which is the stpeaengine of Mulgara, provides scalability due to
the following features:

- 64-bit data structures, that allow Mulgara to store very large amounts of data, up to
the limits imposed by the host operating system

- Multiple sessions with no lock contention, saiagle writing session in addition to
multiple reading sessions can access the triplestore concurrently without the reading
sessions being required to acquire a global lock while processing a query

- Online backups, so you can modify and query concurresitly a backup operation

- Permanent integrity, thanks to edisk data structures of the triplestore

- Use of Java NIO (new 1I/O), that provides transactions, permanent integrity and good
performance while still remaining a pure Java implementation

Mulgara is capable of querying any type of data source by #sglversvhich accept
and process queries against data contained in a file, a database or other data source. In most
cases, the data being queried against is not in a meauifgfmat, i.e.it is not RDFand so the
resolver must convert the data first.

The resolver database class is highly configurable, allowing you to optimally set up
Mulgara for the appropriate usage requirements. By inserting different classes into the
constructor of thedatabase class you can set it up as a:

- Heavyweight storeéhat uses disk input and output as its primary storage, making it
persistentacross executions of the server

- Lightweight, memory based stotleat is faster but subject to memory limitations and
no persistence

There are five configurable parts for the database with respect to its operation:

1. Persistent Node Pool

2. Persistent String Pool

3. Temporary Node Pool

4. Temporary String Pool

5. System Resolver Factory

The Persistent Stringand Node Poolsmaintain the mapings of nodeid to string
representations for all current models in both the System and External modeld.erhgorary
StringandNodePoolsare used for storing temporary nodes during a query.

4.6.1 Architectural Knowledge as Linked Data: step by step with Mul gara

In this section, we are going to describe in detail the steps you have to follow in order to
manage Architectural Knowledge as Linked Data, udingara

1. First of all, go tdttp://www.mulgara.org/download.htmland download the latest version
of Mulgara. At the time of writing, the latest release is 2.1.13. Notice that we are going to
download the ZIP file.



http://www.mulgara.org/download.html

2. Then, unzip this file in order to start a Mulgara server. Go to a console terminal and type
java-jar mulgara2.1.13.jarto start a Mulgaa server with default settings.

EX C:\Windows\system32\cmd.exe - java -jar mu]gam—Z.l.B.jar_n Rl X

C:~Users~\CRISTINA~Desktop~mulgara—2.1 .13 dist>java —jar mulgara—-2.1.13.jar
Mulgara Semantic Store Uersion 2.1.13 <Build 2.1.13.locald>
INFO I[main] (EmbeddedMulgaraServer.java:734> — RHMI Registry started automatical
ly on port 16899
@ [mainl INFO org.mulgara.server.EmbeddedMulgaraServer — RMI Registry started a
utomatically on port 189% =
INFO Imainl] (EmbeddedMulgaraServer.java:?58> - java.security.policy set to jarﬂfj
file:/C:sUsers/CRISTINA-Desktop/mulgara—2.1.13sdist/mulgara—-2.1.13.jartconf. mul|
gara—rmi.policy
1@ [mainl INFQ org.mulgara.server.EmbeddedMulgaraServer - java.zecurity.policy
et to jar:file:sC:rUserssCRISTINA-Desktop/mulgara-2.1.13/dist/mulgara—2.1.13.ja|
! sconf /mulgara—rmi.policy

2813-86-24 11:34:25,.224 INFO Datahase — Host name aliases for thiz server arve:
[192.168.1.18, 127.8.8.1, localhost. CRISTINA-PC]

Fig64 ¢ Starting a Mulgara server

3. A default configuration for a standalone Mulgara server runs a set of web services,
including the Web User Interfac80, we can go tittp://localhost:8080/and show the list
of services available, as you seé-ig65.

Fig65 ¢ Mulgaraavailable web services

4. If we click on theJser Interfacdink (http://localhost:8080/webuil), a page should appear
as below:



http://localhost:8080/
http://localhost:8080/webui/

5.

@ mrulgara

Graph URI:
Query Text:

Submit Query | | Clear Query

Examinar.. | | Upload

Fig66 ¢ Mulgara User Interface

ThisWeb Ul page is used for general access to a Mulgara database

Then, we can upload a RDF file in order to manage it later. First, we have to apgefph
URI,i.e. any valid absolute URI, for examplen:mydata Then, press thd&xaminar...

button, choose the RDF file and clidkload

- 0 See
localhost ebu * I B - Google L

‘w rrulgara

Graph URI:  um'mydata

Query Text:

Submit Query | [Clear Query

File: GiL ineas de \ ¢| Examinar. | | Upload |

Fig67 ¢ Uploading a RDF file indulgaraserver (1)

It should appear a success message like this:



@ mruJlgara’

Graph URE:  umn:mydata

Query Text:

[Submit Query| [Clear Query
File: [ Examinar. | [Upload)

Results: (1 query, 0,720 seconds)

Query Executed: load <http://mulgara.org/virtual/ textual_example_LD.rdf> into <urn:mydata>

Result Message:  Successfully L tatements from http://mulgara.ore/

ial/ textual_example_LD.rdf into urn:mydata

Fig68 - Uploading a RDF file inMulgaraserver (2)

6. Once ve have uploaded our data, we can query it using, in this case, the SPARQL language.
For example, we can writSELECT * WHERE {?s ?pirPthe Query Textarea, which
contains a single command or query iither TQL or SPARQL languages, and click on
SubmitQuerybutton. Fig69 shows the results for this SPARQL query.

‘wmrulgara’

Graph UR:  um:mydata
SELECT *
WHERE
i
2= % 2

Query Text:

Submit Query | [ Clear Query
File: Examinar. | [Upload

Results: {1 query, 0,000 seconds)
Query Executed: SELECT * WHERE{?:% 70}

[ o
http:/ /archk.tk/DD3 | http://archk.tk/dd/attributes#author Rafael

htp://archk.tk/DD | http://archk.th/dd/attriby tructural

httpi/ /archk.tk/DD3 | http://archk.tk/dd/attributes#decision Common Business Loeic is Packaged as a L

http:/ /archk.t/DD3 | http://archk.t/dd/attri i 0" <http:// 001/XMLS:

http://archk.tk/DD3 | http://archk.tk/dd/attributes#scope Universal v

http:/ /archk.tk/DD3 | http://

http:

http://arc 53 logic of the application must be in a set of for both the mobile application and the web server;

http:
http:/ /archk th/DD3 2012-05-01T13:55: +01:00""<http:/ /www.w3. org/ 2001/XMLSc hemai#date Time=
http:/ /archk.tk/DD3 | http:/ /archk.tk/dd/kinds# Existence’

Fig69 ¢ Querying RDF data witiiulgara
4.7 RedStore

RedStord18] is a lightweight RDF triplestore written inl&guage,using the Redland
library that is a set of free software libraries that provide support f@DF. It supports, in
addition to its native persistent or imemory storage, a variety of storage backend adapters,
including MySQL, Postgres, and Virtuoso.nhtive mode, RedStore usdmsh tablesfor
persisting RDF data.

This tool has some main features, cited as below:

- SPARQL over HTTP support
- Builtin HTTP server



- Support for a wide range of RDF formats
- Only one runtime dependency: Redland
- Unit and integraibn test suite

But it has some limitations too:

- Single process/single threaded
- No request timeouts

There are some availablstorage moduleSfor RedStore that you can explicit while
starting it, using thet optionsdirective:

- Hashesthat providesin-memaory or persistentstoragevia Sleepycat/Berkeley DB
(BDB)>-thashii @ LIST Q6 R6 Q

- Memorythat providesa simple and fast imemory store with no persistence

- Filethat provides an irmemory modeinitialised from the RDF/XML content in a file

- MySOQLlthat is compiled in when MySQL 3 or 4 is availadnhel providespersistent
storage using the MySQL open source database

- Postgr&sQLthat is based on MySQL store and is compiled in when PostgreSQL is
available. This store providg®rsistentstorage using thd?ostgreSQL open source
database

- SQLitethat provides persistent storage via the SQLite relational database when
available and supports SQLite V2 and V3

- Tstorethat providespersistentstorage via the AKT Triplestore when available

- URIthat provides an irmemory model initialised &m the RDF/XML content in a
URI

- Virtuosothat is capable of efficiently handle large amounts of data with persistence

So, as an example, if you want to start RedStore on port 8080 using a persistent hashes
store, you have to typéhis commandredstore-p 80 -s hashest "hashtype='bdb". Notice
that you have to install a Berkeley DB in order to use the sk bdb (go to

http://linux.softpedia.com/progDownload/BerkeleipB-Download75.html).

4.7.1 Architectural Knowledge as Linked Data: step by step with RedStore

In this section, we are going to describe in detail the steps you have to follow in order to
manage Architectural Knowledge as Linked DasingRedStore

1. First of all, notice that RedStore is not available for Windows environments, but for Mac
h{ - YR [AYydzE® LYy GKA& OlFasSs LQY 32Ay3 (2 dz
GNB 2dzi WSR{G2NB® LT 6S Rhe/QpératifigiSE®m,wecan OKA Yy S
download VirtualBox from https://www.virtualbox.org/wiki/Downloadsfor emulating a
Linux Operating System.

Notice that we can use, for exampleygwinfor simulating aLinux bash terminal, instead of a
AN dzZl £ YI OKAYS SY@ANRBYYSyGus odzi AG A& yz2d NBO
work properly during the RedStore installation.

3 http://librdf.org/docs/api/redland-storagemodules.html



http://linux.softpedia.com/progDownload/Berkeley-DB-Download-75.html
https://www.virtualbox.org/wiki/Downloads
http://librdf.org/docs/api/redland-storage-modules.html

2. Then, go tohttp://releases.ubuntu.com/in order to download an Ubuntu disk image. At
the time of writing, the latest release is Ubuntu 13.04. This image has to be set within
VirtualBox, so we can follow this tutorifttp://www.psychocats.net/ubuntu/virtualbox
for install it.

3. Once we have installed Ubuntu inside VirtualBox, start this virtual machine and open a
terminal. Then, we are going to follow this tutorial in order to install RedStore
http://wiki.filteredpush.org/wiki/RedStore Installation_on_firuta

4. Within the Linux terminal, write the following lines in order to download RedStore and its
dependencies into &mp folder:

cd Desktop

mkdir tmp

cd tmp

wget http://download.librdf.org/source/raptor2 - 2.0.6.tar.gz
wget http://download.lib rdf.org/source/rasqgal - 0.9.28.tar.gz
wget http://download.librdf.org/source/redland -1.0.15.tar.gz
wget http://  www.aelius.com/njh/redstore/redstore - 0.5.4.tar.gz
Then, unpack these archives:

tar - zxvf raptor2 - 2.0.6.tar.gz

tar - zxvfrasqal -0.9.28.tar.gz

tar - zxvf redland -1.0.15.tar.gz

tar - zxvf redstore -0.5.4.tar.gz

5. Next, we have to install the dependencies for #aatogen script:

sudo su

apt - get install automake

apt - get install libtool

apt - getinstall gtk - doc - tools

6. Now, within the Raptor directory, run the Autogen script, install Libxml, which is the XML

parser to be used by Raptor, compile and install it:

cdraptor 2-2.0.6

Jautogen.sh

apt - get install libxml2 - dev
Jconfigure

make

make install

7. Next, we must compile Rasgal, but first we need the latest version of Flex and Bison:

apt - get install flex
apt - get install bison

8. Now we can run the Autogen script followed bynigure, make and install for Rasqal:

cd ..

cdrasgal -0.9.28
Jautogen.sh
Jconfigure

make

make install

9. Now for Redland:

cd ..

cdredland -1.0.15
Jautogen.sh
Jconfigure

make

make install

10. Finally, we can install RedStore given that its dependenciesiaee care of:


http://releases.ubuntu.com/
http://www.psychocats.net/ubuntu/virtualbox
http://wiki.filteredpush.org/wiki/RedStore_Installation_on_firuta
http://download.librdf.org/source/raptor2-2.0.6.tar.gz
http://download.librdf.org/source/rasqal-0.9.28.tar.gz
http://download.librdf.org/source/redland-1.0.15.tar.gz
http://www.aelius.com/njh/redstore/redstore-0.5.4.tar.gz

cd redstore  -0.5.4
Jconfigure

make

make install

Idconfig

11. Once we have installed RedStore, we can start it on port 8086:
redstore - p 8086 - b localhost
If we go tohttp://localhost:8086/, we can see the ain page of RedStore askig70.

File Edit View History BookmMks
@ RedStore - RedStore &=
{ localhost » & B~ Google Q -\F/L @

Tools Help

RedStore

¢ Query Form
¢ List Named Graphs
« Update:
o Load URI
o Insert Triples
o Delete Triples
» Download Dump
* Service Description

RedStore/0.5.4 librdf/1.0.15 raptor/2.0.6 rasqal/0.9.28

1 (sapaspeDame;

Fig70 ¢ Main page of RedStore

12. Then, if we go tdnsert Tripleswe can update our dataspace with our RDEadsaelecting
RDF/XML as the triple syntax, indicating a base URI and pressiSghihét Quenputton,
as you see ifrig71landFig 72.


http://localhost:8086/

o0 File Edit Vview Histery Bookmarks Tools Help

é @ Redstore - Insert Triples +*
@ } @ localhost:a086/insert + €| [B~ Google Q & @

Insert Triples

<?ypl version="1.8" encoding="utf-8"7> A
<!DOCTYRE rdf:RPEI I |

<IENTITY pdf 'http://www.w3.0rg/1999/02/22-rdf-syntax-ns#'> L

<!ENTITY rdfs 'http://www.w3.0rg/2000/01/rdf-schema#'>

<!ENTITY x5d 'http://www.w3.0rg/2001/XMLSchema#’ >

<!ENTITY prop 'http://archk.tk/property#'>

<!ENTITY kind 'http://archk.tk/dd/kinds#'>

<!ENTITY gonn 'http://archk.tk/dd/relation#'>

<!ENTITY gif 'http://archk.tk/dd/attributes#'>

<IENTITY rat 'http://archk.tk/dd/attributes/rationale#'>
1=
<rdf:ROE xml:base="http: //ﬁLsﬂk 1k/DD3" xmlns:rdfs="http: f/‘w w3.9rg/2000/01
/rdfoschema#" xmlng:xsd="http://ww.w3.0rg/2001/ M Schema#"
xmlps:conn="http://archk.tk/dd/relation#" ymlns:prop="http://archk. 1k
/property#" xmlns:kind="http://archk.tk/dd/kinds#" xmlns:ati="http://archk.tk
/dd/attributes#" xmlns:rdf="http://wwy.w3.9rg9/1999/02/22-rdf-syntax-ns#"
xmlns:rat="http://archk.ik/dd/attributes/rationale# >

<rdf:Description rdf:about="http://archk.1k/0D3"> -
<att:author>Rafael</att:author> i
Triples syntax: | RDF/XML =
Graph: (optional)
Base URI: |http://archk.tk/DD3 (optional)

Reset Submit Query

RedStore/0.5.4 librdf/1.0.15 raptor/2.0.6 rasqal/0.9.28

Fig71¢ Inserting triples with RedStore (l)

File Edit View Hi / Bookmarks Tools Help 14:08 3%
B Redstore-OK

@ localhost:8086/insert + & |B~ Google Q @ @

OK

Successfully added triples to: the default graph.

Y

RedStore/0.5.4 librdfy1.0.15 raptor/2.0.6 rasqal/0.9.28

‘0““\5] Q’ =B 4} DD D | e )

Fig 72 ¢ Inserting triples with RedStore (II)

13. Finally, if we go back to the main menu, we can chooseéXhery Fornoption and make a
SPARQL query, as you seEigv3andFig74.



Fig73 ¢ Making a SPARQL query within RedStore (I)

Fig74 - Making a SPARQL query within RedStore (Il)































































