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Abstract

Global Software Development (GSD) brought competitadvantages to organizations, but it
has also imposed some drawbacks due to the phydigtabution. A critical aspect of this
approach is related to communication. In orderruvigde the same semantic understanding
about information exchanged on the environmentltdeam members it is necessary to
minimize the ambiguity. This paper presents Ont@&N81, application ontology for a
distributed software development environment. Thealgof this ontology is support
communication among geographically dispersed te@mipers. The ontology is integrated to
a contextual information dissemination model, whidtifies the team members about the
actions that occur on the shared workspace and imifuence their work. The main
contribution of OntoDISENv1 is to support contextuaformation representation and
processing, providing inference capability and sstmaconsistency of the information
disseminated.
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1 Introduction

The Global Software Development (GSD) is a develepinapproach in which teamsthat work collaboragivela
common project are geographically distributed. Tl of approach can bring many benefits in teahsost and
quality using qualified professionalsspreadfrom atbund the world, better time-to-market and cardirs
development (follow-the-sun)[1]. Besides its adeges, GSD brings new challenges related to coatidim,
cooperation and communication, such as contextudtiiral, organizational, geographical, temporall aolitical
differences. To minimize these differences and enthat geographically distributed individuals amdlaborating,
it is essential to have an infrastructure that gotes information and knowledge exchange amongnallved
parties [2].

Communication is a crucial element, allowing depels to know the state of tasks and resourcesdtiéties of
other team members, and so on. According to [3, ¢dbmmunication has been assuming important role to
thedevelopment of software, where the bad commtiaicar the lack of it canput in danger succesthefprojects.
However, when software development involves gedgcafly distributed teams, communication is mor#idilt
than with collocated teams [4]. In this case, thetipipants are much less likely to have unplanoedtact with
other sites due to absence of face-to-face, hallamag lunch conversations [5]. The lack of this cwon sort ofpoor
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socialization and other factors may reduce trustragteam members [6], bringing losses over the comication.
Thus, members of a virtual team tend to be lesdymtive due to feelings of isolation and indiffeceri7].

DIiSEN is a distributed software development envinent aiming to provide tools and services to suppor
coordination, communication, persistence and cajmer in geographically distributed settings. Of¢he goalsof
DIiSEN is to provide meaningful and appropriate infation regarding entities context during artifggtsduction.
Given this fact, DISEN-CSE (DiSEN-Context Sensitimvironment) [8][2]was proposed. DISEN-CSE is a
context-based model focused on providing automafarmationand sharing regarding interactions odogrin
DIiSEN.

During the development of this model, we noticeat tths messages were sent automatically by theoament,
there was a need to reduce possible ambiguitiediattdvays to ensure that individuals receivingsthenessages
have the same semantic comprehension. Junior dledgoes [3] affirm that solutions for communicatifmcused
mainly on the need to define and formalize it. Afpdimg to accomplish this need, we suggested anlagital
model, called OntoDISEN. Currently, in OntoDiSENwvgrsion, the ontology depicts concepts of contdxtua
elements that are represented and shared by tisendization model. The goal of thispaper is to prese
OntoDISENvV1, highlighting the main features oflétest version.

2 Research Methodology

The research presented in this paper is charaetk@s qualitative, of the exploratory type, dividatb three
phases: problem definition, literature review aallison development. The problem definition corsist analyzing
DISEN environment and the GSD domainhaving theeabje of identifying problems arising from
communication. During this analysis, it was idgatfthe need of a representation for informatiohjcv would
make a common semantic comprehension among partisipn the collaborative work. Section 3 descrities
problem.

Concerning the literature review phase, we founthesanodels for information representationand the&inm
features. Among these models are: models basedyratued pairs, logic based models, topic mapsdawodels,
context graphs based models, ontology based m&#{&B]. Analyzing features like expressivenessnfalism,
inference capacity and available tools, the tedmnitpat stood out was the representation basedhtofogies. The
concepts about ontologies and the advantages dffsréhis type of representation model are preskintsection 4.
Furthermore, research has been conducted to seardles that are, somehow, related to the objextdfethis
research. The results of this step can be fourgkation 5.

Finally, the solution development phase consistetthé design of an ontology for DISEN environmdrite goal of
this ontology is to allow that all individuals régieg automatic messages have the same semantigrebension of
what is being informed, regardless of their geolgiapocation. Furthermore, the ontology facilitatesntextual
information processing, inferring the actions tltain be performed, according to the context reptederto
disseminate the right information theappropriatewEye ontology developed in this phase, the staksrt for its
definition and the main features designed in theeru version are presented in Sections 6 andsperively.

3 Background

This section presents the background and relevareptsin which this paper is based. We bring at sliecussion
about awareness and context definitions and a présfentation of DISEN environment and DiISEN-CSHEeho

3.1 Awareness and Context

Trying to reduce the communication gap among gegducally distributed teams, researches are condutie
increase their awareness [11]. Awareness repregbetefore, an understanding of the activitie®thiers, which
provides a context for your own activity [12]. tibjective is to allow a group of people workinglabbratively to
realize how and which of their contributions arkevant to the group activities [11].

When dealing with Global Software Development, pigsical distance requires that toget to the cbutions of
other group members it is necessary to know not tiré object of cooperation, but also the way irichtit was
produced [12]. This information reflects the comteomprised by the circumstances that are suriagrattivities
development.

The application of context to support the awarehessbeen widely discussed in recent years; howthexe is still

no consensus on its definition, as on each domaa #here is a different understanding of the taotording to

specific interests, as canitbe observed in [1Bthls paper, the definition used was proposedldy, jwhich states

that “the context of an interaction between an aged an application, in order to perform a tasksists of a set of

instantiated elements that characterize the esifiresent in application domain and which are n¢edesupport
2
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task performance”. It is important to highlight tmelationship between awareness and context. Awaeen
mechanisms are focused on sharing information aheutollaborative object.

In this respect, context-sensitive systems havamtdges over traditional systems, as it offersathility to manage
(acquire, represent, store, process and sharelkdhtext of actions that occur in the workplace. Whee
information is automatically shared — as on nadfficn mechanisms — it is important to be awareéhefdontext in
which they were generated in order to provide dhbyinformation that is relevant to the contextlw user. This
feature reduces the information overload, increttseselevance and comprehension of the messaggtfacilitates
coordination among team members.

3.2 DISEN and DISEN-CSE

DISEN is an environment that aims to provide totds support persistence, information management and
communication and cooperation among geographidadiiyributed team members [15]. Many works have been
developed in this environment, as mentioned in[irkjluding: project management tools, requirememntsleling,
version management and modification, and commuinicaupport tools.

A context based model for information sharing wasppsed by[8]. The goal of this model, hamed DiSESE

(DISEN-Context Sensitive Environment), is to in@edhe awareness of project members about actiabotcur
in the environment and share these informationraatiwally, according to the context that involvhede actions
and the individuals influenced by them.

DISEN-CSE model has four essential elements: Cabuipport, Context Representation, Processing $Suppd
Awareness Mechanisms. The model also has a reposisponsible for storing context information. Gap
Support isin charge of recognizing context charmmsirred during task execution. These changes eaabtured

by human agents or software agents. Context Regetam deals withmapping information coming frorap@ure
Support to a formal representation model — basedntologies — and relates them to other informadieailablein

the repository. Processing Support correspondedsoning mechanisms,it is able to infer contextufarmation
implicit on that captured beforehand, and fix pdssibconsistencies, based on existing relationshipng sets of
info created by Context Representation. Finally, a#eness Mechanisms are responsible for identifying
(automatically) the workspaces interested on tharination, the methods that can be used to shom #edalso for
spreading them to workspace instances, using corngation infrastructure.

Differences raised by physical distance can affetividuals’ comprehension about shared informatibime impact
is that, information about the way collaboratiorjegts are produced by distant teams, may presebigaity or
lack of clarity, what would cause fails or uncemtgion software development. The solution propdsefB] was to
include in DISEN-CSE an element responsible foregsenting those information, based on an ontolbgicaiel,
promoting appropriate and uniform context inforroatspread.

4 Ontology

The term ontology came up in philosophy, to descthings in the real world. In the last years,chiaved space
upon computer science areas — artificial intellggeand computational linguistics. In those ardasnost accepted
definition for the term was made up by[16], whotasathat an ontology is a formal specification of explicit
conceptualization. Conceptualization, in this cas@responds to an abstract and simplified visibrthe world
wanted to be represented. According to[17], anlogtodefines a common vocabulary for individualssgstems
that need to share information about a domain. NB&kess, according to [18], an ontology is not misocabulary

or taxonomy. More complex ontologies include axiothat raise complexity upon relations, concepts and
restrictions, offering the desired interpretatiorthiat domain. In this paper, the definition useshe one proposed
by [16], once OntoDIiSEN goal consists in representformally and explicitly, the existent concensDiSEN
environment, offering semantic meaning to thesecepts and, consequently, reducing ambiguities and
incomprehension.

An ontology is a set of entities, also called cquser classes, that represent the domain confEfitend can be
hierarchically organized. Entities have propertighich correspond to features and attributes dieastribe them.
Moreover, these properties may have restrictian@drease the precision of the specification. Eauity has a set
of individuals, which represents the concepts msta. Thus, each individual has the same propeaies
restrictions as the entity it belongs to.

When an ontology assumes a fundamental rolein afication, it is classified as an application ootp} that,
according to the classification proposed by [1Pkdalizes the ontology concepts for that applisatidepicting
concepts related to activities performed on its dimmAccording to [20], the motivations on usingalagies are:
sharing common knowledge about information strigsttamong humans or software agents; analyze domain
knowledge; and allow the use of inference mechasitemeason over different contexts.
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5 Related Works

There are many techniques used to represent angutae contextual information on different domaireas
[9][21][10]. Checking the literature it is possiliie observe a convergenceon the use of ontologiesrstitutethis
kind of information. However, most of the proposflsus on other domains, mainly on ubiquitous aad/asive
environments with physical sensors. Some studi§f@2P24][25][26]presenting ontologies as meansrépresent
information for software engineering and GSD domaéare found, but they are not used to representpanckss
contextual information.

On ubiquitous and pervasive domain, we can find t&dnManaging Framework [27], a pervasive computing
framework that uses an ontology based model to eythe context in order to share information amorabite
devices/applications. LOTUS [28] is a plugin-baseiddleware to support pervasive application develept with
support to acquisition, representation and infezesfccontextual information,which are representgaiy ontology
based model. SOCAM [29]is an architecture that edgpthe construction of context sensitive serviéas
pervasive computing settings that uses an ontolmgged model todenotethe context and infer actionbet
triggered. CoBrA [30] proposed an agent based tactire to support context sensitive systems ialligent
environments that uses ontologies acting in bebfifie structure of knowledge acquired by physicaisers,
software agents and via web.

On CSCW (Computer Support Cooperative Work) domaincan find a related study presented by [31] that
proposes an approach, based on ontological moaleish is devised to help the developer of an olz@m system

for a groupware application to structure and reagsdr actions. Their proposal is based firstly nroatological
model that describes the collaborative work proeeds be carried out. Secondly, a set of descsjstarsed for
recording in real time the actions performed byubers through user interface components. The wditsen system
subsequently captures the actions accomplishedguhia work process and records them in log docusnent
Althoughit brings a way to capture information omogpware applications, the work presented by Duape his
colleagues are not focused on GSD specific issues.

On software development domain in general, ontelogre explored in several researches. Falbo [824broposed
ODE, an ontology-based and process-centered s@ftsarelopment environment. Silva and Barreto [38kented
an approach to support model oriented softwareldpweent, which allows developers to bothdescribe eerify
domain properties at run time. The ontology is usedpecify domain properties that are translate@dgpect-
orientedcode to in order be automatically mergethaimplementation. In [34], the authors used logfies and
Web services to extenda framework of componentshéo domain of content adaptation, whichfacilitathe
development of software based on reuse in confexbiguitous computing. Lima [35] inserted a domairtology
in the software development process to allow trbitigaof artifacts.

Regarding the use of ontologies within GSD domg@]presents a framework based on previous gemeoidels
for requirements elicitation processes, which fesusn predicting problems and proposing differératsgies to
avoid or decrease their impact on GSD project perdmce. They use ontologies in order to facilittie
communication during requirement elicitation praced/ongthongtham et al. [23] propose an approaah ubkes
ontologies as part of a communication framework rfarlti-site distributed software development enmirents.
They organize software engineering concepts, knigde software development methodologies, tools and
techniques into an ontology and use it as the Hasislassifying the concepts in communication réfiiyy enabling
questions, problem solving and sharing solutiorettgyment and knowledge to be shared between nitdtteams.
Wongthongtham et al. [24]have analyzed softwarenemging ontology as knowledge and data warehoufing
multi-site software development settings, usingabemunication framework presented in [23]. In Ebpntology
model of software engineering to represent its Kadge is presented. They have analyzed the cheasdicte of
software engineering ontology and defined graphigahtions of modeling software engineering ontglag an
alternative formalism. Silva e Fantinato [36] calesithe use of ontology as a resource to supperdéfinition of
electronic contracts for inter-organizational prges in GSD.

Zhao et al. [26]provide a survey and a classiftratin ontologies developed for software engineemgpreviews
the current efforts on applying the Semantic Walh@ues on different software engineering aspactsphases.
They provide as result a comprehensive view oncilmeent approaches proposed for software engirggebin

presenting which area has been fully covered anidhaiias not. Although presenting an extensive mewié the

state of the art and a classification on the userwblogies and semantic web on different aspettsotiware

engineering, they do not present or analyze anglogy to represent GSD information, neither to esent
contextual software engineering information.

6 OntoDISEN

OntoDISEN is an application ontology, developedc#ffimlly for DISEN environment, on GSD domain. Taere
several methodologies that aim to conduct and stigpe construction of ontologies [37]. However,neois
4
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considered a development standard. The methodalegg for the construction of OntoDISEN correspotadan
intersection, based on [38], of the steps followedtudies in the literature. This intersectionsuiee approaches
proposed in [39] and [17] in a complementary walge Tirst one defines the methodology phases anddbend
approach supports the conceptualization processe Metails about the methodology can be found 8j.[3he
development of this ontology was based on the \oflg items:

* Domain definition: Global Software Development Environment;
e Application definition : DISEN environment;

* Main goal definition: unambiguously represent the information relatethé action context of individuals,
locals and tools of a GSD environment, more speadifi, DISEN;

« User definition: ontology users are the users of DISEN environneais, services and software agents
available in the environment;

« Resources definition modeling tool (Protégé 4.0 [40]) and modelinggaage (OWL-DL [41]).

Once it had been planned, the next step to buddttiology was the knowledge acquisition. So, it wacessary to
acquire (from different knowledge sources) relevaribrmation regarding action context compositidBSD
domain; and features of DISEN. The techniques disethis acquisition were: brainstorming with DiSEiXoject
members, who are familiar with the business rul¢hefenvironment; interviews with experts (projeabrdinator
and two professors responsible for the developroétechnologies for DISEN environment); formal textalysis
containing DISEN information (thesis, graduationnmographs, technical reports and papers publishedriference
proceedings) as listed in [15].

Based on knowledge acquired from these sourceslefieed the competence questions, representingriée that
the ontology needs to answer, facilitating the pescof concepts definition. To define these questithe study
focused on the elements that help defining theecapthich are: location, identity, activity, timedpresence; and
the awareness elements (who, what, when, where, amigly how). In addition, questions are focused aeeth
environmental resources categories: users, loocalsals. Examples of these issues are:

* User. Whereis the user logged in? (local); Which raless the user play? (identity); What tasks does the
user perform? (activity); What is the status of pineject? (activity); When has the user startedmgleted
an artifact? (time); Which users of the same pttagee logged in? (presence)

e Tool: Which of the workspaces is the tool installed {fhdcal) What kind of artifacts does the tool
generate? (identity); Which project includes the o$ this tool? (activity); Who is using the toadw?
(presence)

* Local: Who is Online? (identity); How long is the localailable? (time).

Besides the competence questions, we designedcamtoal map (Fig. 1), aiming to facilitate the ursti@nding
regarding the relationships among the conceptdiféehduring the stage of knowledge acquisition.

Based on the semantics described by the knowledgaisition, we transcribed concepts and relatiqrstas

entities and properties, using OWL-DL language Bnotégé tool. In OWL, properties are classifiedbbgct and
data properties. In the object properties, a @hatiip between two entities is created, a range €tttity that owns
the property) and a domain (possible values foptioperty). In the properties of data, domain isatentity, but a
data type, such as string, char, integer, datat,flamong others. The following figures show, respely, the

entities set (Fig. 2), data properties (Fig. 3) abgkect properties (Fig. 4) of OntoDISEN. Below describe some
of the main entities and their properties (the tlage described in [8]):

« Resour ce: human resources, technological resources or supgspurces (office supplies, for example)
that can be allocated to participate or to be useda project. It is specialized iffool ,
Physi cal Resour ce, Local andUser . It presents as data property the attritanai | abi lity. It
is domain of the propertjasResour ceSt at us, which indicates that all resources have a statbs.
resource status is defined by the erf@sour ceSt at usVal uePartiti on;

e User: specialization oResour ce, theyare individuals who have access to the enment, thus they
can be allocated tBr oj ect s, in this case, specializedRar ti ci pant s. Its data properties anane,
passwor d, | ogi n, cost Per Hour andenai |l . A User works in a placei(sl nAPI ace), he/ she
can be responsible for the operation of a looaln@gesLocal ), download and install tools on his/her
workspace and accesses the environment by usirgkspace {ccess\Wr kspace).
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Figure 1: Main concepts and relationships of OntoDISEN

is (umpused of

Tool : specialization oResour ce, it consists of software tools that can be inethidind used to create
artifacts. It has a&oncept, which indicates its purpose, a last update dapeldt eDat €), vendor
name, pl atform size and version. A Tool can generate artifacts of a particular type
(generat esArtifact O Type), it can depend on another tool for its operaf@pendsOnTool ), it

is available in a tools repositora\ai | abl eAt Local ), can be installed in workspaces and used by
usersinst al | edl nWor kspace).

Local : specialization oResour ce, theyare hardware devices and machines that pragdvices to the
environment, for example, to work as a repositdrgata, artifacts or tools, to connect to worksgate
interconnect servers. Each local has a configuraimcal Confi gur ati on); a user responsible for
ensuring its availability rfanagedByUser) and must be available at a physical place
(avai | abl eAt Pl ace). A local can be a repository of artifacts or todl ocal HasArti fact,

| ocal HasTool ), and can have physical resources used by a prjas Physi cal Resour ce) (for
example, a print server). Users access the enveahnby connecting their workspace in a local
(hasWor kspace).

Wor kspace: area that contains locd#lrti f acts andTool s thatUser s handle to do their job. A
Wor kspace is active ¢onnect edToLocal ) when it is loggedgccessedByUser ) and belongs to
the user who is logged into it. A workspace canehawpies of artifactsnpr kspaceHasArti f act),
working as a local repository, so users can motligy artifacts. Additionally, it can have install&zbls
(wor kspaceHasTool s).

¥ Th|ng v @ Resource V- @ ValuePartition
Artifact : Local b ArtifactStatusValuePartition
ArtifactType PhysicalResource »- ( File StatusValuePartition
File S Tool »- @ KnowledgeLevelValuePartition
Knowledge V- . User b ProjectActivity StatusValuePartition
LocalConfiguration & Participant »- @ ProjectPhase StatusValuePartition
PhysicalResourceType Role b ProjectStatusValuePartition
Place - C skl »- @ Resource StatusValuePartition
Process - Task »- @ skillLevelValuePartition
ProcessActivity - @ TimeZone »- @ TaskStatusValuePartition
ProcessPhase -~ @ Training b @ TrainingLevelValuePartition
Project UserKnowledge »- @ VersionStatusvaluePartition
ProjectActivity - 2 Userskill Version
ProjectPhase - @ UserTraining - @ Workspace

Figure 2: OntoDIiSEN classes
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-~ EEplatform - utoolVersion

Figure 3: OntoDISEN data properties

~mmaccess\Workspace
~mmaccessedByParticipant
~mMaccessedByUser
~WMacquiredByTraining
~mavailableAtLocal
WEartifactAvailableAtLocal

mtoolAvailableAtLocal
~mavailableAtPlace
- Elpelongs ToArtifact
~-ElpelongsToTask
~EconnectedToLocal
~mdependsOnProcessActivity
~mMdependsOnProcessPhase
- ldependsOnProjectActivity
~EMdependsOnProjectPhase
~EldependsOnTask
~EldependsOnTocl
~EadrivenBy
~madrivesProcess
- EMgeneratedByParticipant
~EMgeneratedByTool
- EMgeneratedinATool
~EMgeneratesArtifact
~mmgeneratesArtifactOfType
~mmgeneratesVersion
V- ®mhasArtifact
- mmlocalHasArtifact

- maworkspaceHasArtifact
--mmhasArtifactAccess
~-mahasArtifactStatus
--mmhasCenfiguration

mphysicalResourceAvailableAtLocal

--#hasDependentTask

- hasFile

- #hasFileStatus

- hasKnowledge
--#hasKnowledgeLevel
--IMhasParticipant
--MMhasPhysicalResource
--MlhasPhysicalResourceStatus
~-MlhasProcessActivity
~-mhasProcessPhase
~-EhasProjectActivity
~-mhasPrejectActivity Status
~-mhasPrejectPhase

-~ hasPreojectPhaseStatus
~-mhasProjectStatus
~~mhasResourceStatus

- Elhas Skill

-~ mhasSkillLevel
~-mhasTask

-~ mhasTaskStatus
~~#hasTimeZone
~hasTool

localHasTool
'workspaceHasTool
~-®8hasTraining
~-hasTrainingLevel
~"hasUser

- mknowledgeHasUser
~-maplaceHasUser
--mmgkillHasUser

- mmtrainingHasUser

:------workspaceHasUser

~-EhagVersion

-~ mhagVersionStatus
~-mmhasWorkspace
~-mMinstalledinWerkspace

HisIinAPlace
H|ocallsinAPlace
myserisinAPlace

- mljsinWorkspace

- mmjsOfAPhysicalResourceType
~-mmjsOfAnArtifactType
--mmmanagedByUser

- mamanagesLocal
~-mmnecessarylnProject
~-mmparticipatesinAProject

- mperformedByParticipant
~-mperformsTask
~-maplaysRoele
~-mmproducedBy
~-mproducesArtifact
~-mprovidesknowledge

-~ marequiresKnowledge

- marequiresPhysicalResource
-~ marequiresRole

WErequiresskKill
mrequiresTool
mrespectsTimeZone
musedByUser
®usedinTask
MusesArtifact
WusesTool

Figure 4: OntoDIiSEN object properties

Pr ocess: a set of predetermined actions that must bevi@tbfor the development of a software product.
It hasnane, descri pti on andver si on. Processes are used to drive the projelits YesPr oj ect)
and are composed of phaskagPr ocessPhase).

« Proj ect:aninstance of Br ocess that includes specific details of process exeautinich as objectives
to be achieved, deadlines and goals to be reatthledsnane, descri ption, estinmated start
and end dates, actual start and end dates. A project has participants allocated to it
(hasPartici pant), is composed ofprojectPhases (hasProjectPhase) and has a
proj ecSt at us that indicates whether it is in planning, ongoilmgmpleted, canceled or suspended
(hasPr oj ect St at us). The project must be driven by a procedsi(venBy), respect a time zone
(respect sTi meZone) and — for its implementation — will require paipants who are skilled and
expert at it {equi resSki |l |, requi resknow edge). The difference between skills and knowledge
has been defined, for DISEN environment, by [42].

After creating entities, object properties and dataperties, each entity was formally defined usandescriptive
logic to introduce constraints. As an example, weided thatin order for an entity to become a itsernecessary
and enough that this entity accesses a workspatkare a login and password. Moreover, we decidadat user is
a resource that manages a local, is in a locak as®ol and has only these characteristics. Taigiton is
presented in descriptive logic, as:

User == 1 accessWorkspace.Workspace 1N = 1 login.String N = 1 password. String

User E Resource N ImanagesLocal.Local N
= 1isInPlace.Place N JusesTool.Tool N YaccessWorkspace.Workspace
N VmanagesLocal. Local N FisinPlace. Place N VusesTool.Tool

7
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7 OntoDISENv1

DISEN-CSE model, to which OntoDISEN was designed ffooposes that the information captured by senaoe
represented —to improve semantic comprehensiord-tre@m submitted to a processing step. From thisgssing
step it is expected that new context informatioa anferred, or ambiguities are solved. After preieg the
information it is ready to be disseminated throagtotification mechanism available on DISEN envimamt[43].

OntoDISEN plays a fundamental role on this proc@smain criterion to choose an ontological modetdpresent
the context was the ability to infer new informatifsom it. Thus, after the original definition, nes@ncepts were
inserted in order to include two important featuttest allow the use of the ontology as the reprasiem model of
DISEN-CSE:action mappingand amended context registratiohese new features led OntoDISEN to a new
version called OntoDiSENv1.

The changes made to the ontology were dividedthree super classes. Everything that was alreafilyediein the
first version of OntoDISEN was classified @ent ext . Additionally, Act i ons and AnendedCont ext were
defined to accommodate, respectively, the actibasdan be performed within DISEN; and the coniieidrmation
that was acquired by the sensors more recentlysélhew classes are detailed in the following sulmsec

7.1 Context

The main goal of OntoDISEN, since its creationtoigprovide a way to represent DISEN environmenttextual
information. Given this, every mapped entity helgemposing the action context that can occur intis th
environment. To highlight this feature, the ensti@ the original version of the ontology becamsuaclass of
Cont ext . Thus, the superclaghi ng has only two subclasseGont ext andActi on. This made it easier to
sort out the elements that compose the contextaatioins that can be performed according to thateoa.

When classes were migrated, other adjustments mee aiming to improve the entities definition inr@ext.
Among these adjustments, the most important waseim@val ofVal ueParti ti on classes. Value partition is a
design pattern that aims to refine the definitiba alass. Value partitions were used in the OnB&N first version
to classify the status of other ontology contexssks, such as: File, Artifact, Project Activitypject Phase,
Project, Resource, Task, Release, Knowledge, #bditd Training. Each class was associated with laeva
partition. For example, the status of a project bendefined as: canceled, completed, ongoing, pignor
suspended. These statuses were defined as suBctd$3eoj ect St at usVal uePartiti on class. However,
these subclasses have a very small granularityauseceach of them represents a single individaalthts reason,
we replaced the value partitions by classes cangimdividuals representing each of the conteassés statuses
listed above. The figures below show the ontologyPootégé tool, presenting how we classified thssds (Fig. 5)
and properties (Fig. 6) in OntoDISENv1 after subhrges.

7.2 Action

As mentioned before, the context information pretes proposed in DISEN-CSE model is related to the
dissemination of this information in an approprietgy to DISEN usersict i ons, in the context of this study, are
DIiSEN services that can be invoked to send therimfition to its destinatiorAct i ons can be, for example, pop-
ups, e-mails or tool update services. These actomslescribed in the ontology as subclasség bf on (Fig. 5).

At first, we divided\ct i ons into Message (Synchr onousMessage and Asynchr onousMessage) and

Updater classes. For the examples cited, email and popane, respectively, instances of
Synchr onousMessageAsynchr onousMessage, and directly represent these services availabl2! SEN.
v @ Thing TestingKnowledge v ®User
v @ Action - @Level ‘@ Participant
v Message - @ KnowledgeLevel ResourceType

- @ AsynchrencusMessage
SynchronousMessage
@ Updater
- AmendedContext
v Context
- Artifact
ArtifactType
- File
v- @ Knowledge
- @ AnalisysKnowledge
¥ @ CommenKnowledge
- @ CulturalKnowledge
LanguageKnowledge
DevelopementKnowledge
ManagementKnowledge

- @ skillLevel
@ TranningLevel
LocalConfiguration

-@'Phase

- @ProcessPhase
- ProjectPhase

‘@ Place

Process
ProcessActivity

-©Project
- ProjectActivity
- @ Resource

@ Local
MaterialResource
@ Tool

Role
Skill
D status
- (0 ArtifactStatus
FileStatus
ProjectActivity Status
ProjectStatus
ResourceStatus
TaskStatus
- @VersionStatus
- Task
TimeZone
Trainning
Version
-~ @Workspace

Figure 5: OntoDISENV1 classes
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7.3 Amended Context

To assist the information processing, as proposdgle model DISEN-CSE, it is necessary to know Wtaatities
were modified since the last information processifite clasfAnendedCont ext was included to represent these
modified elements. Individuals of this class représall properties belonging to subclasse€amfit ext that were
added after the final processing. After the usehaf information, all instances @frendedCont ext class are
released from OntoDIiSENv1. This ensures that,dfe¢hare individuals in this class, they repredemtatest changes

that have occurred in DISEN context.

maccess\Workspace --mmhasConfiguration misinPlace
--MaccessedByUser ~-#@hasContent misinWorkSpace
~-mmacquiredByTrainning EhasDomain --MisManagedByUser
--mmassignedForParticipant ®=hasFile - mmisOfArtifactType
EEavailableAtLocal ~-MhasFileStatus - s SKillFrom
®availableAtPlace ~-#@hasimage ==madeBy
--belongsToArtifact b--®hasKnowledge =managelLocal
--mmbelongsToTask ®=hasNativeLocal -~ managedByUser
--mMconnectedToLocal ®=hasParticipant -~ @managesLocal
mdependsOnProcessActivity ~~™hasProcessPhase - mmoffersknowledge
mdependsOnProcessPhase - mhasProjectActivity -~ EparticipatesProject
--dependsOnProjectActivity -~ "hasProjectActivity Status = performedByParticipant
--madependsOnProjectPhase ®=hasProjectPhase ~-performsTask
--EldependsOnTask EhasProjectStatus --playsRole
= dependsOnTool - mhasResource - marequiresKknowledge
mdrivenBy - mahasResourceStatus - marequiresMaterialResources
--mmdrivesProcess - mmhas Skill mErequiresRole
--mmgenerateArtifact ~mhasSkillLevel ®requiresskill
- MgeneratedByTool ®hasTask --arequiresTool
mgeneratedByUser - hasTaskStatus - arespectsTimeZone
WgeneratedinTool - hasTimeZone p--mmsend
--mgeneratesArtifactOfType -~ EmhasVersion msspeaksLanguage
--mMgeneratesVersion -~ mmhasVersionStatus mysedByUser
--mmhasArtifact m=hasWorkspace -.miysedinTask
~-mMhasArtifactAccess MinstalledinWorkspace --mayserlsinLocal
EhasArtifactStatus - mjsInLocal -.mmysesArtifact

Figure 6: OntoDiSENvV1 properties

7.4 OntoDISENv1 impact on DiISEN-CSE model

The ontology presented here was proposed in oodsupport the representation of information, aseméed on
DISEN-CSE model. The ontological model was chosengng other reasons, because of its inference itiapab
assisting in information processing. The followifigure (Fig. 7) shows the relationship between Oi&&EN and
DISEN-CSE model.The figure (Fig. 7) shows the eletmdhat compose DISEN-CSE. Note that OntoDISENv1
relates directly to the Context Representation BRmatessing Support elements. Into DISEN environmigatse
elements consist of software agents which, respdygti manipulate the ontology — ensuring the intggof their
information — and execute the parsing rules torinéav information from the context represented lydDiSENv1.

A .
Infermation
Dissemination

Awareness
Mechanism

OntoDiSEN v1

Contextual
Information

h A
Capture
Support

hd
k/ Context
E; Representation
=
Repository ¥

Processing
Support
IDISEN-CSE Model

Figure 7: Relation between DISEN-CSE and OntoDiSENv1

The dynamics of the model occurs as described Mgken a change occurs in the DISEN environmentecont
information sensors (represented by Capture Sumbement) retrieve data about the changes andtse@dntext
Representation element. At this point, a softwayenareceives the data, includes the changes inrttadogy and
registers new properties iAmrendedCont ext class. For example, suppose that a project rezeivenew
participant (contextual change). A new propehtgsParti ci pant betweenPr oj ect class (domain) and
Parti ci pant class (range) is created. In addition, two mormepprties are created: (ilasDonai n property,
linking a new individual that belongs farendedCont ext class tdPr oj ect class, indicating that ther oj ect

is the domain ohasParti ci pant property in the new context; (ii) andh@sRange property, connecting the
same new individual frommendedCont ext , toParti ci pant class, indicating that thear ti ci pant class
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is the range ofhasPartici pant property represented in the new context. Thus,ivigdals in
AnmendedCont ext class, represent all the properties that weredhdéter the last processing.

Once represented, information is ready to be psmtksA software agent, that is in charge of thenelt Processing
Support, is notified of the changes. Then, the logyp can be queried, to retrieve the individuals in
AnmendedCont ext class. Based on these individuals, the softwaesitagueries a file containing the logical rules.
Each of these rules has an antecedent and a ceméegthich are collections of one or more ontolpggperties.
The antecedent represents the current contextealaso. The consequent represents the scenariorthst be
inferred from the available information. Both argdents and consequents of a rule can be any optplogerty,
but the resulting rules defined are properties teédte to individuals ofAct i on class. This happens to meet
DISEN-CSE goal of transforming the contextual imfiation on notification actions. Thus, when an izl of
AmendedCont ext class satisfies any antecedent, a predefinedraatiost be inferred. The inference of new
actions is the creation of individuals of thet i on class, completing the process of representatidrpamcessing.

After that, Awareness Mechanism element performesatttions inferred and represented in the ontologypking
the DISEN services remotely. According to DISEN-C®Bdel, these actions contain information thafirglly,
disseminated. Details on how the disseminatioreifopmed in DISEN environment can be found in [43].

8 Final Considerations

In this paper we have presented OntoDIiSENv1, aricgbipn ontology for DISEN environment. The inltia
motivation for its development was the communiaatitfficulty in a GSD environment, which is influeed by
differences in language, culture and time zone. déf@nition of an ontology aims to incorporate fhérmation
dissemination model DISEN-CSE, a representationrg@duces the ambiguity in the messages sent thrBiGEN
environment to project participants, allowing aldividuals to have the same semantic understarafinghat is
being reported. After the formalization of domamokvledge - through the ontology definition - sonharges were
made permitting its use to share contextual infdiona according to DISEN-CSE model. These changddd the
current version of the ontology.

The main contribution of this paper is providing @mology that represents the context of a distebsoftware
development environment, allowing contextual infatimn processing in order to infer actions to suppeers. By
using this ontology, in association with the impéartation of DISEN-CSE model, users can receiveriéion
about actions of other dispersed team members effaetively, reducing the communication gaps. Tikiachieved
once this ontology provides the following specdantributions:

e contextual information that is disseminated by INSESE model has semantics uniformity, due to the
information formalization in the ontology, befoneyanotification action ;

e the ontology represents the current context ofetméronment, and is also able to represent the gdman
since an earlier moment. This facilitates informatiprocessing, ensuring that only the latest cantex
changes are considered when inferring new infoomati

The information dissemination model DISEN-CSE isngeimplemented as an agent-based mechanism. This
mechanism is the owner of the software agents rfetipulate and use OntoDISENv1 information to cagptu
represent, process and disseminate contextuahiation. The mechanism is currently being tested\atidated.
When results are obtained, it will be possiblevalgate the use of ontology in a GSD scenario. Tihwgll be also
possible to explicitly demonstrate the benefitaugia by its use. These results will be published fatture time.

A limitation of this research is regarding the défon of inference rules. Initially, all rules areritten with an
action as a consequent. This condition, howevessdwt constrain the use of the ontology. Rulesbeanreated
using any concepts as consequent, since the coiscetpped in the ontology. Eventually, rules thatnot infer
actions will be modeled to evaluate the behavioagénts that manipulate the ontology. Another Atioh of this
study is that OntoDIiSEN was developed specificBilyDiSEN environment, which limits its reuse omet GSD
environments. Thus, future studies involve the galimtion of the ontology to involve knowledgeated to GSD
environments as a whole.

We are also preparing activities to conduce expamial studies for this research, specifically ssitaitity studyin
academic community. In this type of study dateakected according to some experimental desighfiducontrol
over all possible variables is not achieved. Rugsitudies in theclassroom allows new concepts tie$ted before
using themwith expensive developers from indusi4j.[ This approach will be important to refine gesearch.
The objective is not to find a definitiveanswer hatbuild up a body of knowledge to check the feidisy to
continue the study, generating new hypothesis eragiproach and its utility.

This study will be carried out according to theqass described in [45], considering the followicg\aties: Study

Definition, Planning, Execution, Analysis and Packin the Study Definition activity, we will definthe main

goal, measuring goal, study goals (using the Gamsflon-Metric approach) and the questions to Isevared.The
10
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Planning prepares the study taking into accounpothesis formulation, context selection, variabsesection,

participant selection and project under study. Wk wee two surveys: one with questions regardiagtipipant

profile; and anotherregarding the work under evidnaDuring Execution activity, both surveys wilkk applied on
a classroom, to students that present knowledgbeononcepts related to Global Software Developrdentain. In

the Analysis and Packing the data collected wilhbalyzed using Chi-square statistical test. Thaltg obtained on
this experiment will be further published.
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