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Abstract

Most people are more or less related to the web by participating in a kind of social networking
site. Nowadays, Semantic Web technology is playing a crucial role in these sites as they contain
an enormous amount of data about persons, pages, events, places, corporations, etc. This research
is a Semantic Web application designed to create a new semantic social community called
Socialpedia. It links the already existing social public information to the newly public ones. This
information is linked with different pieces of information on the web to construct a new immense
data container. The resulting data container can be processed using a variety of Semantic Web
techniques to produce machine-understandable content. This content shows the promise of using
integrated data to improve Web search and Web-scale data analysis, unlike conventional search
engines or social ones. This community involves obtaining data from traditional users known as
contributors or participants, linking data from existing social networks, extracting structured data
in triples using predefined ontologies, and finally querying and inferring such data to obtain
meaningful pieces of information. Socailpedia supports all popular functionalities of social
networking websites besides the enhanced features of the Semantic Web, providing advanced
semantic search that acts as a semantic search engine.

Keywords: Ontology, OWL, RDF, R2ZRML, SPARQL, Semantic Web (SW), Semantic Search,
Social Networking Sites (SNSs)

1. Introduction

The Semantic Web, called Web 3.0 or Web of Data, “SW is not technology, it is philosophy”
[1]. It has been designed to allow for the integration of data across a variety of applications, Web
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sites and services, and software systems to ensure interoperability. It applies advanced knowledge
technologies to fill the knowledge gap between humans and machines [2]. It also enables both
users and machines to share and combine information easily and therefore allows machines to
intelligently access different data sources. Thus, it can greatly boost the computer's ability to
provide more relevant answers. This means providing knowledge in forms that computers can
readily process and reason with [3] and therefore participate in accomplishing manual tasks
automatically. The Resource Description Framework “RDF” [4] is a popular, easily accessible,
and queryable format for representing data modeled as a graph. In that role, RDF is considered the
basic pillar of constructing the Semantic Web. It is a graph data model standardized by W3C for
encoding and processing metadata and it consists of statements called triples. A collection of triples
constructs an RDF graph in which each triple represents a piece of knowledge for describing a
resource and consists of a subject (resource), predicate (property), and object (value). These triples
can be used for further processing and constructing a web of data. It is defined as a collection of
information linked in a way so that it can be easily processed by machines. It is queried by The
SPARQL Protocol and RDF Query Language “SPARQL” [5], the standard query language
specially designed to query RDF data stores. A significant advantage of this language is that we
do not need to know the way, how the data are stored in the queried source. We only need to know
what kind of entities are present in the source and what properties we can find on them. However,
that can be also retrieved by a query so we can query the source with no more knowledge than how
to connect to the endpoint. The Web Ontology Language “OWL” [6] is a recommended language,
by W3C, for modeling and expressing ontologies. An ontology defines shared terms/vocabulary
in some domain knowledge and can be expressed in formal languages that are specifically designed
for a web-based scenario and have well-defined logic-based semantics. It provides machines with
a greater ability to interpret Web content using its rich vocabulary and underlying formal semantics
of Description Logics. Description Logics (DL) [7] are logics that are designed to represent and
reason on structured knowledge. They are considered fragments of First-Order logic (FOL).
Therefore, ontologies are logical theories.

A variety of research studies have focused on strategies for crawling data from Social
Networking Sites (SNSs). Crawler agents for Facebook, Twitter, etc. are used to crawl user
profiles. Crawling data is not the best choice for collecting data from these large-scale
corporations. This may have several reasons such as complexity, scalability, the computational
resources needed, the time required for mining data, and the crawling overhead that was up to 44
terabytes in 2010 [8], so many research are based on sampling from a starting seed profile for data
analysis [9]. Moreover, Social network companies like Facebook are reluctant to share their data
for research purposes. So, they continuously upgrade their terms, conditions, and privacy policies.
This way these crawling techniques, over time, become unusable. For all these reasons, the best
choice is to integrate partially publicly available data [10] from these corporations. For this
purpose, they only provide graph API for querying user’s public data.

Accessing and utilizing enterprise or Web data that is scattered across multiple extremely
heterogeneous data sources is an important task for both applications and users. Many of these
data sources are very dynamic since a large amount of the newly collected data is continuously
available on the Web [11, 12]. The main emphasis here, however, is on the integration of the data
and subsequent processes rather than on how the data are collected. This motivates the authors to
construct a new open privacy community, called Socialpedia, which acts as a central interlinking
hub to all user data on the web. The idea is based on integrating multiple existing social media
data with new user data to construct one large social data community. Exploiting the Semantic
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Web technologies, this community will be helpful for information searching, job seeking,
consistency checking, inferencing, and running more complicated queries unlike traditional search
engines or social ones.

The remaining of this paper is structured into five sections: Section 2 presents a summary of
the most related work. Section 3 describes the methodology used to conduct this work. Section 4
discusses the experiments of the proposed method. The most important results are summarized in
Section 55. Lastly, Section 6 summarizes this work and addresses some future extensions of it.

2. Related Work

The transformation process of the relational database “RDB” schema and data into OWL and
RDF respectively are called RDB2RDF. Over the past few years, several RDB2RDF tools have
been developed for this mapping process [13, 14]. Also, some methods for ontology scheme
representation have been created [15-22]. Currently, there are two possible approaches (and both
of them are published as a W3C Recommendation).

The Direct Mapping approach [23] is a simple transformation of the relational database to the
RDF (so it creates the RDF resources according to the table names, their columns, and other
information like primary keys, foreign keys, etc.). The approaches [15, 21] proposed an automatic
mapping where the relational database schema is directly mapped into ontology “represented in
RDF(S)-OWL” and the data into instances “represented in RDF triples” based on the structure of
the database schema. While in approach [20], allows easy creation of a database to ontology
involving basic one-to-one correspondence between ontology and database schema mappings in a
compact notation. It also translates the resulted mappings into executable D2RQ mapping to create
a SPARQL endpoint over the conceptual data from the database. The survey [24] showed a set of
approaches to convert the implicit RDB schema into explicit semantics in form of ontology and
the data into RDF triples.

The other approach is more complex than direct mapping, called R2ZRML [25] mapping. It is
using a mapping definition (typically in the form of a turtle [26] RDF syntax file) that is manually
created and that defines the exact way how to map the relational data into the RDF form. Some
early tools have been developed such as Triplify [27], D2R Server [28], ODEMapster [29], and
OpenLink Virtuoso [30]. These tools enable experts to create the mapping between RDB content
and RDF based on a target ontology. The survey [24] revealed that these tools adopt a proprietary
mapping language. Also, Some R2RML-based tools were developed such as DB2Triples [31] for
both DM and R2RML implemented in java, Morph-RDB [32] is a java and scala implementation
for R2RML, Oracle Database 19¢ [33] is a commercial tool that supports graph analytics to enable
data storage, access, and analysis in an Oracle database and supports both DM and R2RML
mapping, RDF-RDB2RDF [34] is an open-source library implemented in Perl, Virtuoso RDF
Views [30] is an open-source and commercial Web interface that supports R2RML only,
XSPARQL [35] is a command-line tool implemented in java with R2RML supports, Ultrawrap
[36, 37]. It is a commercial tool that supports DM, R2RML, and D2RQ mapping. The
implementation report of these DM and R2RML tools is shown in [38] and their compliance test
cases are shown in [39]. Recently, many platforms developed to deal with Semantic Web-linked
data to facilitate the query process for non-expert users. The authors in [40] developed software to
facilitate and automate the process of creating the mapping file. Their tool enables experts and
semi-experts to create and edit the mappings using GUI wizards. This reduces the errors and
validates the resulting mapping.
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SQL and SPARQL are similar since they offer to users the possibility of accessing, creating,
combining, and consuming structured data. The direct comparison between them is rather difficult
[41]. The relational tables in databases are queried using SQL, while the semantic data triples
(subject, predicate, and object) in RDF stores are queried using SPARQL. Although Triple Stores
are a better fit than RDBMS, the latter is wider spread and usually contains more data. Triple
Stores and SPARQL are built to handle undetermined and varying or growing data representations.
In contrast, RDBS and SQL require a well-designed and complete database layout. Varying or
additional relations that require subsequent changes to the database layout are costly. Furthermore,
SPARQL naturally interacts better with ontologies than SQL, since the graph-based topology of
ontologies is similar to the data representation of many Triple Stores. The mapping of SQL queries
to SPARQL queries and vice versa becomes a relevant need. Several research works have been
recently developed regarding this transformation. The authors in [42] proposed an approach to
interrogate RDF data using SQL queries. They developed an algorithm that translates both simple
and complex queries (without join) into their equivalent SPARQL ones. Soussi and Bahaj [43]
suggested an efficient algorithm to convert SQL queries containing Left/Right Outer Join
command(s) (simple and nested form) to their semantically equivalent SPARQL ones with
Optional pattern(s) (simple and nested). Their proposed algorithm is beneficial for those working
with relational data and aiming to interact with semantic databases without migration of their
system and training their users in the semantic technologies new for them. Besides, this algorithm
is beneficial in terms of complexity and query execution time as it replaces the heavy and costly
SQL joins with SPARQL Optional clauses. The Ontop [44, 45] system was designed to query data
stored in RDBs, with the vocabularies of the data and OWL2QL ontologies. The authors of [46]
developed a SPARQL query processing engine called Quest, the core of the Ontop, to convert the
SPARQL queries against RDF graph and ontology into SQL queries against RDB. The ontop
system provides a fast conversion from SPARQL to SQL [47] typically (4-15ms) and efficient
optimization of SQL queries. It can run 44k queries per hour over 200 million triples. The authors
of [48] implemented a procedure to answer SPARQL queries under the OWL2QL semantics where
the data are stored in RDB with schema connected to OWL2QL ontology using R2RML. The
authors of [49] proposed an efficient approach to generate SQL queries from SPARQL queries
based on combining the logic programming optimization techniques with the SQL optimization
fields. This approach provides a specification of the SPARQL semantics used for the translation
process and supports RZRML mapping over RDB schemas.

Concerning social networks, many studies were conducted to analyze, extract, link, and
convert their data into useful data models. The Friend of a Friend “FOAF” [50] is a widely accepted
Semantic Web standard used to represent social networks. Many large Social Networking Sites
“SNSs” use it to produce Semantic Web profiles for their users. It is a predefined dictionary that
has a set of terms/vocabulary used as an ontology to describe people and the things they do. It is
written in RDF/OWL and designed to be reusable alongside other ontologies to describe people,
groups, companies, etc. It defines classes and their properties as well as the relationships between
them. It utilizes several features of OWL so interesting inferences can be done. Using FOAF
semantics and other Semantic Web techniques, a significant percentage of user profiles across
multiple online social networks can be integrated [51]. And using reasoning to merge a large set
of data instances, distributed among many independent websites, and to find the relationships
between these data. Their study is only applied to social networks that represent their user profiles
in FOAF.
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There are many techniques designed to extract social information on the web. These
techniques include parsers, scrapers, and APIs to access network data. Flink [52] is a system that
uses some of these approaches and others to extract, analyze (including merging), and visualize
social networks on the web. The scope of this work is to look only at APIs to aggregate user's
public profiles from various social networks. Jie et al. [53] developed the Arnetminer system, a
semantic-based social network, to extract researcher’s profiles from the Web and disambiguate
those having the same name. It extracts the researcher’s basic, contact, and educational information
and integrates his publication information from DBLP which helps in expert searching. This
method used the tagging basis to collect the researcher’s data from the Web. This system used a
classifier based on the tagging basis to collect the researcher's data from the relevant Web pages.

3. Methodology

A lot of new technologies are used to handle data storage using non-relational databases.
Although large corporations like (Facebook, Twitter, Google, etc.) started using them, most
companies are still storing their data in RDBMSs. The majority of web information is currently
stored in relational databases since they were dominant for the past several decades due to their
simplicity and performance in managing data. We start building the user interface of our
application, Socialpedia, to allow users to easily interact with it. The application is designed to
allow the user to partially register some of his information. Later, one can add more information
as desired. The proposed application is built upon four main phases:

1) Integration and Storage Phase: In this phase, allow users to link their social profiles with
various social media data sources like Facebook, Twitter, Linked-in, etc. They optionally
choose which social media data sources to link with. When they choose to link to one source,
they are redirected to the authentication page. This tells the source that the Socialpedia
application wants to get access to some information. The user needs to grant access to get his
access token. Using the access token and the source API, Socialpedia could get the user’s
public information from these sources and store them in the database. The most relevant
attributes in these sources include, but are not limited to, id, email, telephone, first name, last
name, date of birth, city, location, country, work, education, relationship, religion, about,
gender, etc. This process is reversible, meaning that the user can unlink his profile and all data
relating to that profile are logically deleted. The architecture of this phase can be seen in
Figure 1.

I Existing Linkin Relational
- Social Media g Database

Figure 1. Storage and integration phase.
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2)

3)

Custom Mapping Phase: the main purpose of this phase, shown in Figure 2, is to generate a
mapping document that is later provided as an input for a dumping engine or any other
R2RML processor to produce an RDF triples graph. This process uses the relational database
tables that contain the previously linked attributes and a set of predefined ontologies such as
FOAF, vCard, etc. The output is an R2RML document that contains the mapping graph, which
IS a representation of the RZRML mapping written in the Turtle RDF recommended syntax
(.ttl), and it is used to describe the relationship between the relational database and ontology.

Target Ontology
(Foaf, etc.)

Figure 2. Custom mapping phase

Dumping Phase: this phase includes the conversion of data into semantically structured data
(triples) using the R2ZRML mapping document from phase 2, the system database, and a
selected output format (.ng in this case). We implemented a dumper engine, shown in Figure
3, to take this information as an input and produce the RDF graph document. The dumping
process can be accomplished using one of the following three approaches:

I. Persistent Automated Approach (change-based flow): on every small change in the
database, create a large dump of RDF data and load it into memory to create a SPARQL
endpoint over an RDF dataset based on a predefined ontology, R2ZRML document, in this
case, thus allows the user to run SPARQL queries against the up-to-date dump at any time.
The main drawback of this approach is resource-wasting results from server
workflow/bottleneck as the database is continuously changing by the users and the dump
data storage size that is continuously increased each time a new data is inserted.

Il. Persistent Scheduled Approach (schedule-based flow): this approach is based on
scheduling the dump process with a specified task that runs according to a scheduled time,
e.g. every certain period of day (s) at a specified time. This can utilize the server resources
instead of the continuous dump process. The main drawback here is that the dump is not
always up-to-data for the user to run SPARQL queries and the dump data storage size is
still a problem.

I11. Just-in-Time or Instant Approach (query-time-based flow): this approach is based on
creating a virtual SPARQL endpoint without dumping any RDF data. This endpoint has a
predefined ontology, the RZRML document is this case, which specifies how to represent
the relational data. Every SPARQL query is converted into a SQL query, executed against
the database and the result is converted back to the expected SPARQL query result. This
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approach is a little time-consuming due to the conversion process of queries, but there is
no need to dump all data from the RDBs or even storing any RDF data and also could
utilize the efficient query optimization services of the SQL engine.

Each approach has its features and drawbacks, choosing the right approach is beyond the
scope of this work. The second approach is used in this paper as the user’s public data are not
instantly changed.

Relational Database

RZRML Document Dumper

Output Format
ety RDF Graph

Figure 3. Dumping phase

4) Retrieval/query phase: as the application data increase, the resulting RDF graph is going very
large. So, we also developed a splitter engine to split the resulting RDF graph from phase 3
into smaller RDF graphs suitable to be updated to the Virtuoso server. This server has a
SPARQL endpoint and a faceted RDF browser that the user can use to query the RDF data.
The architecture of this phase can be seen in Figure 4.
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Figure 4. Retrieval and query phase



Fusion: Practice and Applications (FPA) V70l 3, No. 2, PP. 54-65, 2021

4. Experiments

The C# 4.5 (currently the newest version of the major language for the .NET Framework) is
selected as the programming language of the proposed system. It is a modern language that enables
using of various paradigms - imperative, declarative, generic, object-oriented, and event-driven
programming. Third-party libraries are used to work with the RDF data. That means the
dotNetRDF library for working with RDF and SPARQL. And the r2rml4net library for loading
the mapping file. These two are the major libraries for their purposes on the .NET platform. As a
relational database, MSSQL 2016 is chosen as a standard database used in .NET applications. To
create a web application that will host the SPARQL endpoint we have chosen the ASP.NET MVC
5. That is a standard approach when building .NET web applications. The performance is tested
on a Windows 8 64-bit laptop having 8GB of RAM and a 1.8GHz Intel Core i7-4500u CPU.

The dump process could be accomplished either manually by the author or automatically by
scheduling it according to a pre-specified time. To automate the process, a windows service could
be used to dumb the database according to a predefined RZRML document.

For the test purpose, the splitter engine is tested against an instance file containing 3,854,286
triples and with a 512 MB file size. It took a few seconds (typically 3 - 5s) and resulted in 65 files,
64 of them have 60000 triples and the remaining one has 14286 triples. These files are updated to
the virtuoso server. The result is considered a graph G = (V, E) where V represents a finite set of
vertices and E represents a finite set of edges such that E S V x V.

suhjecr || predicate object
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Figure 5. Sample of RDF triples

Figure 5 displays a sample of the RDF triples graph generated using the custom mapping
document, split using the splitter, and updated to the Virtuoso server. The triples are formed using
subject, predicate, and object maps. By default, all RDF triples are placed in the default dataset
graph.

5. Results and Discussion

Using the faceted browser's search and find service found in the OpenLink Virtuoso server,
one can make text search, entity label lookup, or entity URI lookup. Some users would prefer to
use the SPARQL endpoint to write SPARQL queries on their own. It is considered a query
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language with the capability to search graph patterns shown in Figure 6. These queries are executed
against RDF graphs. It extracts information in the form of URISs, plain text, blank nodes, and typed
literals. It can also extract RDF subgraphs and build new RDF graphs using information from the
queried graphs. The (subject, p, 0) is a pattern for what we are looking for with p and o as

“unknowns”.
p
« p
\
Figure 6. Graph pattern representation
Table 1 shows some sample queries that can be run against the RDF graph. The query results
can be returned in many formats such as XML, JSON, RDF, or HTML. Each query results in a set

of returned values, so only a snippet is included in the table.

Table 1. SPARQL queries, their meaning, and result snippets

Query Meaning Result snippet
SELECT ?name ?email Find the names
WHERE { and emails of all
?person foaf:name ?name . the people that :
?person foaf:mbox ?email . have names, — “dwlcper:ﬁwm
?person v:workAdr "Zagazig". | email addresses, e e Do e gt B
} and work at
Zagazig
University.
SELECT ?name ?title ?bio Find the name,
WHERE { title, and bio of
?person foaf:name ?name. all people who
?person v:workAdr “"Zagazig”. | work in Zagazig
?person sp:interests ?i. university and _ name | dde | bo
. R . R shmed daoud Teaching assitant”|["TA at it department
?person v:title ?title. interested in “knalid hosny"|[Professor” Sprofessor st It department”
?person sp:bio ?bio. programming.

FILTER(bif:contains(?i,
"programming")) .

}

The proposed approach results in merging profiles of the same person from multiple social
networking websites and creating a large, unified social network from sub-networks that evolved
independently. This approach could be linked, using extraction methods or APIs, to the online
databases from other academic social networks such as IEEE Explore, DBLP, ACM DL, etc. [54].
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Also, it could utilize the approaches used for natural language interpretation to convert natural
language queries into efficient SPARQL queries [55]. The conversion process is based on ontology
and uses SKIN rules and SKOS lexicon.

6. Conclusions

In this paper, a new semantic social network application, called Socialpedia, is proposed. It
acts as a central interlinking hub to all user data on the web. It integrates multiple existing social
media data with new user data to construct one large social data community. This application is
helpful for information searching, job seeking, consistency checking, inferencing, and running
more complicated queries unlike traditional search engines or social ones. This community scale
could be extended to include linking to scientific web resources or any other resources to construct
a titanic data container acting as an interlinking hub for all contributor’s data on the web. Once
done, the application provides a REST API to help other applications consume the resulted records
using an OAuth 2.0 authentication protocol and supporting data exchange in XML/JSON format.
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