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Abstract—Enterprise systems, such as Enterprise Resource
Planning systems, usually keep their data isolated and not
readily available to the other systems. When an enterprise
system needs to open data for external usage, it is usually
done using interface tables, Web services, or some kind of
data exports. These approaches require both the source
system, which provides data, and the destination system,
which consumes data, to implement additional routines in
order to support data sharing. Our approach uses linked
data networks and introduces ontologies as a means to
define standard data structures that enterprise systems can
use to expose their data. This way, the exposed data,
supported by auxiliary tools, can be referenced, read or
updated from various systems in a common and unified way
by collaboration systems. Our approach allows this data to
become a part of much bigger linked data network.

L INTRODUCTION

Today's industry approaches to data sharing require
significant, additional work for every new situation where
source and destination systems need to interface.
Enterprise systems, such as Enterprise Resource Planning
(ERP) systems, usually keep their data isolated and not
available to the other systems. Of course, this is an
understandable decision that follows from the concerns for
privacy and security. Typically, then, when an enterprise
system needs to open data for external usage, it is done
using interface tables, Web services or some other kind of
data export mechanism. These approaches require both the
source system, which provides data, and the destination
system, which consumes data, to implement additional
routines in order to support data sharing. By data sharing
we mean disclosure of data from the source system and
access of data by the destination system. Mainly, we are
focusing on data sharing between business systems, such
as ERP systems, because these types of systems are
traditionally treated as isolated systems.

These industry approaches towards data sharing are
essentially designed and implemented without taking into
account longer-term or broader collaboration needs of the
enterprise at the application domain level. Sharing data
between two or more systems mostly relies on software
components (services) that provide data using one of most
common formats, such as XML! JSON2, CSV3, and so
on. Rarely, data sharing is provided via database or some
kind of persistent format like files via FTP* or similar.
Step forward in data sharing are data exchange standards

! http://www.w3.0rg/TR/REC-xml/

2 http://www.json.org/
3 Comma Separated Value

4 File Transfer Protocol

(e.g. EDI, RosettaNet, ebXML), which provide guidance
how exchange message should look like. The fact is that
today we don't have precise rules or guidance that one
system should follow when sharing data. Sharing solution
always depends on a specific circumstance, programming
language, protocols or data to be shared.

Yet, the result of such ad hoc approaches is a
significant cost of data sharing and data redundancy
incurred over the life-time of the enterprise. This is
manifested by significant, incremental costs of these ad
hoc integrations. We observe that the biggest effort and
high costs, related to data sharing, exist because every
single system needs to convert and store data in their
local data structure. Even data that are natively occurring
in external systems need to be converted and persisted in
a local data structure because systems are usually
designed to work only with their local data. There is
always the need for extra effort to convert data in the
sense of their structure, data types, constraints, etc.
Beside the costs, these conversions are also generators of
data redundancy, as we are forced to store same data in
two or more different structures. As number of integrated
systems grows, redundancy grows, too.

Ontology-based approaches to data sharing have been
explored extensively in the past decade with promising
results. Researchers have investigated use of ontologies as
standard application domain data structures that enterprise
systems may use to expose their data [4, 6, 7]. Results of
the research suggest that ontologies may be used as very
good base-line for data-centric systems which will have
good outcomes (i.e., less effort to integrate, lower costs,
less redundancy) in terms of data sharing. The on-going
hypothesis is that if we build data-centric systems that rely
on ontologies, that can be easily accessed, referenced or
manipulated, it can lead us to very clear guidance how to
build systems that are not closed and isolated and make
their data accessible by a wider range of the applications.

We subscribe to this general hypothesis and are
interested in identifying specific advantages of the
ontology-based approaches. Namely, by using ontologies,
we expect the exposed data, supported by auxiliary tools,
can be referenced, read or updated from various systems
in a common and unified way. In addition, we expect this
would lead to high-quality, and cost-effective data sharing
approaches, while addressing many shortcomings of
traditional data sharing approaches. We propose an
approach that will minimise needs to transform and store
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data redundantly in local data structures. We propose data-
centric systems where data will be published on the
internet (we do not consider security issues and other kind
of authorisations) and referenced from various systems
that use the data, without a need to store them in local data
structures.

Research in ontology-based approaches to develop
effective tools that will demonstrably cut down the cost of
data sharing is continuing. Of special interest are efforts
that use linked data networks [6, 7]. In this paper, we
review relevant work in the linked data networks research
for data sharing, which uses ontologies and provide
additional methods and tools to address cost issues in data
sharing of enterprise systems.

The paper is structured as follows. First, we present
related work focusing on data sharing using ontologies.
We continue with a case study that provides a basis for our
analysis of requirements for data sharing. Specifically, we
analyze the existing research approaches to data sharing,
as applied to the case study, and identify their
shortcomings as the opportunities for advancement. Then,
we describe the proposed linked data network approach to
ontology-based data sharing by addressing the case study
example problem. Specifically, we analyze the potential of
the approach by addressing the identified shortcomings of
the existing data sharing approaches. At the end we
conclude with a short discussion of the findings and the
future work.

IL. RELATED WORK

Data sharing in heterogeneous environments continues
to be explored by many researchers and various
approaches have been analysed and published over the
years. As analysed in [12], two main research directions
addressing data sharing and data integration are: (1) peer-
to-peer approach [1, 8] and (2) global mediation schema
approach [2] (often called referent ontology in semantic
based approaches [9]). Peer-to-peer approach is relying on
many-to-many mappings and transformations where every
subject in data sharing process has relation with each
other. Global mediation approach is based on a globally
defined common schema and a set of rules to transform
data structure from a local to a global model. Most of the
proposed approaches are trying to solve how to transform
data owned by one system to be consumable by another
system. We rather want not to store and transform data
structure to a local system, but just to reference and use
the data straight from their native system.

As observed in [1], an approach with a global mediator
schema has a bottleneck mainly because mediation
schema must be done carefully and globally while local
systems can change significantly, which can violate the
mappings to the mediated schema. Another drawback is
that changes to global schema may be effected only by a
central administrator. Usually, this is a slow and tedious
process. This is one of the main reasons why many of the
global standards that try to capture all domain variations
have failed. To avoid this problem, the authors in [1]
propose peer-to-peer architecture called peer data
management system (PDMS). The authors emphasise
peer-to-peer approach, but not excluding possibility to use
global mediation schema as a regular node in peer-to-peer
communication, which is also valid for our work. This
approach is more focused on writing global queries
(global as view) and applying them to local data structure
(local as view). Our approach respects peer-to-peer
connection too, but differently from [1], we are more
focused on not transforming data on the database level,
but more on linking data without necessary mappings and
transformation.

Frischmuth and collaborators in [2] have investigated
complex data integration of integrated systems such as
ERP, CRM or SCM. The authors observe that existing
SOA architecture may be well-suited for transaction
processing, but not for enterprise data integration. They
point at Linked Data principles to constitute a promising
approach. The authors have identified six crucial areas
where data integration challenges arise. One of the areas
is Database Integration where the authors also identify
that heterogeneous sources require a costly
transformation of the data into the relational model. The
authors are more focusing their research on federated
queries and how Linked Data approach can help to query
various data sources using SPARQL [10]. They
emphasise that different sources can be integrated in one
logical system which is one of the goals of our approach
(building common semantic data layer). Also, the authors
are not focusing their research on how data from different
systems are linked, but more on how to query data from
different sources. In [5], authors are investigating
ontology usage in data sharing process, but their work is
focused on data sharing specifically for social networks.
In [11], a data sharing approach in context of Internet of
Things is described with architectural solution called
Structural Service. This approach is not data-centric, but
more service-centric. We want to focus our research on
how data should be referenced and shared among
different applications.

I11. CASE STUDY

In this paper, we describe common problems that exist
in a data sharing process between systems which are
traditionally treated as closed.

Analysing business applications, we observe that
integration problems are tidily connected to data
manipulation and transformation from one to another data
structure. We can consider a simple example with three
parties (e.g, manufacturer (X), distributer (Y), and seller
(Z)) sharing data about new product made by the
manufacturer. Suppose all of them have closed systems
with public API’s used for integration. We analyse process
in peer-to-peer collaboration manner as well as global
mediation schema manner. We do not consider details
about type of messages that float among the systems nor
the used protocols; we are focused on steps that have to
happen in the data sharing process.

A. Peer-2-peer approach case study

In Fig. 1, we display typical data flow when three
parties collaborate in a data sharing process when peer-to-
peer approach is applied.

We simplify necessary communication steps and
summarise them in Tab. 1. We summarise just
communication between X and Y, but same process
repeats between Y and Z and so on.

Let’s analyse key points in this approach. We use ‘Q’ to
represent a ‘Question’ and ‘A’ to represent a possible
‘Answer’.

Step 1: To be able to communicate with Y, system that

Product A as JSON from X Product A as XML from Y
E
Company X Cfmlpany Y ’—D{ Company Z
== 4 = e I

Fig. 1. Peer-to-peer data sharing process

belongs to Company X must implement data structuring
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Tab 1. Common steps in data sharing process - peer-to-peer approach

Step Step description

—_

X: prepare data in format that belongs to Y

[\S)

X:send datato Y

w

Y: transform data (use mappings)

4 | Y: store data in local database

routines specific to Y (e.g, service calls to Y). It means
that X must structure data in a format expected by Y.

QI1: What will happen when X wants to communicate
with another company, e.g. W?

Al: X must implement routines to call W API as well.

As number of integrated systems grows, number of

different implementations grows, too.

02: X will send exactly data supported by Y, not
worrying about further processing needs. What if data
that exists in X are needed by Z, but not communicated
between X and Y, because Y does not need them?

A2: Z must implement routines to call X in order to get
the needed data.

Step 2: To be able to send data, system X must be
aware of connection details of system Y.

Q1I: What if connection fails for any reason?

Al: It is system X5 responsibility to handle failures
even if they belong to other systems.

Q2: What if Y decides to change their API or message
format?

A2: X (and all other systems) must re-implement their
routines.

Step 3: To be able to use data sent by X, Y must handle
data mappings between external system and their internal
representation’.

Q1I: What if another system wants to send data to Y?

Al: Y must implement mappings for new system as
well.

Q2: What if X decides to change their data or add new
ones?

A2: Y must re-implement existing mappings with X or
add new mappings for new data.

Step 4: To be able to use data sent by X, Y must store it
in a local database after applied transformation.

Q1: Do we have redundancy here?

Al: Yes. Two systems keep same data in two different
data structures. As the number of systems grows,
redundancy grows, too.

B. Global mediation schema approach case study

Fig.2 represents typical data sharing process when
global mediation schema approach is in place. We will not
discuss details of this system because there are various
approaches how it can be implemented [2, 9]; for our
purpose we will just call it Global Mediation System
(GMS).

Please note in Fig. 2 steps (3) and (5) are usually done
by transformation engine (also called reconciliation
engine [13, 14]) which is usually a globally defined tool

y

Global mediation schema of Product

in accordance with

in accordance with

Product A as JSON from X Product A as XML from Y Product A as CSV from Z

Product A as global mediation schema instance Product A as global mediation schema instanc

Company Y G 2

Fig. 2. Global mediation sc-hema sharing process

that simplifies mappings and transformation process. For
the simplicity of analysis, Fig. 2 is missing global services
which should be used to support communication between
GMS and local systems.

In Tab. 2, we list simplified steps that occur in data
sharing process when a global mediation schema approach
is in place. We suppose all preparation steps are already
implemented (like mappings, transformation rules, etc.).
Steps 2, 4 and 6, are mostly related to data transfer and
protocols and they will be skipped in Tab. 2. System
behaviour in these steps is almost same as one we already
discussed as Step 2 in Tab.1. Step 7 is same as Step 4 from
Tab. 1.

Tab 2. Steps in data sharing process - global mediation schema

Step Step description

1 | X: prepare data in format acceptable by reconciliation
engine (3)

3 | (3): transform data (use mappings to map codes between X
and global mediation schema). Also, use transformation
rules to transform from X instance to global mediation
schema instance.

5 | Reconciliation engine (5) transforms global mediation
schema instance to local one

Discussion of steps from Tab. 2 in a question-answer
form is giving next.

Step 1: To be able to collaborate using a global
mediation schema approach, one has to define local data
structure which will be able to map on a global mediation
schema.

Q1: What if system X needs to share attribute or
structure with system Y which is not supported by global
mediation schema?

Al: X and Y have to: (1) wait until global mediation
schema supports this and then implement reconciliation
on their side, which is time consuming, (2) use flexible
fields® wusually provided by global schema, which
introduces complexity in the communication and is out of
standard; and (3) implement separate peer-to-peer
communication, which is not in sync with GMS nature.

Step 3: To be able to transform data from local data
structure to one which is in accordance with global
mediation schema, reconciliation engine must take in
account mappings related to data structure as well as to
data itself.

Q1: What happens when new data appear in local
system X, like new product has been inserted in database
that belongs to system X?

Al: Additional data mappings must be defined between

system X and GMS. Further, additional mappings
between GMS and other local systems must occur as well.

5 Transformation and mappings can be done on side of X as well, but it does not affect our process analyses in a meaningful way.
6 e.g. http://docs.oracle.com/cd/E28271 01/fusionapps.1111/e15524/flex_gs.htm
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Step 5: To be able to transform data from global
mediation schema instance to local system Y,
reconciliation engine must take in account mappings
related to data structure as well as do data itself.

Questions and answers for discussion here are same as
ones we have in Step 3.

C. Requirements for data sharing approach

As a follow up to the presented discussion related to
existing peer-to-peer and global mediation schema
approaches for data sharing, we have extracted key
requirements that a new approach should ideally satisfy
in order to improve data sharing mechanism and
techniques. These advancements will lead us towards a
common and unified way for data sharing among
heterogeneous systems.

Tab. 3 gathers requirements that should be crucial for
achieving better data sharing approach, compared to the
existing ones. As reference nomenclature, we use T (as
reference for tables), S (as reference for steps) and Q (as
reference for questions).

V. ONTOLOGY BASED DATA SHARING APPROACH

In order to satisfy requirements from Tab. 3, we
propose a new approach that uses ontologies to expose
data that will be shared. We base our approach on an
assumption that once published, data on the network
become persistently accessible for various applications at
any time, which makes data sharing process easier. From
our standpoint, data sharing means publishing data on the
network. Differently from traditional approaches that
usually rely on public API’s or other kind of application
layers that hide data, we propose data centric approach,
which means direct data-to-data connectivity. Nowadays
we have a number of tools” and approaches [15] that
provide possibility to have data publicly available. Wider
list of existing tools can be found in [6]. Usually, places
that hold any kind of data are called repositories. If a
repository holds ontologies, then it is called ontology
repository®. In this paper, we will not deeply analyse
ontology repositories, but as shown in Fig. 3, ontology
repository is an essential part of our approach. The
purpose of the ontology repository is to host and
manipulate published data. Repository must have at least
two major characteristics: (1) ontology storage and (2)
management system which will manage hosted
ontologies. It is comparable to database approaches, where
we have data files and system to manipulate the data (e.g.
RDMS). However, in our approach, data files are actually
ontologies and management system is administration part
of the repository (Repository manager in Fig. 3).
Repository manager can have different implementations,
but it can be very generic which means a standard set of
functions can be supported, like CRUD operations. In our
examples below we will assume our Repository manager
has public API (e.g. REST Web services?) that can be
externally called in order to manipulate ontology data
(e.g., POST service call http://www.companyX.rs/create
will append provided class instance to appropriate
ontology). In accordance with Fig. 3, first step in data
sharing process is data publishing (Step 1 in Tab. 4). Data
publishing is process where source system permanently
publishes appropriate data to the ontology repository. We
do not consider in details the way how system can provide
or transform data to the ontology format, as a number of
approaches on this topic have been published [16].

7 E.g. http://www.stardog.com, www.ontotext.com.
8 E.g. http:/dbpedia.org, http://vocab.deri.ie,
9 It can be also implemented as messaging system (E.g. JMS)

Tab 3. Requirements for ontology data sharing approach

No Requirement Source

1 | Integrating a new system in
data sharing process must be
easy and with minimal effort.

T1/S1/Q1, T2/S1/Q1

2 | Source system has to be T1/S2/Q2
independent of destination
system API’s or other specifics
and vice versa.

3 | Data loss must be avoided. T1/S1/Q2

4 | Once shared data must be
permanently available to all
subjects in integration process
(according to their rights).

T1/81/Q1, T2/S1/Q1

5 | Itis source system
responsibility to publish data -
destination system is
responsible to pick up data
and handle exceptions if any.

T1/S2/Q1

6 | Destination system is
responsible to implement all
mappings and transformations.

T1/S3/Q1

7 | If source system decide to T1/S3/Q2, T2/S3/Q1, T2/S5/
change data structure or data it QI

self, it must not block data

sharing process.

8 | Data sharing process must T1/S4/Q1
generate minimal data
redundancy.

9 | If two systems are part of T2/S1/Q1

wider integration process,
their peer-2-peer data sharing
process should not be blocked.

Research review on this topic can be found in [17].
Published data will get their identifier URI [3], which can
be used by any system or application to access or
reference this data. If we have permanently published
data, we will satisfy requirement No. 4. from Tab. 3. In the
text below we will use segments of an example ontology

Fig. 3. Ontology based data sharing process
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in order to demonstrate data sharing process displayed in
Fig. 3.
<IENTITY example "http://www.companyX.rs/example#" >

<owl:NamedIndividual rdf:about="&example;A">
<rdf:type rdfiresource="&example;Product"/>
<code>PC-A</code>
<name>Product Name A</name>
</owl:NamedIndividual>

Assuming presented ontology is published (Step 1, Tab
4) and it is hosted and managed by ontology repository
available at the address: www.companyX.rs the URI for
Product instance named ‘A’ will be: http://
www.companyX.rs/example#A.

Step 2 from Tab. 4 actually means data sharing between
Company X and Company Y. Creating data in the
Ontology Repositories means data are shared. In our
demonstration example, as already explained, Repository
manager of Company Y will have a POST service call on
URL: http://www.companyY.rs/create that accepts JSON
as payload arguments. It means that a system from
Company X can create document directly in the Ontology
Repository of Company Y. For demonstration purposes we
transform OWL ontology to JSON. There exist a number
of different tools that can automate this process!'?.

{“targetOntology": "http://www.compY.rs/example",

"data": {"owl: NamedIndividual": [{

"-rdf: about": "http://www.compY.rs/example#transportForm-123",

"rdf: type": {"-rdf: resource": “http://www.compY.rs/
example#TransportForm"} },
{ "-rdf: about": “http://www.compY.rs/example#item-1",
"rdf: type": {

"-rdf: resource": “http://www.compY.rs/example#Docltem"},
"productReference”: “http://www.companyX.rs/example#A4",
"quantity": {
"-rdf: datatype": “http://www.w3.0rg/2001/
XMLSchema#integer", "#text": “1099”}}1} }
Ontology fragment displayed above has elements that
deserve to be explained:

targetOntology - since service call belongs to
Repository Manager which is a generic one and handles
different ontologies it is important to explicitly quote
which ontology will be affected.

data - data that has to be inserted. In our example it is
OWL code fragment converted to JSON. Repository
Manager is responsible to convert it back to OWL and
append it to the target the ontology.

productReference - demonstrates possibility to have
data from one system (#transportForm-123 #item-1) that
directly reference data that belongs to another system
(#A)". This will minimise data redundancy which will
satisfy requirement No. 8 from Tab. 3. Further, if
Company X decides to change #Product (which is #A
instance of), it will not affect Company Y in the sense of
braking their communication channel. Company Y will
still be able to accept any instance of #Product since they
share only references'?. This fact is in accordance with
requirement No. 7 from Tab. 3.

As demonstrated in the example Company X (source
system) is responsible to publish data and Company Y
(destination system) is responsible to accept data at any
time when it is decided by Company Y. It is in accordance
with requirement No. 5. from Tab. 3.With this approach
and Ontology Repositories in place source system is not
dependent on destination system and their specifics. This
is in line with requirement No. 2 from Tab. 3. This

10 E.g. http://www.utilities-online.info/xmltojson
11'On Fig. 3. it is displayed as dotted arrow from Y towards X

Tab. 4 Data sharing steps in ontology based approach

Step Step description

—

X: publish data to ontology repository

2 | X prepares and send instance of the document that belongs
to Y calling Repository Manager of Y

3 | Y has been notified that published ontology is changed by
external system (created now instance of #TransporForm
document with reference to external product #A)

4 | Store data in local database

requirement is not fully supported since all systems have
to agree to use Ontology Repositories as a data sharing
layer in their communication.

Step 3 from Tab. 4 emphasises needs for two-fold
communication between local system and Repository
Manager. Repository Manager must notify local system
about any change that happened in ontology. Also, any
change that has happened inside the system has to be
extended to Repository Manager in order to keep
ontologies in sync with the system. It is the local system’s
responsibility to implement communication between the
system and Repository Manager as well as all mappings
and transformations that can happen. This is in accordance
with requirement No. 6 from Tab. 3.

Step 4 from Tab. 4 is a common step where the local
system stores data in a local database. It depends on the
local system how it will be done, but we propose that all
data that comes from external source should have minimal
data redundantly saved in local database. As an example,
in Tab. 5, we present how database table (one that keeps
data about products) from Company Y should look like.

In short, table should have ‘id’ as primary key, URI of
the record (belongs to ontology where it is published) and
other import columns (like ‘name’). Table might have
fields like ‘type’ that can mark record as internal (I) or
external (E) which can help local system to understand
how to handle particular record. As shown in Tab. 5,
record that comes from external source should have just
minimal data stored (e.g., there is no value for ‘name’
column). If attribute of the record that comes from
external source has to be displayed or used somewhere
(e.g. on user interface) it is responsibility of local system
to communicate with Repository Manager which will
provide needed data using URI.

In our example, if Y needs to share product data to Z it
will be again just reference to product that originally
comes from system X. There is no possibility to loose data
about product side system of Company Z will have direct
access to the shared product reference. This will satisfy

Tab. 5. Example database table that collect external and internal data

id ' name | URI type
1 | Prod1 | hitp://www.companyY.rs/example#prod1 | |

2 http://www.companyX.rs/example#A E

requirement No. 3 from Tab. 4. Introducing new system to
the data sharing process will mean installing another
Repository Manager. Of course, new system will need to

12 1t might affect system of the Company Y on some other area (e.g. user interface)
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implement communication between Repository Manager
and local system. This partially satisfies requirement No. 1
form Tab. 4. Communication between any two systems
can be easily extended just introducing new ontologies,
which is in line with requirement No. 9 from Tab. 4.

V. CONCLUSION AND FUTURE WORK

We analyzed existing data sharing approaches and
grouped them as peer-to-peer and semantic mediation
schema approaches. By applying them to a case study, we
define a list of requirements that any data sharing
approach ideally may support. We proposed linked data
network approach to ontology-based data sharing, which
relies on a network of ontology repositories. We used the
same case study to demonstrate that the proposed
approach meets requirements.section to describe our
findings.

We will focus our future work to provide detailed
definition of ontology repository features as well as to
implement Repository Manager that can be used in
various data sharing situations.
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