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Abstract—Business process is a sequence of events and tasks
that encompass actions and people. Therefore, a company that
pays much attention to its business processes has to clearly
identify and define the procedures of their relations. However,
with the exponential evolution in ubiquitous computing, the
exploitation of information spread all over different devices has
become essential to further improve business processes. Hence, in
this paper we present a new approach for business process
modeling that is based on context-awareness and ontology. We
propose a set of meta-model for the elements that we find very
important, taking into account the context and, in modeling, the
business process. To validate our approach, we propose a
concrete case study about transport system to provide a proof of
the applicability as well as the utility of the model.
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I.  INTRODUCTION

Companies are known by their constant search for
competitive advantages in order to create new business
opportunities and gain new areas of markets. Thus, they are
permanently in need to perform digital transitions and
continuous improvements which can only be achieved through
implementing technology. One of the most known
transformation is Business Processes that were introduced to
help companies to regain their lost positions and powers. The
use of Business Processes has a huge impact because it brings
into existence new kinds of process-oriented organizations in
which the structural hierarchy degraded. Under process-
oriented organizations the contributors are assigned tasks and
accomplishments which are sorted accurately to avoid any
unexpected problems. Business Processes has made significant
results in increasing the performance indicators (KPI, related to
time, cost and quality of the organizations). So, the modeling
of business processes is at the centre of an organization's
analysis process. Whether as part of a global reorganization or
a targeted improvement approach. Process modeling formalizes
the function of an organization. It involves structuring and
representing the activities of an organization, by using a
graphical notation to visually represent the flow of activities.
Modeling is based on specialized methods and tools as well as
implements process reference frameworks.

In recent vyears, several researchers have proposed
approaches for business process modelling.

It also displays new trends in ICT and the ubiquitous
computing. The development of context-awareness service is a
challenge in current research projects. In fact, since its

appearance in the 1990s, several researchers have proposed
many approaches to meet the challenge of context awareness,
especially with the birth of service-oriented architectures.

However, several research questions remain to be
addressed. This is due to a series of reasons, in particular the
modeling of contextual information and the consideration of
context in the business processes modelling.

However, our work allows to model contextual
information, integrating this model in the modeling of business
processes in order to obtain a contextual business process.
With the importance and value that the semantic aspect gives
to the model, we will present a semantic model of the
contextual business process model based on ontology.

In this article, we integrate the context into the BP as
follows:

e We define the context by the proposal of a context and
sensor metamodel.

e We define a business process model that takes into
account the context.

e We enrich this model by adding a semantic aspect.
e We apply our approach to a case study.

The rest of this paper is organized as follows: We start with
a background and related works where we present some
definitions and the state of the art on the BP modeling and the
context. Section three presents the different models of our
approach as well as the case study of transport. In section four
we give a simple conclusion and a vision of our future work.

Il. BACKGROUND

A. Context

The notion of context has been a research subject for years,
and until now, there is no general and standard definition.
Apparently, several researchers have tried to give a definition,
we are citing the most widely used definitions in the scientific
community.

Let's start with the definition of [30] which categorized the
context into three types, location, the identity of the person and
the object in question. [31] defines the context as having three
basic elements, the time, the date and the changes in that
period.

But the most used definition, on which we rely is the
definition of Dey et Al [32], it defines the context as follows:
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“Context is any information used to characterize the situation
of an entity. An entity may be a person, place or object
considered relevant for the interaction between a user and an
application, including the user and the application itself.”

B. Context-Awareness

Regarding context Awareness, several visions are proposed
to define a context-aware system. [1] Considers context-
aware applications as “applications whose behaviour may vary
depending on the context”. Its applications must automatically
extract information and perform actions based on the context of
the user detected by the sensors. Similarly, [2] perceives
context Awareness as the ability to adapt the functioning of a
system in order to increase its usability and efficiency by
taking into account the context of the user. Another interesting
vision is provided by [3] which makes it possible to link the
sensitivity and the context to the service offered by the
application or the system. In fact, a system is said to be
context-aware if it can automatically change these forms of
services or if it is able to trigger a service as a response to
changing the value of an information or a set of information
which characterize the service.

These definitions may be considered limited, according to
[4], since they exclude applications that use only the context
and that do not make any adaptation of context-aware systems.
To generalize these definitions, [4] considers that a system is
context-aware if it uses context information to make
information or / and services useful to the user available and
considers that this utility is dependent of the user's task. This
definition is also limited since a context-aware system deals
with other aspects other than the context acquisition
component, such as the interpretation of the context and the
necessary adaptations. To overcome these shortcomings, [5]
perceives that a System's sensitivity to context “is its ability to
acquire, manage, interpret, and respond to changes in the
context in order to provide the appropriate service”. Thus we
can consider that the two definitions of [4] and [5] complement
one another and can be considered as reference to define a
context-aware system.

C. Context-Awareness

For [6] ontology is the assumptions we make about the kind
and nature of reality and what exists. Ontology is also defined
as the nature of the world and what we can know about it.

In the field of computer science, ontology for [7] refers to
“an explicit specification of a conceptualization” or a more
refined way while [8] sees it as a “partial and formal
specification of a shared conceptualization”. Ontology is
among the most used tools of the Semantic Web and Acrtificial
Intelligence. It allows to model resources based on conceptual
representations of the domain under study and allows systems
and applications to draw inferences from them.

D. Business Process

A business process is a sequence of events that
encompasses actions, people and the sequence of work. This
concept comes from production lines but applies also to
commercial transactions. Whatever the structure of a
manufacturing, service or sales organization, it is underpinned
by its business processes.
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In the literature, several definitions are available for the
Business Process. [9] Defines the business process as “a
structured, measured set of activities and flows that use
necessary resources of the organization to provide specified
output for a particular customer”. [10] Defines it as follows
“the combination of a set of activities within an enterprise with
a structure describing their logical order and dependence
whose objective is to produce a desired result”. [11] Defines a
process as a productive activity which includes working for
something, moving of people, materials, information and
interaction.

I1l. RELATED WORK

Business process modeling is a major challenge for all
companies that aim to understand and improve their business.
With the emergence of ubiquitous computing, consideration of
the context has become paramount in the BP. So, in this
section, we will present some approaches that are related to our
work.

Modeling contextual information consists of representing
the context in a well-defined format that is easily shared and
used by the various stakeholders of the application. However,
several approaches have been proposed to standardize the
Context Modeling: [12][13] model the context as keys/value or
each key defines the contextual information so the value
presents its value, [14][15][16]are based on mark-up language,
it is a more structured approach that presents information in a
hierarchical structure, [17]presents the context in an object-
oriented way, so the contextual information is encapsulated in
an object in order to model it in a ubiquitous computing,[18]
model is based on MDA, it allows for a model that is based on
MOF (Meta-model facility) and[19][20] use ontology to model
contextual information in a declaration form, so it allows for a
semantic reasoning in these information.

Also for business process modeling, several methods and
languages are proposed such as UML which allows for a
modeling of any system in an object-oriented way, EPC (Event
driven chains), IDEFO that allows to model an organization’s
actions, Petri Net which is a mathematical graphical method to
present systems, PSL (Process Specification Language) [21]
that allows to represent model business process based on an
ontology, etc. Thus, BPMN which is the standard OMG for
business process modeling simplifies the understanding as well
as manipulates and improves the quality of a business process.

In order to integrate the context in business process
modeling several approaches have been proposed, including
those based on the methods mentioned above, to model the
context, the BP and other approaches that invent new methods.
[22] extends BPMN meta-model in order to add elements (task,
collector) to represent contextual elements. [23] has proposed
business process and context meta-models, [24] is a layered
architecture which is proposed to represent the domain, the
context and the BP in order to produce a Contextual business
process. [25] has proposed an approach to model the contextual
business process based on BPMN. [26] proposes a hew context
model that takes into account the business process situations,
Author in [ 33] has proposed a conceptual method of depicting
the context of a business process, in [34] authors has proposed
a method based on DMN for modelling business process .
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Other methods have added semantic aspects to business
processes: [27] have proposed an ontology of BPMN language
that called BPMN Ontology, it allows to represent BPMN in
the form of OWL-DL. [28] has proposed a framework that are
called BPAL to manage ontologies based on BP modeling
concepts (processes, atoms etc.).

IV. CASE STUDY: TRANSPORT SYSTEM

The system we have chosen as a case study is an example
of an informational system made by a transport company that
suggests the best routes in Rabat city (MyCity App). Indeed,
MyCity is an application of transport services meant for
residents and passengers of the city of rabat. A user of this
application is anyone who wishes to have a vision on a journey
inside the city of Rabat.

On the other hand, the current applications don’t provide
information about transports timetables and users’ information
(preferences, history, etc.) in order to make the service
appropriate to the user. As a result, the services provided by
these applications and the routes offered are not optimized for
the users in question.

Indeed, a typical transport application includes, but is not
limited to, the following services:

e Search Trip: the user enters his destination and,( if he
wants, his location) otherwise, his location will be
automatically collected by the sensory system.

e Display results: The system displays the different
possible routes and orders them according to the history
(preferred means of transport/departure time, etc.) and
the user preferences (user context).

e Choose route: the user must choose the preferred route.

o Display route: the system must display the path, it must
take into account the configuration of the user’s device
and it must follow the path with him in real time.

Depending on the scenario, several challenges arise:

e Context capture from various sources (user context,
device, etc.).

e Considers the user's context and the context of transport
in the various services (journey search, journey display,
etc.).

Indeed, all these services and challenges are implemented
in our system.
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V. THE PROPOSED APPROACH

Computers, smartphones, smart sensors are occupying
more and more space in our life. However, the amount of
information that circulates on these devices can help us in the
enrichment of several systems that we will need daily, such as
transport, health, telecommunication, sport and any system or
service. Therefore, our idea is to take advantage of all this data
(which is voluminous and rich) to improve the quality of
services for users. As Mark Weiser says: “There is more
information available at our fingertips during a walk in the
woods than in any computer system, yet people find a walk
among trees relaxing and computers frustrating. Machines that
fit the human environment, instead of forcing humans to enter
theirs, will make using a computer as refreshing as taking a
walk in the woods”.

However, with the place that Business Processes takes in
the strategy of companies, and with this area of ubiquitous
computing, the integration of contextual information into BP
will increasingly improve the quality of service for end-users
and provide a clearer vision for management to make the right
decisions.

Our approach as is based on several

components/models:

in Fig. 1

e Sensors: it is the model which is responsible for the
representation of the sensors.

e Context: allows to model contextual information.

e CBPM: Contextual Business Process Model, it is the
model that presents business process.

e CBPM Ontology: Contextual Business Process Model
Ontology, it is an ontology that corresponds to the
CBPM maodel.

Therefore, the ultimate objective of the proposed approach
is to provide a general framework for modeling the context and
to integrate it into the modeling of business processes, then add
a semantic aspect to this model by proposing an ontology that
corresponds to the proposed model.

Indeed, by the proposal of these models we were able to
model the most important elements of the context and the BP,
and to also bring them together in a single model that is CBPM
which simplified the use of context in the execution of the BP
model. This modeling approach facilitates the integration and
the re-use of one or more models of our approach by other
related systems / applications.

| Sensors |-—| Context
%
CBPM Model
1 T

uoneanddy

| CBPM Ontology

NOILNO3X3

Fig. 1. The Proposed Approach.
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A. Sensors

Sensors are components that are responsible for extracting
contextual information. A sensor is any element capable of
returning information about the user and the environment.

In general, there are two types of sensors: logical and
physical:

o Physical sensors: they are the materials that can extract
information related to the context of the organization,
the user or the business process itself. Like GPS,
localization, the state of the execution of the business
process etc.

e Logical Sensors: they are intelligent programs that
allow to retrieve information from the different possible
sources: web services, user calendar, reasoning about
user preferences.

In order to properly represent the different Sensors, we
present in Fig. 2 a simplified meta-model of sensor. Fig. 3
presents the application of this meta-model to our scenario of
transport system presented above. Among the different sensors
related to this field, we have chosen the following sensors:

e Location Sensor: it is a physical sensor that captures the
location of the user.

o Preference Sensor: it is a logical sensor that allows us to
reason about the user's history in order to obtain his
preferences.

B. Context

This model makes it possible to represent the context in a
well-structured format in order to use it by other components.
For the context in the Business process, it is any information
that can give an added value to the modeling, execution or
improvement of the BP.
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So, and in order to give a generic formalization to the
context that will be usable in any application, we propose in
Fig. 4 a context metamodel based on the work [29].

Our meta-model is composed of the following elements:

e Context: represents the context, it is composed of sub
Contexts.

e Sub Context: represents a sub-context, it is composed of
Property context.

e Context Property: it is the contextual element; it can be
attribute or Context Relationship.

e Sensor: represents the context provider.

e Context Relationship: represents the relationships
between the different elements of the context.

e Attribute: is an atomic value that represents contextual
information.

o Validity: represents the period of validity of a
contextual information.

According to our scenario, we present in the Fig. 5 the
context of our transport system, it is divided into the following
sub Context:

e Use Context: Contains the attributes that describe the
user's context (location, Preference).

e Environment Context: Contains the attributes of the
environment.

Device Context: Contains the attributes which describe the
device information (screen size, battery, ram, ...).

Sensor

| SensorProperty Ix ’|

( | )

| Attribute |

SensorRelation Ship |

Fig. 2.

«Sensors

L w

‘ SensorType ‘

i

r ' N

| LogicalSensor

‘ Physical Sensor

Sensors Meta-Model.

«Sensors

Localisation Sensor
b

Preference Sensor
b4

wAftributes «zLogicalSensors
Preferences UserHistory

Fig. 3. Transport Sensors.

sAftributes «PhysicalSensors
Position GPS
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| Context |
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| SubContext |
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\

| Attribute |

Fig. 4. Context Meta-Model.

C. CBPM Model

Taking the context into account in the business process
significantly increases its representation and the productivity of
the organization. And to respond to the different challenges of
the BP, we have proposed the meta-model presented in Fig. 6
which represents the most important aspects of a business
process, and it models the integration of context in this BP.

Our business process meta-model is composed of the
following elements:

o Process: represent the business process.

e Sub Process: represents a subset of processes, it is
composed of Process Element.

e Process Element: represents the main elements of a
business process, it can be Gateway, Event or Service.

e Service: represents the element of Process which are
services, in general these are the services offered by the
organization.

e Event: represents the elements that can be triggered
before, during or after the execution of the business
Process.

e Gateway: it is a connection between the different
services and events.

e Data: represents the data used in the business process,
they can be Process Data or Context Data.

e Process Data: represents the process data.

e Context Data: represents contextual information.

Let's apply this meta-model to our case study, according to
the scenario our application offers several services such as the
search for a route, display of a route... the Fig. 7 presents the
Contextual Business Process Model of the transport system.

D. CBPM Ontology

In order to enrich the different elements of the CBPM
model with a semantic aspect, we have proposed the CBPM
Ontology in Fig. 8 which is the result of a transformation of the
CBPM model.

CBPM Ontology is made up of three main ontologies:

e Process Ontology: this is the ontology that describes the
different elements of BP.

e Context Ontology: this is the ontology that describes the
user's context, device and environment.

e Domain Ontology: This is the ontology of the studied
domain, like Transport Ontology for the transport
domain.

The mapping between the elements of CBPM model and
CBPM Ontology is based on the classes and instances of the
ontology and the classes and properties of the model CBPM.
This mapping allows to give a semantic formalization to our
CBPM model.

Fig. 8 presents also the mapping based on the case study
described above.

«Context=
TransportContext

?

g

« SubContexts
UserContext

L 2

\£ ot

< Adtribute:s w Adtributes
Preference Localization

RN R

«SubContexts « SubContexts
DewviceContext EnvironementContext

! !

wAdtributes wAdtributes
ScreensSize Time

Fig. 5. Transport Context.
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Fig.6. CBPM Meta-Model.
folow
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Fig. 7. Transport CBPM.
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StartEvent ShearchTrip | DisplayResult "| ORGateway "| ChooseTrip "1 DisplayTrip "1 EndEvent
Fig. 8. CBPM Ontology.
VI RESULT As mentioned above, our approach has been designed in

Based on the different meta-models presented above, we
have created a general framework to model not only the
business processes, but also the contextual information, the
sensors that allow us to extract this information. CBPM is a
model that allows to model the business processes in a generic
way independent of the field studied, and also to integrate the
notion of context.

such a way that it is easily integrated and reusable globally or
partially with other systems. For example, for applications that
rely only on the context without BP can use our sensor design
model and context.

In fact, in order to validate our approach, we applied it to
the transport study case which presents a challenge for the use
of contextual information in the implementation of business
processes.
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Indeed, from the CBPM Model, we were able to extract the
various services and events of our business process as well as
the gateways. This has facilitated its execution and the
adaptation of these services to the context of the user.

Indeed, for the search Trip service presented in Fig. 9, it
allows to launch a search of the best routes between the
departure and the destination of the user. This service is based
on the geographical position, for the display Result service
presented in Fig. 10, it is based on the preferences and the
history of the user in order to propose routes.

In fact, all of these services are based on the hardware
characteristics of the user's device (size, PC/Mobile).

MADINAT 5
AL IRFANE
o W amit 2asaa

P-0-=--N
B4

B6

2R CALL

Fig. 10. Display Result.
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VII. CONCLUSION

In this article we have presented a new approach to model
the context and the business process. We proposed an
architecture with several components, CBPM:

e Sensors: to model sensors according to their different
types (logic, physics).

e Context metamodel: a context metamodel to represent
contextual information.

e CBPM metamodel: the business process model that
takes into account contextual information.

e CBPM Ontology: an ontology which is the result of a
transformation of the CBPM model based on the rules
for converting meta-models into ontology, which gives
the latter a semantic aspect.

In addition, we presented the classical methods and
language for business process modelling. We also stated
approaches that have responded to the problem of taking
context into account in the business process and others that
have enriched business models with semantic aspects through
approaches like ontology.

In our future work, we will use this model to propose an
approach for business process improvement taking into account
the different service events gateway presented in the CBPM
Model.
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