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Abstract. This paper presents an architectural model-based semantic approach
to develop groupware. This approach facilitates a structured and formal
representation of a knowledge domain, particularly, the groupware domain. The
representation is carried out by using a workflow ontology, which simplifies the
development of groupware and its adaptation. The knowledge base of the
workflow ontology is comprised for the architectural model elements. The
architectural model is provided in order to support the static structure and
dynamic nature of this type of applications. In such a way, this model may be
able to supply the group organizational structure that supports the group
dynamic behavior and, its interaction; as well as, the manner how this behavior
will be displayed on the application. Finally, a case study to show the semantic
approach usefulness is presented.

Palabras Clave: Semantic Approach, Groupware, Architectural Model,
Workflow Ontology, Ontology.

1 Introduction

Nowadays, many organizations require structures that facilitate an efficient
communication, collaboration and coordination between the members of the group
with independence of their geographical location. These facts have increased the
interest in collaborative applicationsvhich generally are known as groupware. This
term is defined as: a computer-based system that supports groups of people engaged
in a common task (or goal) and provides an interface to a shared environment [1]. The
development of groupware is a complex process, since these applications have to
consider activities and protocols social of the organizations; shared workspace;
interaction among users and between them with shared resources; group awareness;
group memory; shared and individual view; and adaptation. So groupware can be
adapted to different scenarios usiagstructured and formal representation of a
knowledge domain.

Several tools or frameworks (such as Groupkit [2], ANTE &§&d SAGA [J),
architectures (e.gClock [5], and Clover [6]), and methodologiesAMENITIES -A
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MEthodology for aNalysis and deslgn of cooperaTlve systEmS [7], CIAM
(Collaborative Interactive Applications Methodology) [8], y TOUCHE [9].) have
been developed in order to carry out construction processes of groupleamver,
these proposals lack of the necessary adaptability to conform naturally to the inherent
dynamics or the different scenarios that groupware often presentalég)cthese
show the absence of a formal and structured representation to help eliminate
ambiguity and redundancy in the development of groupware. Although, TOUCHE,
also, proposes an ontology to CSCW Systems, this focuses on collaborative
organizational structures, which corresponds to part of the work presented here; since
it also adds elements to control the interaction, application itself and adaptation. The
TOUCHE ontology is semi-informal. Moreover, our group organizational structures
includes the terms of Rights/Obligations and status that are important to determine the
tasks that a role can play in the organization.

In this paper, a formal ontology to develop groupware is proposed. The ontology is
based on architectural model that supplies the vocabulary terms that are used as
knowledge base for the development of groupware. The ontology is one of the
strategies to provide a semantic approach to domain knowledge, since establish a
formal vocabulary of terms, and some specification of their meaning; including
definitions and of how concepts are related.

The rest of the paper is organized as follows. Section 2 describes briefly the
architectural model used as knowledge base. Section 3 introduces to ontology. Section
4 explains semantic approach to develop groupware. Section 5 details a case study.
Finally, Section 6 outlines the conclusions.

2 Architectural model

As collaborative applications become more and more complex, a critical aspect of
their design is the overall structure of the application, and the ways in which that
structure provides conceptual integrity for the same. This level of system design has
come to be known as software architecture [10] defined as the fundamental
organization of a system, embodied in its components, their relationships to each
other, to the environment, and the principles governing its design and evolution.

The Architectures are described with informal (by diagrams and words), or
formals (by architecture description languagéd®L), representations. In addition,
standard general-purpose modeling notations, such as UML, Z [11], or B [12], have
been use. There are different architectural styles [10], this paper focuses a layered
style, where the architecture components are grouped in layers. A layer is a software
technique for structuring the software architecture that can be used to reflect different
abstraction levels in the architecture. The architectural model was developed through
an extended literature review, which included studies and surveys from multiple
venues, such as journals, conferences, and workshbjgssmodel presents a layered
style, which contains four layers (see Figure 1)

The Group Layer, facilities the elements that allow the interaction on the
application. This layer suppliegie Group Organizational Structure (GOS) that is
governed by the Session Management Policy (SMP), which determines how the
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users are organized. The SMP defines the Roles that Users can play. These Roles
establish the set of Rights/Obligations and Status within the GOS, and Tasks that
can be carried out. Each Task is constituted of Activities that use the prevailing
shared Resources.
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Figure 1. Layered architectural model for building groupware

The Interaction Layer, offers the elements to carry out the interaction among
users and between them and applicat®m it presentsSession which establishes a
shared workspcewhere a group will collaboratéotification, informs to the users
of every occurred change in the session, enabling the group awareness and group
memory; andConcurrency ensures the consistency of the resources being shared,
facilitating the manipulation of the users permissions, which are granted, in
accordance with GOS and/or a lock mechanism established.

The Application Layer, allows controlling interaction by means utiase[13]—
which in a coordination model is defined as each of the collaboration memeamnid
showing interaction throughiews The views are user interfaces and there are three:
Information View —IV, which displays the user informatier Participant View
—PV, representing the shared view, displaying the changes in shared resodrces an
therefore provide group awarenessand Context View —CV, which displays the
change history of shared resources thus providing group memory

The Adaptation Layer, facilitates application adaptation and presents two Stages
[14] —Pre-Adaptation and Adaptatien The former determines whether an Activity
can adapt the application. For this, it contains a detection processadinabrs the
Activities in the Session; an agreement process—it is executedonly if it is an
adaptable process in a non-hierarchical organizational style— to reach a consensus on
whether an adaptation process should be performed; and vote tool that allows several
kinds of agreement, such as it based on the majority vote, the one based on a
maximum or minimum value, etc. The latter performances the adaptation thus it
presents theadaptation flow process and the one reparation, which returns each
component to its previous state and notifies to users that adaptation cannot take place

The elements of the first three layers constitute the knowledge base to develop
groupware, along with the ternod§ change, adaptatipand application. These three
terms are added, due to that a change in the resources requires to send notification
producing the views adaptation; so, the Application presents the latest changes.
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3 Ontology

In recent years, the use of ontologies has extended in diverse areas as medicine [15],
bioinformatics [16], groupware [9]; mainly, because they allow a formal explicit
specification of a shared conceptualization of certain domain of interest.
Conceptualization, refers to an abstract model of some knowledge in the world
through the identification of relevant concepts of this. Explicit specification, means
that the type of concepts used, and the constraints on their use are explicitly defined.
Formal, reflects the fact that the ontology should be machine-readable. Shared,
represents the notion that an ontology captures consensual knowledge that is not
reserved to some individual, but it is accepted by a group. So, it is said that ontology
establishes the vocabulary used to describe and represent domain knowledge to
facilitate machine reasoning. The domain knowledge describes the main static
information and the objects of knowledge. According to Gruber [17], domain
knowledge in ontologies can be formalized using four kind of components: concepts,
relations, axioms, and instances.

Ontologies can be highly informal, if they are expressed in natural language; semi-
informal, if they are expressed in a restricted and structured form of natural language;
formal, if they are expressed in an artificial and formally defined language (i.e.
Ontolingua, OWL -Web Ontology Language); and rigorously formal, if they
meticulously provide terms defined with formal semantics, theorems and proofs of
properties, such as soundness and completeness. Ontologies require a logical and
formal language to be expressed. The OWL representation facilities are directly based
on Description Logics. This basis confers upon OWL a logical framework, including
syntax and model-theoretical semantics, allowing a knowledge representation
language capable of supporting a knowledge base, and a practical, effective
reasoning. Protégé is used in order to develop ontologies with OWL to provide
graphical interfaces that facilitate the knowledge representation and reasoning. The
development of ontologies is a laborious and error-prone task, especially if done
manually, so it is necessary to have tools that can automate some of this work and
hide the features and formalisms for ontology specification languages. These tools
provide graphical interfaces that facilitate the knowledge representation and
reasoning. This paper uses Protégé, which in order to develop ontologies with OWL
to provide graphical interfaces that facilitate the knowledge representation and
reasoning. Protégé is an engineering tool open source ontology and a knowledge-
based framework, which is widely used due to its scalability and extensibility with
lots of plugins; to facilitate inference knowledge through reasoners, query languages,
and rules. Therefore, it can be concluded that ontologies are an ideal solution for
knowledge representation and reasoning, since it provides a set of symbols through a
formal and structured vocabulary.

4 Semantic approach

In this work, a semantic approach is proposed, the approach is based on the workflow
ontology. On the one hand, the development of groupware needs to carry out a set of
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steps ordered, which can be made by means of a workflow. The term workflow
typically refers to “automation of a business process, in whole or part, during which
documents, information or tasks are passed from one participant to another, for action,
according to a set of procedural rules” [18]. However, workflows lack the expressive
power to represent the domain knowledge and the sequence of operations. On the
other hand, ontology describes knowledge domain through concepts, relations,
axioms, and instances, although ontology does not specify how these entities should
be used and combined.

Special attention has recently been paid to the development of workflow
ontologies, for example, it presents a collaborative workflow for terminology
extraction and collaborative modeling of formal ontologies using two tools Protege
and OntoLancs [19]; it allows the development of cooperatives and distributed
ontologies. based on dependencies management between ontologies modules [20]; it
shows an ontology-based workflows for ontology collaborative development in
Protégé [21], it presents the combination of workflows with ontologies to design way
formal protocols for laboratories [22], it proposes a workflow ontology for the
preservation digital material produced by an organization or a file system [23]. All
these works focused on building workflow ontologies to represent collaborative work
in different areas, however, this paper presents a workflow ontology to develop
groupware using the architectural model elements as the ontology vocabulary.

The Table 1 shows the concepts, relations and axioms of the Workflow Ontology,
which stablishes that: first, the Application GOS should be established; second, the
SMP should be determined, it will govern the GOS; third, the Roles should be
defined, these are configured SMP, and played by one or more users; fourth, the
Users should be indicated, they are part of GOS; fifth, the Right/Obligation (R/O)
and the Status should be designated, the former points out that can do a role, and the
latter is role position in the GOS; sixth, the Tasks should be mentioned, which are
carried out by role, showed in View, and part of Phase; seventh, the Activities should
be defined, these are part of a Task, and can generate changes; eighth, ninth, the
Resources should be established, these are used in activities, presented on the View,
and locked through the Concurrency; the Notification should be specified, it is
triggered by a change, reflected in the View, and it, also, activate the Adaptation;
tenth, the Concurrency should be defined, it is triggered by a change, and it lock
resources to guarantee mutually exclusive usage of same; eleventh, the IV, PV, and
CV should be determined, the three compose a View; twelfth, the Adaptation should
be showed, it is produced by Notification and displayed on the View; finally, the
Sessions should be indicated, these are part of an Application, and are composed by
Views and Phases.

5 Case study

This paper presents an Academic Virtual Space (AVS, EVA in Spanish) as case
study, which provides the students with a shared workspace to simplify their access to
the course material previously loaded by the professor. So, the AVS allows to
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Figure 2. Workflow Ontology to develop groupware.



generate groups, where students and professors can share information, messages and
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Table 1.Workflow Ontology components.

Relation Domain Range Constrain
(Concept) (Concept)
establishies inverse: isEstablishe] Application GOS max cardinality=1
contains inverse: IsContained GOS User min cardinality=2
isGoverned inverse: governs GOS Policy max cardinality=1
determines inverse: isDetermine Policy Role min cardinality=1
indicate inverse: isIndicated Role Status max cardinality=1
designates inverse: isDesignated Status R/O min cardinality=1
signpost inverse: isSignposted R/O Task min cardinality=1
isFormed inverse: formed Task Activity min cardinality=1
uses inverse: isUsed Activity Resource | min cardinality=1
has inverse: isHave Phase Task min cardinality=1
isDisplayed inverse: display Task View min cardinality=1
exhibits inverse: isExhibited View Resource | min cardinality=1
is IV/IPV View min cardinality=1
is CV View min cardinality=1
produces inverse: is Produced Activity Change | min cardinality=0
triggers inverse: isTriggered Change Notification | min cardinality=0
triggers inverse: isTriggered Change Concurrency| min cardinality=0
locks inverse: isLocked Concurrency | Resource | min cardinality=1
generates inverse: isGenerated Notification Adaptation | min cardinality=1
shows inverse: isShowed View Adaptation | min cardinality=1
is_part_of View Session | min cardinality=1
is_part_of Phase Session | min cardinality=1
composite Application Session | min cardinality=1

files. According to workflow ontology carry out:

GOS: AVS-GOS.
SMP: AVS-P.

Role: Tt specifies two roles: Professor and Students.
Users: Professor Mario Anzures-Garcia and Student Coral, Jesus, Ivan.

R W=

Professor with status 1. Student with status 2. The Professor and Student have

the following RO in common: accessing, and authenticating the Application,

managing tasks and writing messages. Furthermore, the Professor has the
generating group R/O, and the Student of Register in the Group.

6. The Task are to register user, to authenticate user, to manage user task, to send
message, to generate group, and to enroll in the group. The two first Tasks
compose the Access Phase, while the others comprise the Collaboration Phase.

7, 8. Now, the Activities for each Task along with used Resources in they are defined:

a) To register user composites of the Activities (see Figure 3):

1. Capturing login using as Resources the Label, and Text Box
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10.

11.

Capturing password using as Resources the Label, and Text Box
Repeat password using as Resources the Label, and Text Box.
Capturing first name with Resources the Label, and Text Box.
Capturing last name using as Resources the Label, and Text Box
Capturing facebook using as Resources the Label, and Text Box
Capturing twitter using as Resources the Label, and Text Box
Capturing e-mail using as Resources the Label, and Text Box.
. Uploading Picture with Resources the Browse Button and File.
10. Sending Data using as Resources the Register button.
b) To authenticate user composites of the Activities (see Figure 3):
1. Capturing login using as Resources the Label, and Text Box
2. Capturing password using as Resources the Label, and Text Box
3. Sending Data using as Resources the button send.
c) To manage user task composites of the Activities:
1. It review file using as Resources the Label, Text Box, and file.
2. Creating Delivery Date using as Resource the Calendar.
3. Uploading Task with Resources the Label, Text Box, and file.
4. Downloading Task with Resources the Browse Button, and file.
d) To send message composites of the Activities:

NS RN W

© %

1. Comment on the Wall with Resources Label, Text Box, and Button

Publish.
e) To generate group composites of the Activities:

1. Selecting Course using as Resources the Label, Text Box, Combo Box,

and Button Send.

2. Describing Course with Resources the Label, Text Box, and Button

Send.

3. Choosing Hours using as Resources the Label, Text Box, Combo Box,

and Button Send.

4. Creating Group Password using as Resources the Label, Text Box,

and Button Send.
f)To enrol in the group with Activities:

1. Select Teacher using the Resources: Teachers List, Groups List,

Courses List, and Button Send.

2. Select Group using the Resources: Teachers List, Groups List,

Courses List, and Button Send.

3. Select Course with Resources of Teachers List, Groups List, Courses

List, and Button Send.
4. Send Data with the Resource Button Send.
The Notification is generated by the activities of sending data, reviewing file,

creating delivery date, uploading task, downloading task, comment on the wall,

and creating group.

The Concurrency is triggered by the activities of sending data, reviewing file,
creating delivery date, uploading task, downloading task, comment on the wall,

and creating group.
The AVS View presents [V, PV, and VC.
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12. The Adaptation is activates by the activities of sending data, reviewing file,
creating delivery date, uploading task, downloading task, comment on the wall,
and creating group.

13. The session is AVS-Session.

\\/ g Inicio Grupos Profesores
Iniciar Sesion Registrarse
Los siguientes campos son abligatorios
Lot Password:
Repetir Password:
Nombre{s):
Apellidos:

( )

Escoje una foto(maximo 20kb):

Browse.. | No file selected.

La siguiente informacion es para que te puedan localizar mas facilmente,
la podras cambiar o llenar despues.

Figure 3. AVS (EVA) developed with workflow ontology.

6 Conclusions and Future Work

This paper has presented semantic approach to develop groupware based on
architectural model. This approach supplies knowledge basehich facilitates and
simplifies the development of groupware. The knowledge base suppliesvacabulary
that easiness the representation, specification, analysis, and design of this kind of
applications. The workflow ontology indicates how users are distributed and
organized —i.e. how they communicate, coordinate, collaborate—; how the
interaction and adaptation are controlled, as well as how it is presented the interaction
in the Views. The future work is orientated to specify a methodology to develop
groupware.
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