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Abstract. The Linked Data approach, based on principles defined back in 2006 

and best practices for publishing and connecting structured data on the Web, 

can play an important role for opening the government resources, making  new 

citizen and business applications possible, which, in turn, creates (both tech and 

non-tech) business and job opportunities. This paper explores the challenges 

software engineers face when selecting and adopting technologies and tools for 

building Linked Data Apps development. Two different innovative applica-

tions: (1) the mobile supplier chain dashboard (SCD) tool and (2) the Geospa-

tial-semantic Exploration on the Move (GEM) tool are presented in details. This 

paper contributes to the understanding of the Linked Data technologies and 

points to lessons learnt from recent EU research projects. 
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1 Introduction 

The Linked Data approach is based on principles defined back in 2006 (Berners-Lee, 

2006) and best practices for publishing and connecting structured data on the Web 

elaborated by ICT experts [1-3]. 

Linked Data enables datasets to be linked together through references to common 

concepts. HTTP URIs (Uniform Resource Identifier) are used to identify any entity or 

concept (people, locations, products, events etc.), so that data consumers are provided 

with more information when accessing data, including relationships, i.e. links to other 

related URIs. The standard for the representation of the information that describes 

those entities and concepts, and is returned by dereferencing the URIs, is RDF, see 

https://www.w3.org/RDF/. Through the use of Linked Data principles, RDF provides 

a mechanism for data publishing on the web which supports easy discovery and cross- 

linking of published data. RDF simple, but flexible representation uses binary predi-

cates to describe resources. Tim Berners-Lee (2006) [4] proposed also a five star 

model for rating the Linked Open Data, where higher star ratings indicate more added 

value in the used approach. According to this rating, a five stars dataset is linked to 

other publishers’ data to provide context. 

In the last decade, Linked Data best practices have been adopted by an increasing 

number of data providers leading to the creation of a global data space that contains 

https://www.w3.org/RDF/
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many billions of assertions - the Linked Open Data cloud, http://lod-cloud.net/. The 

cloud has been enlarged from 12 datasets in 2007 to 1,139 in January 2017. 

Opening up i.e. making the data public provides citizens with easier access to ser-

vices, greater transparency and understanding of services, and improved communica-

tion through feedback loops, which immediately results in greater understanding and 

insight for the planning and delivery of community resources and societal support. 

Moreover, publishing the data in its original form (raw data) makes new applications 

possible, which, in turn, creates (both tech and non-tech) business and job opportuni-

ties. 

In this paper we point to scenarios for innovative use of open-source tools from the 

Linked Data Stack
1
 [5], based on our experiences in recent EU projects. In the period 

2011-2016, the Mihajlo Pupin Institute (PUPIN) was involved in three projects 

(LOD2, GeoKnow and SHARE-PSI) that besides the Linked Data Stack delivered 

also the SHARE-PSI Best Practices
2
 [6] as recomendations for Directive for re-use of 

Public Sector Information [7].  

The project LOD2 was crucial for the adoption of Linked Data technologies in 

government, as well as in an enterprise context. As part of the Linked Data Stack 

development, the PUPIN team designed and implemented several open-source tools 

and evaluated the Linked Data approach in several different scenarios with public and 

private datasets. Based on the experience gained in LOD2 and GeoKnow, in Section 

3, we are proposing a methodology for piloting innovative apps based on Open Data.  
Further on, in Sections 4 we showcase how Open Data can be used for enriching 

private datasets and supporting innovative applications in a supplier value chain, and 

in Section 5 we demonstrate the use of Open Data in touristic scenarios through the 

GEM tool. Section 6 concludes the paper. 

2 Related Work 

2.1 Linked Data Stack and Linked Data Methodologies 

The Linked Data Stack [2,3,8] is a distribution platform for software components 

which support one or more aspects of the Linked Data life cycle composed of data 

storing, integration, linking to publishing, analysing and  data visualization. The 

Linked Data Stack comprises a number of pre-configured tools for managing the life-

cycle of Linked Data and thus simplifies the deployment and distribution of the tools. 

The pre-configuration ensures that the deployed components are able to interact with 

each other. Moreover, it eases the information flow between components to enhance 

the end-user experience while harmonising the look and feel.  

The Linked Data methodology followed in the LOD2 (2010-2014) was mainly de-

voted to the publishing process, opening the data in a machine readable format and 

establishing the prerequisite tools and technologies for interlinking and integration of 

heterogeneous sources in general (government and enterprise context). The subse-

                                                           
1 http://stack.linkeddata.org/  
2 https://www.w3.org/2013/share-psi/bp/  

http://lod-cloud.net/
http://stack.linkeddata.org/
http://stack.linkeddata.org/
http://stack.linkeddata.org/
http://stack.linkeddata.org/
https://www.w3.org/2013/share-psi/bp/
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quent GeoKnow (2013-2015) project has contributed additional tools for bringing 

geospatial data to the Web of Data and showcased the benefits of Linked Data in en-

terprise context. The delivered open-source frameworks were made available for fur-

ther use via the in the Debian repository of the Linked Data Stack, see also the 

GitHub repository (https://github.com/geoknow). However, commercial partners used 

the opportunity to initiate new data-driven business model and continued to develop 

the prototype tools toward fully operable and enterprise-ready solutions.  

Having in mind the position and needs of Open Data consumers, in our opinion, 

there is a space for further development of Linked Data methodologies toward a 

standard software engineering methodology. Often the Linked Data methodologies 

that can be found in literature [9] are related mainly to the publishing process.
 
In [10], 

Jovanović proposed a new Linked Data methodology with a focus on reuse. It pro-
vides guidance to data publishers on defining reusable components in the form of 

tools, schemas and services, for the given domain.  

 

2.2 Linked Data Scenarios  

Figure 1 presents different scenarios for opening and consuming Open Data that were 

tested in the Mihajlo Pupin Institute in the period 2011-2016. Further details are pro-

vided in Table 1. 

 

 

Fig. 1. Open Data Scenarios. 
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Scenario 1 aims at sharing public sector information in machine readable format 

and, via a national portal (e.g. the Serbian CKAN [11]), and integration of datasets on 

the European Open Data Portal. This scenario covers the publishing process for statis-

tical data. Once available under a public license, Open Data from different data 

sources can be integrating and analyzed / visualized using Linked Data tools e.g. the 

ESTA-LD
3
 [12] tool in Scenario 2.  

Scenario 2 is devoted to the consuming operation and aims at re-using the available 

government sector data in innovative applications.  

In this paper we will discuss in detail the Case 3 i.e. leveraging available crowd-

sourced datasets such as DBpedia, http://wiki.dbpedia.org/, and LinkedGeoData, 

http://linkedgeodata.org/ in tourist scenarios, see Section 5.  
Scenario 4 and Scenario 5 illustrates the activities of a company interested to use 

public data for commercial purposes. Section 4 discusses the case in detail.   

Table 1. Application scenarios and the corresponding PUPIN tools.  

Data type Scenarios Tool  Features 

Scenario 1 

and 2: 
Statistical 

data (pub-

lic) 

 

Automation of 

the statistical 

production pro-

cess (Publishing) 

Statistical Workbench (in 

cooperation with LOD2 part-

ners) [5] 

Import / Export / In-

terlinking / Explora-

tion / Visualization / 

Publishing 

Monitoring so-

cio-economic 

indicators (Ana-

lytics ) 

Exploratory Spatio-Temporal 

Analysis of Linked Data, 

2015 [12] 

Transformation / Ex-

ploration / Visualiza-

tion 

Scenario 3: 
Geospatial 
data (pub-

lic) 

Route planning Geospatial-semantic Explora-

tion on the Move [13] 

Authoring / Explora-

tion / Motive-based 

search 

Scenario 4: 
Unstruc-

tured data 

(private / 

public) 

Improved man-

agement of un-

structured data 

Multilingual and multifunc-

tional Natural Language Pro-

cessing (NLP) and Linked 

Data tool, 2014 [14] 

Dictionary manage-

ment /  

Text enrichment / 

Document similarity 

search 
 

S5: Struc-

tured / Un-

structured 

(private) 

Supply-chain 

management 

Mobile Supply-chain dash-

board, 2015 [15] 

Exploration / Visuali-

zation 

3 Piloting Linked Data Apps 

The process of developing a new pilot application using open-source Linked Data 

tools (e.g. from the Linked Data Stack) can be divided into three phases, namely Ini-

                                                           
3 http://geoknow.imp.bg.ac.rs/ESTA-LD 

http://wiki.dbpedia.org/
http://linkedgeodata.org/


5 

tialization, Innovation and Validation (see Figure 2). The Innovation phase is dedi-

cated to further development of selected Linked Data components (vocabularies, tax-

onomies, open-source tools) and their customization to the target application. Often 

this phase include integration with existing enterprise systems and adoption of proven 

technologies for the benefits of the end-user organization. At the end of the Validation 

phase, the fully operable and enterprise-ready tools are put on market. 

3.1 Phase I - Initialization 

 Business Objectives & Requirements: Requirement Specification, Tech-

nical Characterization and setting up of Demo site; Establishing acceptance 

(success) criteria for pilot applications validation based on performance 

characteristics, usability, as well as EU and national regulations (e.g. related 

to data access and security measures); 

 Data Categorization and Description: Analysis of the datasets to be pub-

lished in Linked Data format and selection of vocabularies and development 

other specifications for metadata description; 
 

 

 

Fig. 2. Piloting Methodology. 
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3.2 Phase II - Innovation 

 Components selection and Tools development: Data access, transfor-

mation and enrichment, Integration of security measures in order to deal with 

possible communication threats;  

 Tools customization for the Pilot Applications: Customization of Linked 

Data components for use in the targeted domain (statistical data publication, 

navigation and situational awareness, etc.). 

3.3 Phase III - Validation 

 Continuous validation of the open-source tools that have been re-used, 

providing feedback for improving the solution components; tests with imper-

fect data; 

 Testing and replication with business users and citizens. 

4 Mobile Supplier Chain Dashboard - Tool 

4.1 Leveraging Open Data for More Informed Decision Making  

The goal of this target application was to prove the applicability of Open Data in 

business scenarios i.e. development of Mobile supply chain dashboard that provides 

comfortable user experience on mobile devices and allow the user to retrieve infor-

mation from private data sources (suppliers, orders and shipments) and interlink with 

public information (news, weather data). The goal was achieved by the development 

of the mobile supply chain dashboard, a mobile application that delivers a mobile 

friendly view of the whole supply chain that keeps decision makers informed and 

allow them to make decisions on the go. 

4.2 Applying the Piloting Methodology 

In a realistic scenario a set of tools are needed for real time access to message flow 

in a supply chain network, pre-processing and linking with external background 

knowledge and visualization in real time.  

In Phase I data sources were identified and vocabularies selected for extraction of 

order and shipment information from EDI messages and weather and news infor-

mation in RDF format [16].  

In Phase II reusable components were leveraged for automating the data pro-

cessing flow in the background. Additionally, mobile supply chain dashboard was 

developed and customized to allow easier navigation of the dashboard functionalities 

on smartphones thus enabling supply chain managers to receive notifications, gain 

insights into the state of the supply chain management, and react on the go [15]. 

In Phase III the application was tested in laboratory environment [15], see Figure 

3. 
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Fig. 3. Navigation elements: a) menu; b) supplier map view; c) supplier metrics. 

   

5 Geospatial Exploration on the Move - Tool 

5.1 Leveraging Open Data for Navigation and Exploration   

The goal of the Geospatial Exploration on the Move (GEM) application [13] was to 

provide highly customizable and information rich slippy map to the geospatial data 

consumers on the move. An example scenario of the use of GEM is as follows: end-

user (e.g. tourist, see Figure 6) searches and retrieves touristic information efficiently 

by leveraging available Open Data. The application answers specific questions, such 

as ”I am in Belgrade. Retrieve the location of sculptures by Meštrović” (Semantic 

filtering functionality); ”I am at the School of Electrical Engineering and on my way 

to Kalemegdan. Retrieve the most interesting monuments in the neighbourhood as 

well as the restaurants along with the opinions of the visitors” (Semantic routing func-

tionality);   ”I am in Metropol hotel. Display area with shops where I can buy cheap-

est cloths for my kid” (Motive-based search functionality); 

5.2 Applying the Piloting Methodology 

In Phase I data sources were identified that can be used for retrieving public data 

resources such as DBpedia, http://wiki.dbpedia.org/, and LinkedGeoData, 

http://linkedgeodata.org/ as architecture of the future GEM component was defined. 

The data is exchanged in RDF and retrieved with SPARQL queries from SPARQL 

end-points. All data format heterogeneity is hidden from the user. 
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In Phase II reusable components were selected for building the application: 

LeafletJS
4,

 a modern open-source JavaScript library for mobile-friendly interactive 

maps; Leaflet Routing Machine
5
, an easy, flexible and extensible plugin that adds 

routing to a Leaflet map; JASSA libraries and its modules [17] for querying the un-

derlying data layer; FACETE for faceted filtering, Mappify for authoring. 
In Phase III the application was tested in laboratory environment, see 

https://www.youtube.com/watch?v=PTOeY0bc6dE and Figure 4. 

 

a) Semantic filtering; 

 

b) Semantic routing;  

 

c) Motive-based search 

Fig. 4. GEM used in different scenarios. 

6 Conclusions and Lessons Learned 

In December 2011, The European Commission (EU) launched an Open Data Strategy 

for Europe, which is expected to deliver a €40 billion boost to the EU's economy each 

year
6
. Later in July 2013, the Commission put into force the Directive on the re-use of 

Public Sector Information (known as the 'PSI Directive', 2013/37/EU). This Directive 

revised the Directive 2003/98/EC and provides a common legal framework for a Eu-

ropean market for government-held data (public sector information). It focuses on the 

economic aspects of re-use of information rather than on the accessibility of infor-

mation to citizens. As enabling technology for the re-use of public data, the Commis-

sion has recognized the Linked Data paradigm. However, the economic effects of 

using Open Data for commercial purposes is not easy measurable. Open Data, even 

when freely available, is not free to use since so much time has to be spent cleaning it 

up, converting it, integrating and maintaining it. There is a marked difference in ap-

proach between government and business. One provides long term investment and 

                                                           
4 http://leafletjs.com  
5 http://www.liedman.net/leaflet-routing-machine/  
6 http://europa.eu/rapid/press-release_IP-11-1524_en.htm?locale=en  

https://www.youtube.com/watch?v=PTOeY0bc6dE
http://leafletjs.com/
http://www.liedman.net/leaflet-routing-machine/
http://europa.eu/rapid/press-release_IP-11-1524_en.htm?locale=en
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slow innovation, but the opposite is true for business, especially activists. Hence, 

many startups have appeared that foresee the opportunities of the Linked Data ap-

proach, Open Data and Big Data strategies currently supported by the European 

Commission [18]. 

In the last few years, participating in few EU projects, the PUPIN team had an op-

portunity to validate the Linked Data approach with Open Data from Serbia and 

abroad (i.e. Germany). We contributed to the development of the Linked Data Stack 

and developed several open-source tools that can be further re-used for building inno-

vative applications in government and business sector (tourism, supply-chain man-

agement), see http://linkeddata.rs/Products.  

Future work will include further development of the developed resources (Serbian 

code lists, prototype applications and interfaces to government institutions) and guide-

lines summarized in the Open Data Handbook, see   

http://linkeddata.rs/OpenDataHandbook. 
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