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Abstract—One of the contemporary problems in business
networks of supply chains are the information integration is-
sues. They are either related to incompatible information inter-
change cross independently designed data systems or lack of
common semantic model in the domain. The networked supply
chains need mechanisms to describe the choreographies of the
cooperating business units. In this paper we analyze the possi-
bilities of an application of the (some) Linked Data concepts
into the interaction models for the choreographies in business
process management BPM. We present our approach on a 4PL
(Fourth-party Logistics) integrator example.

1. INTRODUCTION

N the contemporary world the business companies have

to face unprecedented challenges. As a result of global-
ization the competition is becoming fiercer and the cus-
tomers often expect integrated services, what requires a
close cooperation between several involved organizations.
Therefore, companies have to adapt to new, such as net-
worked business models, and further rethink their role and
position in their value chain regarding the potential possibil-
ities to add value for their customer and suppliers. This re-
quires some changes from companies in their organizational
view, but at the same time in their information technology
view. The second result comes mainly from the appropriate
technology environment needed to support their interopera-
ble business cooperation.

The problem of the appropriate information technology
environments for collaborative processes between business
participants is not new and it has been approached with sev-
eral solutions like common IT platforms consisting of (pos-
sibly common) components based on established standards,
standard enterprise information systems, and standard busi-
ness protocols. Nevertheless, the IT environment platforms
still contain proprietary applications like ERP (enterprise re-
source  planning), @CRM  (customer  relationship
management), etc. The foreseen scale of collaboration be-
tween business partners may require to undertake further
steps for the integration of the IT environment, such as one
of the known enterprise application integration solutions or
usage of the loosely coupled e-business solutions (Web ser-
vices).

The inter-company networks are defined in [1] as com-
plex arrays of relationships between companies, which es-
tablish these relationships by interacting with each other.
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Whilst widening the markets toward inter-company net-
works (webs) with the collaborating organizations, men-
tioned above IT integration solution approaches doesn’t
seem to be sufficing and satisfactory. This level of an orga-
nizational form of the market participants requires mutual
adjustment in information sharing and data management,
and at the same time coordination of collaborative processes
of the business participants.

In the paper we will try to tackle both problem statements
by recommending the usage of a common (open stated) data
format as to be offered by Linked Data [2], and incorporat-
ing this idea into business collaborations in business process
management BPM that can be described in form of chore-
ographies that further could be denoted in a modeling nota-
tion, such as Business Process Model and Notation BPMN
2.0 [3]. We will consider the network from a supply chain
perspective with emphasis on the value-adding partnerships.

The supply chains define the network that embraces all
the organizations and activities associated with the flow and
transformation of goods from the raw material stage,
through to the end user, as well as the associated informa-
tion flow [4]. For the aims of our paper we will concentrate
on the networked supply chain activities and flow of infor-
mation.

In the inter-organizational information systems, which
link the companies to their suppliers, distributors and cus-
tomers, a movement of information through electronic links
(e.g. XML/EDI - Extensible Markup Language/ Electronic
Data Interchange) takes place across organizational bound-
aries, between separately owned organizations. It requires
not only the electronic linkage in form of basic electronic
data interchange systems (as for purchase orders, delivery
notes, cash flows, etc.), but also interactions in complex
cash management systems or by access to shared technical
databases. So the problems with sharing and the exchange
of information are still viable in supply chains contexts.

The existing EDI standard, as message-centric solution
has limited possibilities in enabling the value chain interac-
tions. The representation of business processes and vocabu-
laries in a domain to possibly automate the trading partners
interactions is missing.

Another important aspect in networks of supply chains
bears integrating the needed additional data from semantic
Web applications into logistic systems.
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A. Business Process Management

There are several known business process definitions in
the literature and they vary from the perspective of their un-
derlying business models. The business models may primar-
ily consider the participants in a joint business venture (El-
liot, Meargetta), view the processes and structure of a busi-
ness organization (Timmers) or regard the perspective of a
market place (Chaffey) [4]. According to M. Papazoglou, a
business process consists of one or more than one related ac-
tivities that together respond to a business requirement for
an action [4]. He states further, that the processing steps in a
workflow may undertake numerous transformations of data
(geographic, technological, linguistic, syntactical and se-
mantic transformations), communication is an important part
of the process and that (e-)business processes exist within
certain environments.

Another definition formulated by F. Soliman in [5], states
that the business processes may be considered as a complex
network of activities.

In the dynamic business environment, such as networks of
venture participants involved in value chains in logistics, the
key roles take the coordination problems in the business
process management. Therefore, for the aims of this paper
both business process definitions will be used and further
examined if needed.

In our paper we will consider communication of the busi-
ness processes denoted in the BPMN 2.0 in a form of the
choreographies, and we will analyze the applicability of the
Linked Data principles and concepts into the business
process choreographies for supply chains in business net-
works. For this aim the rest of the paper is organized as fol-
lows.

In Section 2 we briefly characterize the business process
management and choreographies concepts, and also the
BPMN 2.0 elements destined for choreographies. In Section
3 we behold the Linked Data principles and concepts, in
Section 4 we provide an example scenario for 4PL (Fourth-
party Logistics) integrator and then we examine how the
Linked Data concepts may be applied in conjunction with
the BPM choreographies. We will also try to show (in Sec-
tion 5) how the integration of the Linked Data into choreog-
raphy tasks may be used to achieve the leverage of the
choreography concepts in the semantic data environments.
In the last Section we conclude our work.

II. BUSINESS PROCESS CHOREOGRAPHIES AND BPMN 2.0

A. BPM — Orchestration and Choreography

A business process management (BPM) view involves ex-
plicit planning, organizing, execution and control of busi-
ness processes [4]. In addition to other process characteris-
tics (like environment, customer(s), data, inventories, deci-
sion points and the final process product) communication is
an important part of any business process.

The processes can interact with each other in form of or-
chestration or choreographies. While the orchestrations are
undertaken under control of a single endpoint, the chore-
ographies incorporate the interactions of the independent
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agents: “a choreography defines the sequence and condi-
tions under which multiple cooperating independent agents
exchange messages in order to perform a task to achieve a
goal state.” [6].

The Web Services choreographies can be specified by
means of Choreography Description Language (WS-
CDL) [7].

In particular, there are two approaches to modeling the
choreographies: the interaction models and the interconnec-
tion models, (i.e.) interconnected interface behavior model
[3]. The interactions models consider the basic interactions
in form of message exchanges, and the interconnections
models concentrate on the control flow of each participant
of the choreography.

For the aims of this paper we consider only the choreog-
raphy interactions models. For this form of the message in-
terchanges among collaborating partners representative ap-
proaches are WS-CDL, Let’s Dance [8], iBPMN [9] and re-
cently BPMN 2.0. We concentrate us below on the last pos-
sibility, which is the industrial international standard recom-
mended by the Object Management Group consortium
OMG, BPMN 2.0.

B. Modeling Choreographies in BPMN 2.0

The Business Process Model and Notation (BPMN) ver-
sion 2.0 was released in January 2011. BPMN possesses a
metamodel, own notation and the exchange format. It has a
rich expressiveness for modeling business processes includ-
ing orchestrations and choreographies. The modeling ele-
ments for choreographies are Choreography Tasks repre-
senting the Interaction (Message Exchange) between two
Participants. The choreography task is a rectangle: its top
and bottom sections denote Participants; the color of the sec-
tion indicates whether the participant is initiating the Task
(white rectangle section) or receiving it (shadowed rectangle
section).

A refined choreography with several interactions may be
contained in a Sub-Choreography. In BPMN 2.0 there is
also the Call Choreography that is a wrapper for a globally
defined Choreography and the plus-symbol denotes a call to
a Sub-Choreography.

In the Choreography Diagram the Initiating and the Re-
sponse Messages attached to the Choreography Tasks are
also included. Multiple participants of the same type can be
denoted as a set of participants of the same kind (denoted as
three vertical slashes-symbol).

Other BPMN 2.0 elements like activities, events, timers,
exceptions and compensation can supplement the choreogra-
phy descriptions.

III.

The Linked Data principles were introduced by Tim Bern-
ers-Lee on his presentation at the TED 2009 conference
[10]. In this presentation he outlined four rules for making
human or machine-readable links for the exploration of web
of data. The first rule refers to the usage of Uniform Re-
source Identifier URI [11] for identification of items (called
“things”). The second given rule specifies that only HTTP
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URIs are meant, so that people can look at them and these
can be found by the standard established Domain Name
Space (DNS) system. The third rule was formulated for the
purpose of providing additional useful information for the
items defined by URI. The information should be denoted in
a standard format, such as Resource Description Framework
RDF* [12], (i.e.) in form of the RDF/XML or an alternative
serialization (N3, Turtle). The last, fourth rule concerns pro-
viding the linkage of such described items with other related
items (data), so that the related information on the Web can
be discovered more easily.

The recent development in this topic is the notion of
Linked Open Data LOD, the concept recommended by the
World Wide Web Consortium W3C [2]. It is a star rating
system of linked data that allows for proving to which extent
the linked data can be regarded as open. The star rating is
formulated as a five principles scheme, where each next
scheme principle extends (for the next star added) the for-
mer one by integrating an additional feature. The first star as
principle states that the data should be available on the Web,
no matter in which format, but it should be one with an open
license. The second principle (two stars) adds that it should
be machine-readable structured data. The third principle
(three stars) adds that the format of the data should be a non-
proprietary format. The fourth principle assumes achieve-
ment of the former three principles and additionally pre-
sumes the usage of an open W3C standard for identification
of items, like RDF (RDF/XML, N3 or Turtle) or SPARQL
[2] formats (SPARQL Protocol and RDF Query Language)
for larger data amounts of data sets. The last principle, re-
quired for getting the five star grading assumes contextual
linkage of rated data to other resources described in the
same way.

IV. EXAMPLE CHOREOGRAPHY SCENARIO—4PL INTEGRATOR

The development in contemporary logistic networks leans
toward outsourcing the various logistic functions or ser-
vices. The further trends include possible integration of out-
sourced functions/services or even the outsourcing of the
whole business processes. At present the dominant are
called 3PL (Third-party Logistics) solutions [13], where the
external organizations support the organizations with some
of the logistic activities, like the transportation or technical
activities like printing of the shipping labels and manifest
lists for particular carriers, and so on. At the next develop-
mental stage the concept of the 4PL (Fourth-party Logistics)
emerged. The concept was defined by Andersen Consulting
(now Accenture) and encompasses the functions offered by
a 4PL logistic provider, which is acting as an integrator, as-
sembling the resources, capabilities and technology needed
for design, building and running of the comprehensive sup-
ply chain solutions [14].

As an example of the ideas presented in previous sections
we consider an example of a 4PL-logistic provider manag-
ing the shipment of commodities bought from the Webshops
in Asia to customers residing in Europe. Our 4PL logistic in-
tegrator operates (utilizes an outsourced or provides own)
software platform that integrates the requests for quotations

incoming from the diverse shops and then processes the
communication with the shipping software to settle the or-
ders. The needed software platform may be owned by the
4PL or they utilize services offered by another parties. In the
second case the 4PL plays the role of the “pure broker” [15]
and governs the settlements of the agreements.

One of the important services offered by the 4PL and re-
alized from the software platforms (as their important func-
tions) consists of checking the availabilities and the eco-
nomic aspects of the possible transport routes. The interna-
tional 4PL does not need to have its own transport [15].
They may work directly with companies offering transport,
or directly with the 3PL providers, what includes different
kinds of carriers, consolidators and forwarders (ocean carri-
ers, airfreight forwarder, local carriers).

After comparison and selection from different carrier al-
ternatives, the software platform enables the transport of a
given Webshop’s parcel with the best possible (i.e., fastest,
cheapest, trackable) available (offered by 4PL) transport
mode.

Thus, the purpose of 4PL-software as the carrier integra-
tor is one of its most important roles of the 4PL. It includes
taking into account the up-to-dateness of solutions for the
European market. The particular solutions will be config-
ured in accordance with the data provided by the contracted
fulfillment company. As the 3PL they may have own ware-
houses and established contracts with the carriers, which are
delivering palletized shipments to Europe (i.e. by sea or air).
Their carriers (e.g. DHL, UPS) pick the individual parcels,
which are inbound from Asia, from the fulfillment ware-
houses in Europe. With the physical set of parcels the car-
rier receives the printed listing with information about the
parcels. Every single parcel has a label, which is printed by
the Webshop in Asia, and fully complies with particular Eu-
ropean carrier labeling specification.

A. Exchanged Data Flows

In the above scenario the needed data is transferred be-
tween various software systems, where possibly each of the
system (or majority of them) maintains own data formats
and makes use of the customized standards for communica-
tion aids (e.g. Electronic Data Interchange EDI [16]).

Firstly, the Webshop in Asia stores up in proprietary
back-end databases or other back-end storage systems the
order data obtained from the Web forms.

Secondly, the collected order data is forwarded to a com-
munication platform, which contains software-offering ser-
vices for decisions support regarding the choice of the car-
rier and preparing and creating the shipments (parcels) for
the particular carrier system. The communication between
the platform and the back-end storage system of the Web-
shop can be event-driven (taken place for each shipment),
occur periodically, or is foreseen only at a specified time(s)
of the day.

The communication platform then passes all data needed
for the transport of the shipments; as a result it receives the
graphical data for the parcels labels, to be prepared accord-
ingly to the standards used by the specific (last stage) carri-
ers.
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In the next step, when the palettes with the labeled parcels
arrive from Asia, the fulfillment company also uses the soft-
ware platform for the preparation of printed lists (manifests)
of readily available parcels for particular carriers and send-
ing the information to the carriers that the particular parcels
are ready to a pick-up.

This part of interaction between the shipment software
and the carrier firm often takes place by using the EDI stan-
dard; nevertheless the carriers use the EDI standard fitted to
the carriers’ specifications.

The decision of the carrier choice will be taken by the
software platform operated by the 4PL, or it can be taken by
the multi-carrier shipping software application integrated
with the platform. At this stage various information can be
taken into account for choosing the most appropriate carrier.
Not only costs determine the choice, also other factors like:
type of the packet (e.g. standard or express), its weight and
dimensions (size), the destination country, the delivery on
specific days (daytimes), paying options, possibility of
tracking and tracing, and so on.

Additionally, in case of using different carriers, e.g. the
ocean carriers, the supplementary inputs like the weather
data provided from Web applications could be needed to
support the transportation decisions. Often also the geo data
considering the road traffic needs to be integrated into the
data of the 4PL software systems.

As described by the above scenario, we can see that there
is a need to transform the data or customize it to different
data formats expected by diverse systems. Therefore in the
next Section we propose the integration of logistic data by
using a common standard.

V. VALUE CHAIN DATA INTEGRATION WITH LINKED DATA

As stated at the beginning of the paper, the process steps
in a workflow could undertake numerous transformations of
data. In our example given in the last Section there are the
geographic, technological, linguistic, syntactical and seman-
tic transformations needed. The common format could alle-
viate the communication between the participants collabo-
rating in the process environments.

Thus, it appears that a common solution for the data inte-
gration is appealing and desirable. In our example the source
data attained from a Webshop until delivery of the com-
modities to the customer is administered in the subsequent
stages, changing format and being adjusted and enriched
through numerous additional transformations needed to ac-
complishing of their activities (process steps) by the partici-
pants in a joint business venture.

The contemporary evolution in Web comes toward the
Semantic Web. The Semantic Web concept supports the ba-
sic idea of the Web considered as an open community shar-
ing the information around the world. Nowadays problems
comprise of integration and consistency of information,
what is a result from the fact that the Web at present is con-
centrated on the data presentation. What we need in the con-
text of BPM is the integrated description of objects and their
relationships. The data model for the Semantic Web infra-
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structure promoted by the W3C consortium is the Resource
Description Framework (RDF).

As pointed out from our hypothetic Webshop parcels ex-
ample, one part of the data integrated into the flow of data
exchange in business networks could be the data supplied
into the 4PL integrator software platform from Web applica-
tions like the Geo, metrological or traffic data, partially en-
riched with semantic information described with RDF
triples.

Consequently, we analyze the possibility of the integra-
tion of data exchanged between the business venture partici-
pants on the base of semantic data. There are several ap-
proaches to implement the usage of the ontology [17] for the
communication in Web, but there are still no known estab-
lished business solutions working successfully on the base
of ontologies.

For that reason we consider the application of Linked
Data concepts as more of a lightweight solution to the se-
mantic description of data exchanged in networks connected
through Internet and enriched with data from web applica-
tions like OpenStreetMap [18] or DBpedia [19]. We focus
on the further development of linked data supported by the
W3C consortium as Liked Open Data with the goal to pro-
vide a distributable, not only human-readable but machine-
readable description of the data.

As described in Section 3, the Linked Data principles en-
compass the following: HTTP URIs as names for entities,
usage of standards RDF* (SPARQL) and links to other
URIs (of linked data).

The information assumed is to be presented as Linked
Open Data, this presumes also that the data is available on
the Web with an open license, it is machine-readable and not
in a proprietary format.

Therefore it is important that the communication soft-
ware (e.g. of 3PL) will support open data formats, such as
CSV (Comma-separated values) [20] or transformation to
such an open format.

The data exchanged between the choreography’s partici-
pants may be enriched with semantical information by
means of the RDF graphs. At present time information is
stored mostly in relational databases. For transformation of
the data some solutions are partially available, i.e. Triplify
for transforming the data stored in transactional databases
into RDF representations [21]. Other possibilities like ob-
ject serialization, or hierarchical representation should be
mapped into the graph data models. Meanwhile there are
multiple semantic databases implementation known, such as
Triplestores, a purpose-built database type dedicated for the
storage and retrieval of triples (subject-predicate-object),
e.g. Virtuoso [22]. In addition to queries the triples can be
imported or exported using RDF and other formats.

The mapping between the customized IT solutions and
other data formats into the triple representation could be un-
dertaken by means of dedicated software.

The technical aspects of data integration are in fact be-
yond the focus of this paper, but the new software trends in
the information technology apply numerous reuse tech-
niques and approaches to extensive automation and adjust-
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ment of software with generative techniques [23], and vari-
ability management known from the software product line
approach, as described in [24].

The usage of open formats with RDF-defined semantic
could support easier entries in the digital value chains. The
enrichment of data with the semantic information can help
communicate and mediate between multiple viewpoints. The
semantic enriched data stored in an open format can be
made widely available for the participants of the value
chains if it could be further managed by using of cloud com-
puting — the web-based, dynamical IT services. The cloud
computing solutions warrant moreover the security on the
infrastructure and on the data level, and also would elimi-
nate the need of initial investments in IT infrastructures.

The usage of open formats may considerably contribute to
raise flexibility and content transfer of business process
choreographies in supply chains organized as webs and sim-
plify the transformation of data into the diverse e-business
standards and enterprise applications data.

The drawback of the given approach is the need of its in-
tegration into IT solutions. To be useful it should be sup-
ported by the numerous diverse E-business standards com-
ing from non-profit organizations like Electronic Data Inter-
change EDI, the United Nations Electronic Data Interchange
for Administration, Commerce and Transport UN/EDI-
FACT, Business Message Standards from the GS1-organiza-
tion especially GS1 XML, Electronic Data Interchange For-
warding EDIFOR, web service business protocols, other
standards specific for specialized manufacturing branches,
and also the enterprise applications.

VI. CONCLUSION

The concepts of the Semantic Web and further the Linked
Data are time and again regarded as the Web 3.0 extensions
to the existing Web technology. It is expected that their ap-
plication may substantially support the automated extraction
of information published on the Web by using open stan-
dards and additionally describing with semantic meaning
and the contextual relationships of the data. The contempo-
rary environment of the inter-organizational business pro-
cesses working together in fulfillment of the distributed
business scenarios do not incorporate the above mentioned
extensions.

In the paper we have considered incorporating the seman-
tic concepts associated with the Linked Data into the busi-
ness process management BPM, especially for the aims of
building the interaction models of the business process
choreographies in value chains.

In the paper we have shown on the 4PL integrator exam-
ple a need for a common standard for data exchange be-
tween the various IT applications interacting in the logistics
value chains.

We suggest the usage of the Linked Data to contribute in
speeding up of the data integration and data transfer. The
saving of costs (previously needed for the transformations of
data from and to diverse formats) will create the added value
for the network participants.

The suggested solution would additionally allow the de-
scribing semantics of the data to be stored and processed. It
also raises new possibilities (solutions) for the scalability is-
sues of the value webs in logistics. The network effect
causes that with increased number of participations the
added value for the participants of the network grows.

There are different possibilities for modeling the chore-
ographies in business value networks. As a notation for the
business processes collaborations we suggest the usage of
the OMG industrial standard in business process modeling -
Business Process Model and Notation (BPMN) Version 2.0.

In the future the integration of the Linked Data concepts
into the BPMN choreographies may be investigated.
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