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Abstract — In Distributed Software Development, the adoption
of globally distributed software development teamseduces cost
and development time. In order to meet such benefit it is
important to find teams with specific technical ba&ground,
required for implementing software components and radules that
constitute software products. In such a context, its a key aspect
to contrast technical background of development teas against
specified technical requirements for implementing he software
project, making it possible to select the most skdd teams to
develop each software component and module. Hendhis paper
proposes, implements and evaluates an applicatiomimlogy to
support selection processes of distributed develommt teams,
which are technically skilled to implement softwaremodules in
distributed software projects. As main contribution, experimental
results show that the proposed ontology representsd formalizes
an extremely complex problem in a systematic and rtctured
way, allowing its direct or customized adoption inselection
processes of globally distributed development teams

Index Terms — Ontology, Distributed Software Development,
Knowledge Representation and Inference, Selectiorrétess.

[. INTRODUCTION

[31[4][5]-

Consequently, in order to get the benefits of DS,
should identify development teams with specificllskand
technical knowledge required for the developmens®feral
software components and modules that compose thease
product. In this context, it is of utmost importarto compare
the skills and technical knowledge of the candidate
development teams against the technical requirement
specified for the implementation of the softwar®ject in
order to become possible to identify those that e@e
gualified to develop each one of the software camepts and
modules.

Nevertheless, considering the geographic dispersion
involved in distributed software development prtgedt may
become difficult for the project manager to perfothe
evaluation of the technical skills of the candiddéxelopment
teams, because, in most cases, the project madagsrnot
develop any full-body activities with the teamsying neither
direct personal contact nor drinking fountain tgl&s Hence,
it may be difficult for the project manager to geecise and
up to date information on the skills and technicadwledge of
the members of the remotest teams, given that dohea

N the last decades, Software Engineering has beeommunication mechanisms based on documents or data

searching for methods, techniques, processes atsl tiw
increase productivity and improve the quality ofoguict
development proportionally to the fast evolution tfe
hardware industry. With this goal in mind, sevesaftware
development approaches have been proposed by aeaaiedn
industry. An emphasis is due for the DistributedtBare
Development (DSD) approach, which favors the adwopof
globally distributed software teams to develop congnts or
modules of the software products, decreasing theldpment
cost and/or time due to the hiring of cheaper wakim
different locations, allowing for a fast team fotina as well
as the adoption of the 24 hours development syygfegow-
the-sun [1][2]. Besides, DSD makes it viable to find gtiad
workers and domain specialists in third-party teameven in
subsidiary or branch teams in companies with glpbasence

repository do not react in such a fast way as tiferrinal
communication mechanisms.

Besides, even in the cases where the project makagess
a bit about the skills and abilities of the cantidgeams, in
large software projects the task of selecting tearag still be
very complex and subject to evaluation errors, bsea
different candidate teams may adopt different amthiguous
vocabulary and incompatible methods to evaluateideuntify
their abilities and knowledge.

In this scenario, in order to help project managetsct and
allocate teams, a recommendation framework [7] was
developed by the members of tl@@mposeresearch lab,
affiliated to the Informatics Center at Federal \émsity of
Paraiba. As can be seen in Figure 1, this framewamade of
three recommendation phaseg§} recommending software
modules; (i) recommending qualified teams; and
(iii) recommending team allocation.
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technologies that are required to implement thetwsoé
modules;(iii) characterize selection policies that may be used

o §
s 5 1
gﬁ—'* Qs el e e e 7 Sogfx:rr:mzziilgi in software project team selection processes; &wl
5 . p——— : characterize the suitability of the teams to immebtsoftware
Modules o modules modules according to the selection policy adoptedthie
software project.
- Technical evaluation Recommending As main contribution, the results of several experits
. s qualified teams performed instantiating the proposed ontology ire¢huse
g1 Teams x Modules cases, show that th@ntoDDS achieves all the goals it is
_ ' ' i ' :  proposed to meet, modeling and formalizing in aesyatic
= Non-technical evaluation - Recommending : and structured way, an extremely complex probldat, is the
: . . nteamallocation - gelection of technically qualified distributed temmto
Figure 1 — Recommendation framework implement software modules in distributed softwar@jects.

] ) The rest of this paper is organized as follows.tiSecll
The first phase, calledecommending software modules niroduces the main concepts of ontology and dsfitie

intends to gluster components into software modm@gipg development methodology adopted, and also justiffes
dependencies between modules and hence minimizieg Ggiting tool and specification language choice. tiseclll
communication requirements between the distribuaMS | eqents and details the proposed ontology, exptpiall its
that will be responsible for their implementatia8l.[In this concepts and relationships associated to the &mledf
phase, the component clustering decisions are mased on o chnically qualified distributed teams. In ordeobserve the
architectural metrics that quantify the couplingti®en qapijity and applicability of the proposed ontglpection
software components based on their provided andir] |\ yresents a use case. Next, Section V presedtsiaousses
interfaces. the related works. Finally, Section VI presents sofimal

Next, using as input the software modules and émelidate  qngjgerations, identifies limitations 6htoDDSand presents
development teams, the second phase, caledmmending gyme future works.

qualified teamsintends to identify the technically qualified
teams to implement each software module. In ordetat so,
this phase considers the technologies requirednfdeiment Il. DEVELOPMENTMETHODOLOGY
the software modules, as well as the skills andrteal
knowledge of each of the candidate teams relatethdee
technologies.

Finally, based on the technically qualified teaths third
phase, calledrecommending team allocatipnintends to
identify possible allocations of software modulegdams in a

way to minimize inter-team communication requiretaen | hi hv. in which h ol inherit iree i
during the software modules implementation. In thigse, class hierarchy, in which each class inherits prizgze from

non-technical attributes of each team are evaluate%ne or more superclasses. Classes may inat@nces which

considering, for instance, cultural, geographic &mchporal correspond to individual (_)bj_eCtS m_the mode_leq dmmnA
aspects class has many characteristics, attributes andiatasts that
In the context of this recommendation frameworlks gaper are represented by elements cafleperties

proposes, implements and evaluates the applicatibology Each p.:cgperty ha(ljs domilnand ara;ng]{e Wh'?tT <(:jan klaelon?
called OntoDDS whose main goal is to support the selectioﬁ(,) a specifidype and may have a set of permitted values, from

of distributed development teams that are techiyicplalified S'”ﬁp'e types to.class Instances. Propertle§ majiiced mto

to implement software modules in distributed sofava object .propertles and Qatatype properties The —object
projects, allowing for direct or customized appiica in properties are related to instances of one or tagses. On Fhe
development teams selection processes. Henc&nteDDS other hand, the. datatype properties crea_lte a oakitip

ontology is part of the second phase of the recamatgon bereen a class instance ar_ld values of a simpés §yeh as
framework which, as mentioned, is calledcommending tsér;tnsg;;:sdp?g;ne?z;ss' Each instance may have cencattes
qualified teams : '

The ontology here proposed has the following gof)s: Or! the SUb.JeCt of ontology development methodloldg@/:e
characterize the required technologies to implemeath are in the literature sgveral proposgls © .sysnflzmaﬂle
software project module{ii) characterize the skills and construction and evqupon of ontolggle§. Cristanid Cuel
technical knowledge of the teams according to th[‘5].0] present an evaluation and classification eksal of those

As defined in [9], ontology is an explicit formaéstription
of the concepts in a domain, the properties of eamitept
that describe its characteristics and attributgstteer with the
restrictions over those properties.

The domain concepts are represented by elementd cal
classeswhich can adopt the inheritance abstraction ¢ater a
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proposals, providing a framework that can be usedelp
choose the adopted methodology, taking into conaiiba the
phases and their input and output artifacts. Nbetgss, in
spite of the valuable contributions, none of theéhodologies
presented in the literature can be consideredeasdirect one.
Indeed, none of them has enough maturity and, fibverethere
is no consensus on which is the best, the more ledenpr
more adequate that can be widely applicable to domain
and application need.

In this context, given the simplicity of its docuntation, its
ease of use, the large number of tools and itssfaouthe

Determine the domain and scope of the ontology «—
A
Reuse existing ontologies
¥
Enumerate important terms in the ontology
¥
Define classes and class hierarchies
¥
Define the properties of classes
¥
Define facets of the properties of classes
¥

Create instances

Ontology Development 101

construction of ontologies, we chose the methodologigure 2 — Phases of the adopted methodology

Ontology Development 10[B], which defines a very simple

guide based on an iterative approach that helpslcgyi
designers, even those who are not experts, to ecraat
ontology using a specification tool such as Profédé

The methodology Ontology Development 101lwas

Determine the domain and scope of the ontologyn the
proposed ontology, the domain is thepresentation of
distributed software development projecgd, in a more
specific way, the scope ibe selection of technically qualified

developed by researchers that work directly witte thteams to implement software modulesthis phase, it is also

development of ontology specification tools, such the
Protege tool, for instance. Hence, the many phafethe
methodology are fully supported by such tools. Ga dther
hand, even though it is more robust and sophistitathe

important to raisecompetency questionsvhich must be
answered by the ontology to its users, which, i thse at
hand, are the project managers.antoDDS we identify the
questions shown in Figure 3, which may be seenhas t

methodologyMethontologydoes not have as a requiremen@ntology requirements.

tool support to automatize all its phases, whicly mmeake it
more difficult to adopt it in a real case, giverttlthere is a
combination of informal descriptions and
concretization in ontology languages that are dgped in
different phases, increasing the distance betwéen real
world models and the executable systems.

Besides, differently fronOntology Development 10%ome

formal

(i) Which technologies are required to implement the software modules?

(ii) Which are the distributed development team skills in the required
technologies?

(i) Which selection criteria may be used to identify the suitability of the teams
for the software modules implementation?

(iv) Which teams can be recommended to the project managager as technically
qualified to implement each software module?

Figura 3 — Competency questions

methodologies, such &volce, do not focus in the set of steps

that must be followed to build the ontology. Instethey focus
only on the philosophical aspects or on the logigressivity
issues. In other methodologies, such Qibgent, a critical
aspect is the need for several experts with differand
complementary competences, which must be involvethé
collaborative and distributed ontology development.

The methodologyOntology Development 10% based on
seven iterative phases, as shown in Figure 2. imergd
ontology development methodologies may be applisidigu

Reuse existing ontologiesAs can be seen in Section V, the
related works show evidence of the lack of ont@edhat can
be reused in the scope®htoDDS

Enumerate important terms in the ontology Given the
domain and scope ddntoDDS initially we enumerated the
main terms, including the concepts of software uhj
software modules, development teams, required téabies,
selection policies, team recommendation, technogi
requirements, team knowledge and skills, and tesshnical

the top-downor bottom-upapproaches, or even a combinatiorsuitability.

of them [9]. None of those approaches is inherdmlyer that
the others and the judgment depends on the pers@valof
the ontology designers on the domain. In spitehat,tin the
development ofOntoDDS we chose theéop-downapproach
because it favors the control of the detail leweipiding the
excessive details present in thaettom-upapproach, which can
take to more rework, effort and inconsistenciessides
making it more difficult to identify relationshipsand
similarities among different concepts [12].

The phases of the adopted methodology can be erplas
follows:

Define classes and class hierarchie$Ve adopted a&op-
downapproach for the specification of classes, begmmith
the concepts of software project, software modthes make
the software product under development and caralitetms
for the implementation of software modules. Nex¢ kegan
the modeling of the technological requirements toe
modules, allowing us to represent the requiredrteldyies to
implement each software module. Afterwards, we rfextithe
development teams based on their developers. Afteteling
team composition, we modeled the personal skilséweral
technologies and then, the team skills in thoskrelogies. In
the next iteration we modeled the concept of siglegiolicies
with their selection rules. Finally, we modeled theam
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recommendation to technologies and software modules
Define the properties of classesWe performed theop-
down modeling of the classes in an iterative way, addivey
object and datatype properties for each of theseland thus
representing composition and relationship aspect®ng

instances of the classes and keeping in mind that t

knowledge representation should make it possiblarn®wer
the competency questions.

Define facets of the properties of classek this phase we
detailed the data types, the domains and posstliees, as
well as the cardinality restrictions for each clgseperty.
Besides, in this phase we also created the axionautomatic
inference of properties for instances of the clsda an
iterative way, the three previous phases createowput
artifact the ontology OntoDDS which is detailed in
Section Il

DAML+OILD, including a rich set of constructors fahe
representation of knowledge in different expresgievels.
Because it represents an evolution of the otheguages in
terms of legibility, interoperability and expressyy OWL was
chosen as the specification languagedotoDDS

There are several tools to specify ontologies, uiiclg
OilEd, Swoop, OntoEdit and Protégé. In general,basic
functionality, these tools allow for the creatiomdaediting of
ontologies. As a differential, it is desirable tlatool allows
the visual manipulation of the ontology with a drap
interface, abstracting details of the generatiothefontology,
which may be imported or exported into differentédfication
languages. Besides, for the evaluation and vatidatbf
ontologies, it is required the support of logicsksoning.

Considering this set of functionalities, an evahmatof
available tools comes to the conclusion that Peéotkgfills

Create instances In this final phase, we create thepractically all the requirements mentioned abovhictv are

instances of the classes and afterwards, the oljectatatype
properties associated to the classes. The ontabstgntiation
was performed in different software projects in esrdo
evaluate if it satisfies the requirements definadird) its
construction and, more specifically, if it is pddsito answer
the competency questions. It is worth rememberihgt t
Section IV presents details on the instantiatiothefontology
OntoDDS

It is important to point out that the ontology demment
was specified using the Protégé tool [11], whichpsuts the
constructors of the OWL [13] specification
recommended by W3C.

In the literature there are several languages @oid for the
specification of ontologies. Several domain indejeen

language

not always fulfilled completely by the other optiofi4]. More
specifically, the Protégé tool is a platform foe threation,
editing, graphic visualization and ontology validat being
able to import and export specifications in OWL &idF. As
a differential, it also supports different logi@lgines, such as
Pellet and FaCT++. Besides, it has been adopted layge
user community that cooperates in the constanuéweal of its
functionalities. Due to the exposed, we chose ttoeégé tool
to modelOntoDDS

I1l. ONTODDS

In the context of this paper, a distributed sofewvaroject is
composed of a set of software modules that canebelaped

languages were proposed and disseminated to represg 5 set of candidate teams that are globallyibliged.

knowledge, including RDF, KIF, DAML+OIL and, more

recently, OWL.
RDF is a data representation language based on s
allows us to describe information in a structurecyw
providing basic facilities to define domain vocaigs but
with expressivity limitations that make it difficuto execute
automatic reasoning. As an answer to those liritati KIF is
a knowledge description language that is basedesnoriptive
logic and was designed to facilitate automatic oaag, even
if it would become less legible to humans. Besidbs, rich
expressivity of KIF makes its computational comjiiexery
high, turning it not viable to large scale automadasoning.
Seeking to improve expressivity and

legibility,

In order to represent the software project, its nbesl and
the candidate teams, as illustrated in Figure d&,ptoposed
ontology adopts the classes callwjeto (Project), Modulo
(Module) andEquipe(Team), respectively

In Figure 4, the object property calledompostoDe
(madeOf) represents the relationship between pojead
their modules, indicating that a software projectmade of
several software modules. The object prop&tyCandidata
(hasCandidate) represents the relationship betvggejects
and candidate teams, indicating that a softwargeprchas
many associated candidate teams that can impleitsemiany
software modules.

In the conceptual maps, the concepts and relatipnsre

DAML+OILD was proposed as a language derived fr¥ t represented as follows: ellipsis represent theselsectangles

combination of the resources available at the lagga DAML
and OIL, both based on RDF. DAML+OILD can be sesraa

represent instances, blue arrows represent objegefies,
green arrows represent datatype properties and lalaows

thin layer over RDF, with formal semantics based Ofepresent subtypes.

descriptive logic, which increments the expresgiat RDF,
improving on its limitations concerning automateasoning.
In this line of evolution, OWL is considered as wcaessor
language, standardized by the W3C, which incorpsrahe
lessons learned in the design and application efldhguage

1

In order to keep the ontology source code workisgn its original, the
class names and all OWL code will be kept in Parasg.
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ontology adopts the classes calledrojeto (Project),
RecomendacadRecommendation) an&ecomendacaoFinal
(FinalRecommendation).

In Figure 6, the object properties callesnRecomendacao
(hasRecommendation) and temRecomendacaoFinal
(hasFinalRecommendation) represent the relatioaship
between projects and their respective recommenuatio
showing that a software project may have severti¢rdnt

recommendations.

RecomendacaoFinal

Figure 4 — Projects, Modules and Teams

temca”didata

A software project is characterized also by thepsida of
team selection policies, which based on differeitega may
recommend different teams for each one of the newdthat
need to be implemented.

The selection policies present cut points thatbdista a
suitability level that is the minimum for the tearts be
considered adequate to implement the software raedul

In order to represent the projects, their policé®l cut Figure 7 presents the full ontology integrating and
points, as shown in Figure 5, the proposed ontolo@y the expanding the conceptual maps of the previous diguit
classes calledProjeto (Project), Politica (Policy) and should be noted that the classemjeto, Modulo, Equipe
PontoDeCortgCutPoint). Politica, PontoDeCorte Recomendacao and

In Figure 5, the object property calleddotaPolitica RecomendacaoFinahlready introduced by Figures 4, 5, and 6
(adoptsPolicy) represents the relationship amowgepts and now can be seen in an integrated way in Figuren7th® other
selection policies, according to the specific pcojeeeds. On hand, the classeRequisitg Habilidade Tecnologia Pessoa
the other hand, the object propertemPontoDeCorte andRegrarepresent expansions related to the conceptuad map
(hasCutPoint) represents the relationship betweejeqis and of Figures 4, 5, and 6, and will be presented itaitlén the
their cut points, indicating that a software projeas different next subsections.
cut points for each of its possible policies usthg object

temRecome“d

Projeto

te
mRecomendacaoFinaI

Figure 6 — Projects and Recommendations

propertynaPolitica (inPolicy).

naPolitica
&

Figure 5 — Projects, Selection Policies and Cubh®oi

Recomendacao
RecomendacaoFinal

Habilidade

Figure 7 — Conceptual map of tbmtoDDSontology

Considering that the goal of ti@ntoDDSontology is the
team selection process, two types of recommendatare
offered inside the ontology for the selection drtes that are
capable of implementing software modules.

The first type of recommendation is representethbyclass
called Recomendaca(Recommendation) and is characterized |t js important to point out thabntoDDSis described in

by the evaluation of candidate teams accordingéasoftware owL and hence, all the classes shown in FiguresTdafined
modules and the technologies that are requirednfiiement sing the constructaswl:Class For instance, Figure 8 shows
them. Its goal is to identify the suitability of arateam in the definition of the classeBrojeto, Modulo and Equipe
relation to the technologies and skills requiredniplement  apnother point to highlight is thabntoDDS neither uses the
the software modules at hand. constructorowl:disjointWith to create disjoint classes nor the
The second type of recommendation is representeth®dy constructordfs:subClassOfo create class hierarchies, except

class RecomendacaoFinalFinalRecommendation) and ishen necessary in cardinality restrictions of thgeot and
characterized by the selection of the teams thairoplement  gatatype properties.

each software module based on the cut point addpytetthe

: <owl:Class rdf:ID="Projeto” />
software project. . . <owl:Class rdf:ID=“Modulo” />
In order to represent the projects and their <owl:Class rdf:ID="Equipe* />

recommendations, as shown in Figure 6, the proposggyre s class definition
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Figure 10 — Modules, Requirements and Technologies

In the definition of object and datatype propertiee use ) o . -~
the constructors owl:ObjectProperty and The object propertytemRequisitoassociates a specific
owl:DatatypePropertywith its domain and range restrictionsSoftware modulem with a requirement, and through its
defined with the constructordfs:domainandrdfs:range datatype propertytermoReq (reqTerm), flags the required

Figure 9 shows the definiton of the object propertk”OYV|edge level n, _whose initially proposeql levels are
temCandidatawhich has the clas@rojetoas domain and the ‘Baixo” (Low), “Medio” (Average) andAlto” (High).
classEquipeas range. Other types of constructors were also B€sides, the object properfyaTecnologiaassociates the

used in some object and datatype properties, afid bei requirementr with a specific technology. Hence, together,
clearly indicated in the next subsections. these classes and properties represent the faghthanodule

m has the requirement in the technologyt, with required
knowledge leveh.

It is important to point out that in the definitiari a class,
we can also define cardinality restrictions for thigect and
datatype properties inside this class using thestcoctors
owl:minCardinality; owl:cardinality andowl:maxCardinality

Figure 10 illustrates instances of the cligsdulo that has

<owl:ObjectProperty rdf:ID="temCandidata">
<rdfs:domain rdf:resource="#Projeto" />
<rdfs:range rdf:resource="#Equipe" />

</owl:ObjectProperty>

Figure 9 — Definition of an object property

The next subsections explain in detail the objeatl a

datatype properties of the classes, as well as taedinality
restrictions and inference axioms. It is importemipoint out
that the subsection structure was defined consigethe
competency questions that must be answered byriwodogy,

at least one associated requirement through thecbpjoperty
temRequisito Similarly, instances of the clagequisitohave
at least one associated technology through thecbpjeperty
naTecnologia Besides, each instance of the cl&equisito

as defined in Figure 3. has exactly one textual term associated throughd#tatype
property termoReq Figure 11 highlights the cardinality
restriction of the object propertiemRequisitoto the class
Modulg, indicating that each module must have at least on

associated requirement.

A.Characterization of Software Modules

The team skills and knowledge evaluation, requfcedhe
implementation of software modules, creates thed nee
represent information of the software modules, syigc
related to the technical requirements for theirlengentation.
Therefore, the characterization of software modubesst
identify the technologies required to implementtea the
software project modules, as well as the necesddlhjevels.
In order to perform this module characterizatidre project
manager must rely on the support of the softwagineers
and architect, the responsible parties for the ipation of
the software architecture.

In the ontology proposed here, the number of leaats the
terms used to describe the knowledge levels magdefined
by the project manager, if he deems necessary. ifitial
proposal defines the knowledge levels using thegéBaixo”
(Low), “Medio” (Average) andAlto” (High).

The characterization of the technical requirememtist be
performed for each s_oftware module that WI|! be I_Empent_ed real number in the interval [0, 1].
in the software project. As we can see in Figure it0

OntoDDSthe characterization of the technical requirementsez:)sr sfa g: t::;g:c?elsoglﬁggeeso?sg\e/ZIc?f ggtarg_]usal Tﬁ%:r
for software modules is performed through the imsts of the Y P ' pedp

classes Modulo (Module), Requisito (Requirement) and of degreesAs can be seenin [15][16], in general, the y‘“f“s
xperience in a specific technology, as well asdbgrees in

Tecnolqgia(TechnoIogy), Whic.h.are related through the Objeﬁwis technology (including certifications and cask can be
properties  called temRequisito (hasRequirement) and used to evaluate whether an individual is an exjera

naTecnologiginTechnology). specific technology. Weiss [17] explains that arpadmant

<owl:Class rdf:ID="Modulo">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#temRequisito" />
<owl:minCardinality rdf:datatype="8&xsd;nonNegativelnteger">
1
</owl:minCardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

Figure 11 — Cardinality restriction

B.Characterization of Development Teams

After characterizing the technical requirementsdoftware
modules, it is necessary to gather information fitbe teams
on the required technologies to implement thenOitoDDS
the skill and technical knowledge that each teassesses on
each technology must be measured and then repedsenta

factor to determine if someone is an expert in acHje
domain is his discriminating ability, which is takeas the
ability to identify subtle differences in similaromtexts.
Nevertheless, this ability to discriminate can ooéyachieved
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through observation of the events as the years/ggiten that
is typically an empirical data.

Nevertheless, it is possible to infer, to a certigree, the
discriminating ability of a person through the nuanhof
projects he/she has previously worked on. Thagiign that
the ability to discriminate is acquired through gaticipation
in many different projects with similar contextfiet more
someone participates in projects, the higher tbeadrility that
he/she will have analyzed domains that have snifédirences,
which increases his ability to discriminate [18hig way, we

temExperiencia

1-3_anos_exp

nenhuma_exp +9_anos_exp
7-9_anos_exp

3-5_anos_exp 5-7_anos_exp .
temProjeto

1-5_proj 15-20_proj
10-15_proj

nenhum_proj +20_proj

5-10_proj
Figure 13 — Sub-properties for years of experieranumber of projects
is

It important to highlight that the sub-propestie

can say that the piece of datamber of developed projectsiemExperiencia and temProjeto are defined with the

has a high correlation with the ability to discniraie and can
be used as its replacement.

Hence, information pertaining years of experiemwenber
of developed projects and number of degrees are insthe

OntoDDSontology to characterize the technical attributés o

teams. It is important to point out that this imf@tion is
widely discussed in the literature pertaining totaie areas,
such as expert identification [16][17], team setett[18],
expert recommendation [19][20], human resourcescation
[21][22][23], task assignment [24] and employeerugment
[25][26].

Figure 12 shows that in the ontology proposed ¢hent are
represented by individuals of the clasdeguipe (Team),
Pessoa(Person) andTecnologia (Technology), which are
related by the object propertiggossuiPessoghasPerson),
temExperiencighasExperience) angmProjeto(hasProject),
as well as through the datatype property callechTitulo

(hasDegree).

temTitulo

) temExperiencia
possuiPessoa

temProjeto

string
Figure 12 — Teams, Persons and Technologies

The object propertpossuiPessoghasPerson) associates
certain membem from a certain teane, which, through its
datatype propertytemTitulo (hasDegree) and
properties temExperiencia(hasExperience) andemProjeto
(hasProject), associate the member to a specific

technologyt. Hence, together, those classes and propert

represent that the team has one or more membdrsiagirees,
projects and experiences in the many technolodies dre
required in the software project at hand.

Figure 13 shows the propertiesemExperiencia e
temProjeto which possess sub-properties representi
respectively, the years of experience a membédnas in a

its object

constructorsowl:ObjectPropertyand rdfs:subPropretyQf as
shown in Figure 14 for the sub-propertyenhuma_exp
(no_experience).

<owl:ObjectProperty rdf:ID="nenhuma_exp">
<rdfs:subPropertyOf rdf:resource="#temExperiencia" />
</owl:ObjectProperty>

Figure 14 — Definition of sub-property

At this point, from the characterization of the whedge
and skill set of the developers in all technologibe project
manager can derive and measure empirically
mathematically, the technical skills of each teamelation to
technologies required by software modules. It nwespointed
out, though, that in the case studies performed th
mathematical approach developed by Santos [15jadapted
to derive the technical skills of the teams. Irs timathematical
approach, based on the forms filled by each deeelapout
the years of experience, number of degrees ancgisojn
each technology, the answers are weighted in af ggfuations
that derives the level of knowledge from each dgvet in
each technology. Next, based on the skill level éach
member of each team in a specific technology, arederive
mathematically the knowledge level of the wholentéa that
technology.

Once derived and measured the technical skillsefach

or

qeam, now it is necessary to represent them inotitelogy.

Figure 15 shows in now we represent in the ontologiyng
classesEquipe (Team), Habilidade (Skill) and Tecnologia
(Technology), related by propertiesmHabilidade(hasSkill)

iand naTecnologia(inTechnology). PropertyemHabilidade

&sociates a given teaeto one or more skillh, which,

through its datatype propertsalorHab (skillvValue) signalizes
the real numeric value within the interval [0, bt represents
the team skill. On the other hand, the propeiyfecnologia
associates a skill to a specific technology Hence, together,

Mese classes, object properties and datatype npiesgpe

represent that a teaghas skillh in technologyt.

technologyt, as well as the number of projects developed by

membemin a technology.

Tecnologia

float [0, 1

string
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Figure 15 — Teams, Skills and Technologies

Even though the team skill level is calculated aseal
number in the interval [0, 1], the ontology als@nesents
technical skill as textual terms such &denhuma” (None),
“Baixa” (Low), “Media” (Average) andAlta” (High). These
terms also represent the team technical skill ispacific
technology. Figure 15 shows that the technicalsskihd their
respective terms are represented as the datatygeerties
valorHab (skillValue) and termoHab (skillTerm), which
represent respectively the numerical value andekiial term
that characterize the technical skill a teamas in a specific
technologyt.

C.Characterization of Selection Policies

Once identified and represented the technologigsimed to
implement the software modules, as well as thenieahskills
of each team in each of those technologies, ieessary to
define a policy for the selection of the teams tlae
technically qualified to implement the software rakes.

According to the needs of the software projectfedént
policies may be adopted, changing the way the tezansbe
selected. For instance, if a project is late, sglgahe teams
more qualified to implement the modules may be llest
option, making it easier for them to perform thisk in a
shorter time. Nevertheless, choosing the most figlteams
is not always the ideal choice, given that selgctem may
cause them to waste their knowledge and also leddgher
costs, in case their technical knowledge level igmmhigher
than the one required to implement the software ulesd
Hence, it is important to select a policy thatdrie choose
teams with technical knowledge levels as closeassiple to
those required to implement the software modulesrder to
avoid knowledge waste and minimize project costs.

Hence, the definition of selection policies is detmed by
the specific project needs and by the organizaticoatext in
which the software project is immersed. Consequgittls of
the utmost importance to allow project manageradjoist the
adopted policies or create new ones accordingaméeds of
different software projects.

A selection policy can be understood as a tablaules of

Average
High

Average High

Average

Average
High

I Low

At Table I, we can understand the rule composiidh the
following example:IF Team Skill Levelis “None” AND
Required Knowledge Levéd “Average” THEN Suitability
Level of this team to this modue‘Low”.

The proposed ontology represents the policiesdigituals
of the classe#olitica (Policy) andRegra (Rule), which are
related by the object propertgmRegra(hasRule), as can be
seen at Figure 16. Please observe that a certday pomust
be associated with a set of rukes, r, ..., I}, modeling each
of the cells that make up the table that represetselection
policy at hand.

requeridoPorModulo

string

conhecidoPorEquipe .
1 string

adequabilidade

string
Figure 16 — Policies and Rules

In turn, rules are modeled using the datatype pitigse
called requeridoPorModulo (requiredByModule),
conhecidoPorEquipe(knownByTeam) andadequabilidade
(suitability), which represent, respectively, th@owledge
level required in a specific technologyy the modulem, the
technical proficiency of teane in this technologyt, and,
consequently, the technical suitability of teaenfor the
implementation of module concerning the technolody

D.Characterization of the Technically Proficient Team

Once we know the information concerning the tecbgiels
that are required to implement the software moduassvell as
the team skill levels on these technologies, itriportant to
apply the selection policy to discover the techinfatability
of each team to implement each module.

The proposed ontology represents the technicallslity of
the teams as recommendations. As discussed abbige, t
ontology has two kinds of recommendations, represeby
the classes Recomendacao (Recommendation) and

the typelF-THEN , which correlate the terms in the rows WithRecomendacaoFiniﬁFinalRecommendation).

the ones in the column, defining rules that gerettae desired
results, represented by the cells in their intdiges. Table |
shows a possible example of selection policy. Motlat the
number of rules in a policy is equivalent to thedarct of the
number of rows with the number of columns.

Table | — Selection policy

Required Knowledge Level
Low Average High
E —-=0 None Average Low None
2823 :
A Low High Average Low

Recommendation of Teams to Required Technologies

The conceptual map illustrated in Figure 17 shawdatalil
the characterization of the claBecomendacadConsidering a
teame, a software modulen and a technology required to
implement it, the purpose of a recommendation iglémtify
which ruler of the selection policp must be chosen.
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orojet recomendaPolitica considering the development team under evaluatibwe,
rojeto .
' software module that needs to be implemented amd th
1 <>

associated technology. At this point, the rule nefee
indicated for each recommendation is performedhieyaxiom
represented in Figure 19. In order to infer thed#&n policy
recomendaModulo rule, we need to identify: (i) the selection polmyadopted by

) projectpr; (ii) the knowledge levelreqrequired by modulen
recomendaTecnologia at technologyt; and (iii) the skill levelvh of teame at

technologyt.

Figure 17 — Recommendation of teams to technologies

In order to represent this relationship between th P(n;ojetg('.:pr),(l;oliti_fa('z;po),R:gra(:’;), »
. . . taPolitica(?pr, ?po), t ?po, ?r),
recommendation, the adopted selection policy, treuated oy e Poh BT EBTA RO

Modulo(?m), Requisito(?req), Tecnologia(?t),

team, the software module under scrutiny, the c=med temRequisito(?m, ?req), naTecnologia(?req, ?t), termoReq(?req, ?vreq),
. . - : Equipe(?e), Habilidade(?h),
technology and the instantiated selection ruleh éastance of tgglﬁzl(:iﬁéadae(':‘el,??h;(na!recnologia(?h, 2t), termoHab(2h, 2vh),

the classRecomendacabas a set of object properties, which Recomendacao(?re), temRecomendacao(?pr, ?re),

. . . . recomendaPolitica(?re, ?po), recomendaEquipe(?re, ?e),

IS recomendaPoI|t|Ca(recommendsPollcy)ecomendaEqu|pe recomendaModulo(?re, ?m), recomendaTecnologia(?re, ?t),

(recommendsTeam) recomendaModulo conhecidoPorEquipe(?r, ?vh), requeridoPorModulo(?r, ?vreq)
' . > daRegra(?re, ?

(recommendsModule),recomendaTecnologia(recommends e S

Technology) and recomendaRegra (recommendsRule). Figure 19 — Axiom for the recommendation of a séecrule

Together, these object properties represent, ragplg the S ) )
selection policy adopted in the software projeche t At the axiom in Figure 19, it should be noted it policy

development team under evaluation, the software uteod PO @dopted at projeqir is inferred in a direct way, evaluating
under scrutiny, the technology required to implemierand, the object propertadotaPolitica(?pr, ?pg) modeled in the
finally, the rule of the selection policy that mizst considered. CONCceptual map previously shown in Figure 5.

It is important to point out that the object prdjes whose N order to identify the knowledge levereq required by
domain is the classRecomendacaoare represented as module m at technologyt, the axiom evaluates some object

functional properties using  the constructo@Nd  datatype - properties. Initially, ~the ~ properties
owl:FunctionalProperty as illustrated in Figure 18 for the teMRequisito(?m, ?re@nd naTecnologia(?req, ?tdentify a
object propertyrecomendaRegraTogether, these propertiesSpeC'f'C requiremerreq, which represents the fact that module

signalize that each recommendation must be asedctata ™M reauires technology _
single policy, team, module, technology and rule. Next, considering the requiremeary, the datatype property
termoReq(?req, ?vrggidentifies the knowledge levelreq

<ow|;|;ur:iction_alPrd€;perty rdf:l?;;recomen:aReﬁr;\"> required by modulen at technology.
<rdfs:domain rdr:resource= ecomendacao /> . . .
e et Y ST Now, to identify the skill leveVh of teame at technology,
</owl:FunctionalProperty> the axiom also considers some object and datatygeepties,
Figure 18 — Functional property modelled in the conceptual map previously showirigtire
15.

It should be noted that the object properties First of all, the object propertigemHabilidade(?e, ?hand
recomendaPoliticarecomendaEquipgecomendaModuland  naTecnologia(?h, ?t) identify a specific skill h, which
recomendaTecnologiacan be derived from information represent the fact that teaerhas knowledge on technolotyy
already stored in the ontology, that is, the cherazation of Hence, considering skill h, the datatype property

the modules and the required technologies; th@rmoHab(?h, ?vhjdentifies the skill levelvh of teame at
characterization of teams and their knowledge l@releach technologt.

required technology; the characterization of théec®n At this point,
policy adopted in this specific software projectr fnstance,

to infer the propertyrecomendaEquipgrecommendsTeam),
we only need a query ©©ntoDDSto identify all the candidate
teams associated with this project and, next, mtiste a new
recommendation and associate it to each candidzsden t )
through the propertyecomendaEquipeThe other properties requendoPorModglo(?r, 2vreq) . and.

are inferred in a similar way and, at the end, veweha conhecidoPorEquipe(?r, ?vhpoth of which were modeled in

recommendation for each combination of policy, tearadule  the conceptual map shown at Figure 16.
and technology. Finally, once we identified the rule to be adopted, the

On the other hand, the object properecomendaRegra axiom infers the object properiecomendaRegra(?re, ?r)
must be inferred based on the selection policy tmhp representing the fact that the recommendate@must adopt

60

knowing the adopted policpo, the
knowledge levelreqrequired by the module at the evaluated
technology and the skill leveh of the team at this technology,
the axiom can infer the adopted ruleevaluating the object
property temRegra(?po, ?r)and the datatype properties
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rule r, which in turn represents in its datatype propertg
adequabilidadgsuitability), the suitability level related to the

een in Figures 21, 22, 23 and 24.

knowledge of the team at the technology under dison
required by the software module.

Recommendation of Teams to Software Modules

Projeto(?pr), RecomendacaoFinal(?rf),
temRecomendacao(?pr, ?rf),

Politica(?po), Equipe(?e), Modulo(?m),
recomendaPolitica(?rf, ?po), recomend (?rf, ?e), rec
valorAdeq(?rf, ?v), greaterThanOrEqual(?v, 0.0f), lessThan(?v, 0.15f)

-> termoAdeq(?rf, "Nenhuma")

daModnl

(?rf, 2m),

Based on the development team recommendation fdr ea
required technology it is possible to measure thelsility of

igure 21 — Axiom for Final Suitability “NenhumaRione)

the teams for each software module. For this, thaept
manager must adopt an empirical or mathematicahdita to
calculate the team suitability to the modules, basethe team
suitability for each technology required by eachdnie.

Projeto(?pr), RecomendacaoFinal(?rf),

temRecomendacao(?pr, ?rf),

Politica(?po), Equipe(?e), Modulo(?m),

recomendaPolitica(?rf, ?po), recomendaEquipe(?rf, ?e), recomendaModulo(?rf, ?m),
valorAdeq(?rf, ?v), greaterThanOrEqual(?v, 0.15f), lessThan(?v, 0.45f)

-> termoAdeq(?rf, “Baixa")

is

This team suitability for each software module >

represented in the ontology by the cl&escomendacaoFinal
(FinalRecommendation), whose conceptual map is shiow

igure 22 — Axiom for Final Suitability “Baixa” (lva)

Figure 20. Each final recommendation is charaateriby
having the object properties recomendaPolitica
(recommendsPolicy)recomendaEquipgrecommendsTeam),
recomendaModulo(recommendsModule) and the datatype

Projeto(?pr), RecomendacaoFinal(?rf),

temRecomendacao(?pr, ?rf),

Politica(?po), Equipe(?e), Modulo(?m),

recomendaPolitica(?rf, ?po), recomendaEquipe(?rf, ?e), recomendaModulo(?rf, ?m),
valorAdeq(?rf, ?v), greaterThanOrEqual(?v, 0.45f), lessThan(?v, 0.75f)

-> termoAdeq(?rf, "Media")

properties valorAdeq (suitabilityValue), termoAdeq
(suitabilityTerm) anchdequadaddequate).
The object properties represent, respectivelyptiiey that

F

igure 23 — Axiom for Final Suitability “Media” (ferage)

was selected in the software project, the evaluatediidate
team and the soon to be implemented module. Obgeav¢he
object properties whose domain is the clas
RecomendacaoFinare represented as functional propertie

Projeto(?pr), RecomendacaoFinal(?rf),

temRecomendacao(?pr, ?rf),

Politica(?po), Equipe(?e), Modulo(?m),

recomendaPolitica(?rf, ?po), recomendaEquipe(?rf, ?e), recc daModulo(?rf, ?m),
valorAdeq(?rf, ?v), greaterThanOrEqual(?v, 0.75f), lessThan(?v, 1.00f)

-> termoAdeq(?rf, “Alta")

using the constructawl:FunctionalProperty being specified
in a way that is similar to the example of Figu& Together,
these properties signalize that each final reconaliaion must
be associated to a single policy, team and module.

The datatype propertiesvalorAdeq and termoAdeq
represent, respectively, the numeric value in therval [0, 1]
and the textual term for the team suitability te thodule that
will be implemented. This information will conscéitt the
possible candidate teams that can implement thaileedf a

specific software project.
) temRecomendacao recomendaPolitica

Figure 24 — Axiom for Final Suitability “Alta” (Hjh)

Observe that in Figure 20, the object propertiebeda
recomendaPolitica (recommendsPolicy),recomendaEquipe
(recommendsTeam) andecomendaModulo (recommends
Module) can be derived from information alreadyrstbin the
ontology, related to the characterization of mogluteams and
selection policies. At this point, the inference textual
suitability term referring to the numerical valuanc be
automatically performed by the axioms. In orderinfer the
suitability term, we need to identify: (i) the polipo adopted
by the projectpr; (ii) the numerical value of the suitability

| of teame to modulem.
nost [0, 1]  YAOTAGEG | GE— recomendatasipe @ For example, in the axiom of Figure 21, please nlesthat
string «X&TMoAdeq | 1[——T] the textual term for suitability is inferred in drett way
adequada evaluating the propertyalorAdeq(?rf, ?v) modeled in the
boolean . . .
o conceptual map illustrated in Figure 20.

Figure 20 — Recommendation of Teams to Softwareuiésd In order to identify the textual term for suitabyjliof teame

to modulem based on policypo, the axiom evaluates some

adequada(suitable) on purpose, because it is related to R ject and datatype properties modeled in the qunaémap

application of the cut point which will be seenelain this of Figure 20 Initially, the —object p.roperties call
section. recomendaPolitica(?rf, ?pg) recomendaEquipe(?rf, ?eand

Once we calculated the individual technical skilf fach recomendaModulo(?r, ?mfientify a final recommendatio

development team member and the team technicaityabil associated to a specific poligyo, a specific teane, and a

these numerical suitability values are converted fuszy splecizg T(;d};le_ d m.t'f' Netﬁt’ the_ dlataltype f pr;)pbe_lr{y
textual terms through the application of axioms,tisat it is valorAdeq(?rf, ?v)dentifies the numerical value of suitability

possible to determine the final team suitabilithieh can be v of teame to implement modulen using policypo. Finally,

Please observe that we did not include the datgiymeerty
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considering the numerical suitability valugthe axiom infers constructorowl:FunctionalPropertyin a way that is similar to
the textual term for suitability of the final recamandationrf.  the one shown in Figure 18.
For that, the axiom performs a comparative anabsieng the The object propertieemPontoDeCortandnaPolitica and
numerical value to suitability and the intervals defined for the datatype propertgontoDeCortemay be derived directly
each of the textual terms. For example, in theraxid Figure from information already stored in the ontologytbe project
21, the textual term iNenhuma” (None). For a team to have characterization and its adopted selection pokdythis point
this textual term, it is necessary that the suditgbis higher the suitability value inference as a function of ttut point is
than or equal to 0 and less than 0,15. made by the axiom represented in Figure 26. Inrci@énfer
The axioms for the next suitability termsBéixa”, whether the team suitability is acceptable in retato the cut
“Media” and“Alta” ), can be seen in Figures 22, 23 and 24oint, we need to identify the following: (i) theolxy po
respectively, according to the limits defined fbe tnumeric adopted by the projecpr; (ii) the numeric value of the
intervals of the textual terms. suitability va of teame in modulem; and (iii) the numeric
value of the cut poinipcadopted by the policgo.
Application of the Cut Point

Projeto(?pr), PontoDeCorte(?pc), Politica(?po),
With the goal of filtering out the teams that mighive a temPontoDeCorte(?pr, ?pc), naPolitica(?pc, ?po), pontoDeCorte(?pc, ?vpc),
. - . . . RecomendacaoFinal(?rf),
low suitability, a cut point defined by the projettanager |temRecomendacao(?pr, ?rf), recomendaPolitica(2rf, 2po),
: . : : L. valorAdeq(?rf, ?va), greaterThanOrEqual(?va, ?vpc)
must be used. This step COHSIS’[S. simply in elinmigathose P
teams that do not reach the cut point. For thatinust update
the instances of the class RecomendacaoFinal Figure 26— Axiom foPonto de CortgCut Point)

(FinalRecommendation), setting the value of itsatigte
property callecadequadgsuitable) as illustrated in Figure 20.Of a teame to implement modulen is acceptable considering

Itd|s |m30_rtant ;0 p0|tnt Oli.t trlllatt;he uEdate Oft ‘f"@pe”Y the cut poinfpc, the axiom evaluates some object and datatype
adequadas made automatically through an ontology aX'Omproperties modeled in the conceptual map showrgaré 25.

as will be detailed below in this section. o . .
. . . Initially, the object propertieeemPontoDeCorte(?pr, ?pend
h Flgture 5 sholwst.that |n|.tlﬂ©nt(éIZ?tDSontoIo?y, gach prolte(;t naPolitica(?pc, ?po)dentify the specific cut poimic adopted
as Its own selection policy and its own cut poreresente by the policypo. Next, considering the poligyo, the datatype

by the relationship among class&sojeto, Politica and . o .
. . . propertypontoDeCorte(?pc, ?vpdjentifies the numeric value
PontoDeCorte through the object propertiesdotaPolitica of the cut pointpc, required by the policgo.

(adF?pl_tts_:Pol!c?, i temlflontoDeCt:_orteih (th_asC:tPotmtk)) anc_i At this moment, knowing the numeric value of thé¢ jgaint
naPolitica(inPolicy). Please notice that In order to be pissi vpc required by the adopted policy, the axiom can eatalu

to adopt dlfferertn cdutf_pomts fcl)rtq lfferrlentbs?\:\tlampmfs, 'ft whether the team suitability numeric vakeeis greater than or
was necessary 1o define a refationship betweew S0 equal to the cut pointpc. For that, the axiom evaluates the

the classedPontoDeCorteand Politica, through the object datatype propertyalorAdeq(?rf, ?va)and, finally, infers the

propertynaPolitica as is better illustrated by Figure 25. datatype propertadequada(?r, true)which represents that
adotaPolitica the recommendatiorf is considered adequate according to the

In order to identify if the numeric value of theitability va

Lox cut point.
temPuntuDeCorte naPolitica
Projeto " PontoDeCorte
T IV. UseCAsE
toDeCort - . -
pomonerene float [0, 1 In order to evaluate the usability and applicapilif the
Figure 25 — Detailed view dfonto de Cortg¢Cut Point) proposed ontology, we developed three use casesl loasthe

) ) project of two different software product lines.tBiks of the
The object property temPontodeCorte (hasCutPoint) .oce studies can be found in [27].

associates a projeptto a specific cut poinpc, which through The two first cases were developed using a hypictiet
its datatype propertpontoDeCorte(cutPoint) stores a real gofrvare product line in the area of electronic mwrce

numeric valuen in the interval [0, 1], stipulated by the projeCt(e-commerce) documented in [28]. These two first cases
manager to determine if a specific team is ablenfdement a o0 organized in two development iterations, aoplating

specific software module. On the other hand, thgeab e phases of domain engineering and applicatiginearing

propertynaPolitica (inPolicy) associates the cut poptto a ¢ he product line. Next, another use case wazldped

specific policy po. Hence, together, those classes angased on a real project of a middleware producé fior

properties represent the fact that the prapeiuas the cut point mopile devices calledMult-MOM [29] whose  instantiation
pcwith valuen in the policypo. will be briefly illustrated next in this section.

It is important to point out that the object prdger \yhen conducting the use cases, first@roDDSontology
naPolitica is represented as a functional property using the
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was completely specified and validated in the Ryétéool Figure 28 shows that the module M1 requires the
[11], contemplating the classes, object and datepypperties, technologies SQL and ProgramacaoReflexiva(Reflective
restrictions and axioms. Next, each use case wae aProgramming) with knowledge level “Baixo” (low). Cihe

instantiated and validated in the Protégé tool,luitiag
individuals of the several elements of thetoDDSontology.

The Protégé tool supports the OWL specificatiorgleye
[13], recommended by W3C. Using this tool, it wasgible to
create and model classes, object and datatype niespe
axioms and restrictions, as well as to create diassinces.
Besides, the Protégé tool allows for queries asdalization
of the results that are automatically generatedhieyseveral
axioms in the ontology.

A.Characterization of Software Modules

other hand, it requires a level “Medio” (averagEkmowledge
on Java and ParadigmasDeComunicaca¢gCommunication
Paradigms). Finally, it requires a level “Alto” @) of
knowledge on the technologies Android and
ProtocolosDeRedg#etwork Protocols).

B.Characterization of Development Teams

Considering the difficulty of finding real developmt teams
for use cases, the development team definition peaformed
base on the local market and students from the Qtamp
Science course that answered a questionnaire cplatimg all
the technologies required for the use case, acuprtti the

Multi-MOM [29] is a middleware product line for mobile modules to be implemented in their respective ptodines.

computing that is essentially focused in the comoation
functionality. Considering its component-based #ecture
presented in Figure 27, we defined five softwaredubes,
according to the phasecommending software modulgg9]
of the team selection and allocation framework [Biliefly
explained in section | of this paper.

<<kernel>>(M1)| O <<kernel>>(M1)|
Service Manager \ Service Locator
IServiceLocator
Ic - ie
<<kernel>> <<kernel>> (M0) .
t r - Message Dispatct
é\

dl <<variant>> (M0}
II Communication Paradigms|

O IMessageManagerControl

-~
<<kernel>> (M4} . <<kernel>> (mo)
Persistence Manager Message Manager Control

IPersistenceManager

ITTLMonitor
<<kernel>>(M2)

TTL Monitor

Figure 27 — Multi-MOM Architecture

Figure 27 shows that we identified five differenbdules
indicated in the small rectangles labeled with tiens MO,

This questionnaire was performed online, resultiing set of
179 participant developers. The adopted forms amg t
respective answers of developers can be foundsi [1

Next, the answered questionnaires were used tactesize
the skills and technical knowledge of the 179 depefs in
each technology required by the modules. Figurstfivs an
example instantiation of the proposed ontology the
characterization of the skills and technical knalge inJava
of developerD1 that belongs to tearkl. As can be seen,
developerD1 has from five to seven years of experience in
Java, has participated in up to five projects that addgta
and has the SCJA and SCJP certificates.

Pessoa

temTitulo

temExperiencia
possuiPessoa

string temProjeto

5-7_anos_exp

T e——
1-5_proj

nSCIA”
”sCip”

M1, M2, M3 andM4. The characterization of the technologiegigure 29 — Characterization of Develofrin Javatechnology
required by the modules was performed by the sofiwa

architect that created and designdtult-MOM. As an
example, Figure 28 illustrates the instantiatiothefOntoDDS
ontology to characterize the technologies required
implement modulé1.

termoReq

temRequisito naTecnologia

Modulo Tecnologia

string

M1 |

Programacao
Reflexiva

ParadigmasDe
Comunicacao
Android

Protocolos
DeRedes

"Alto”

Figure 28 — Characterization of Module M1

Based on a set of 179 developers, we created 2&stedth
different sizes (from 2 to 18), dividing the menbeandomly
until we completed all teams. The final compositioihthe
teams was: 1 team with 2 members, 3 teams withrBlraes, 5
teams with 5 members, 4 teams with 8 members, Bdedth
9 members, 3 teams with 10 members, 3 teams with 15
members and 1 team with 18 members.

Next, based on the skills and technical knowledbeazh
developer, it is possible to characterize the skitid technical
knowledge of the respective teams for each teclgyotbat
was required by the software modules. Figure 30nshan
example of an instantiation @ntoDDSof the characterization
of team E1 in the Java technology. As can be seen,
considering the skills and technical knowledge df i
developers, tearil has a technical skill level with val@61
in the Java technology, which, according to the ranges of
levels adopted, characterizes an average skiltesepted by
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present suitability values higher than all the ottiees. On the
other hand, the minimum qualification policy tertdspresent
higher values than the equivalent qualification amdre

skilled team policies. Finally, we also realizelatt the
equivalent qualification policy tends to generaighbr values
than the more skilled team policy. Given this enopi

evidence, we decided to use different cut points dach
selection policy under consideration in the usesas

the textual terniMedio” .

temHabilidade naTecnologia

Habilidade

string

valorHab termoHab

H1

0,61

Figure 30 — Characterization of Te&t in Javatechnology.

Java

C.Characterization of Selection Policies
In the instantiation of the proposed ontology, ww@ially Table Il - Cut Points

specified four different selection policies, crehbm®sed on the _

observations and analysis presented in other workthe | Equivalent Qualification 0,60
literature [21][22][23][25]. The four proposed paibs are: Most skilled teams 0,55
a) Policy of equivalent qualification: selects teams that | minimum Qualification 0,70
have the technical skills close to the required t graining Provision 0,75

implement the software modules;

b) Policy of most skilled teams:selects teams that have  rigyre 32 exemplifies the instantiation of the points in
the highest technical skills, independently of thene oniology, showing the representation of the mint of
knowledge level required by the software modules;  \aiue 060 adopted in  the selection policy

¢) Policy of minimum qualification: selects teams that qajificacacEquivalente(Equivalent Qualification) used in
possess the minimum technical skills required tgheMulti-MOM project.
implement the software modules;

d) Policy of training provision: selects teams that have temPontoDeCorte " ontopecorte naPolitica

technical skills bellow the required to implemehet
software modules;

For instance, considering the selection policy qiiealent
qualification, previously defined in Table |, theule
instantiation represented by the intersection ef ttird row
with the second column of Table I, here calRfl is presented
in Figure 31. According to this policy, the instated rule is
interpreted as followdF Required Technical Skill is “Medio”
(Average)AND Technical Skill Level is “Medio” (Average)
THEN Suitability Level is “Alto” (High). It is important to
point out that in this use case the 12 rules ofldabwere
numbered fronR1to R12 going from the left to the right and
the top to the bottom.

requeridoPorModulo

string
string
string

temRegra conhecidoPorEquipe

Regra
adequabilidade
”Medio”
”Medio”

"Alto”

Equivalente
Figura 31 — Characterization of Rule R8 in the G&la Policy

Table Il shows that different cut points were ugedeach
selection policy adopted. Based on the use casdsrped,
we realized that the suitability values for thenteavaried
according to the adopted selection policy, whicls wapected
due to the fact that different policies attributéffedent
suitability to teams. Nevertheless, in an expenimanalysis
where each use case was evaluated according tcseksdhion
policy, we say a trend of the training provisionlipp to

float [0, 1

pontoDeCorte

Qualificacao
Equivalente

Multi-MOM

Figure 32 — Cut point used in trialificacaoEquivalenPolicy

D.Evaluation of Team Suitability

At this point, considering the technologies regdiby the
modules, the team technical skills in each techmoland the
selection policy adopted in the project, we carerinthe
technical suitability for each team in each techgglrequired
by each module, according to the selection poliégure 33
shows an example of technical suitability inferentteat of
teamELl in Javatechnology required by moduldl, according
to the selection policQualificacaoEquivalente

As we can see in Figure 33, the referred suitgbikit
defined by the application of rulR8 whose instantiation in
the proposed ontology was shown in Figure 31.d¢lisvant to
point out that the selection rule inference adojgguerformed
by the axiom in Figure 19.

At this point, it is possible to measure empirigabhr
mathematically the suitability of the teams to thaftware
modules. For that, in these use cases, we adofted t
mathematical approach proposed in [15] to derive tdam
suitability to the modules, based on the team Bilitato each
technology required by the software modules.
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recomendaEquipe

recomendaPolitica -

recomendaModulo Modulo

- Tecnologi:
recomendaTecnologia .ec ologia

Qualificacao
Equivalente

Multi-MON

Recomendacaol

Figure 33 — Technical Suitability of Tedf1 to Javain ModuleM1

Figure 34 shows an example of the final recomméoil atf
team E1 to module M1, whose numeric suitabilityueals
0,64. If we apply the axioms of Figures 21, 22 a8 24, it is
possible to infer the textual terms that represiemtsuitability.
In Figure 34, the suitability textual term isMedio”
(Average).

temRecomendacao

en
Y o
daEqui A
recomendaEquipe @

rec,
ornendalwodul
o

Modulo

Qualificacao
Equivalente

true

Figure 34 — Recommendation of Team E1 to Module M1

Finally, based on the axiom of Figure 26, we cdarithe
technically suitable teams for each software modidm the
evaluation of the cut point defined in the softwareject to
the selection policy at hand, defining hence thesiibe
candidate teams for the implementation of the sofwproject

V.RELATED WORK

In this section we present and discuss three appesa
identified in the literature which are related tor avork to
some extent. The three approaches considered are:
(i) OntoDISEN[31] — an ontology to share information on
DSD projectsyii) Burbeck’s proposal32] — an ontology to
establish electronic contracts; afi) ICARE[19] — an expert
recommendation system that uses an ontology tcacteize
users and specialists.

It is important to mention the difficulty to findrggposals in
the literature that are directly related to theestbn of
technically qualified distributed teams. Hence spite of the
fact that the identified approaches do not shaeesthecific
purpose of supporting team selection in distribuseftware
projects, the discussed works present some aspdatsd to
OntoDDS because they adopt ontologies to represent
information associated with DSD environments, tppsut the
definition of criteria to hire electronic servicesnd to
characterize users and experts.

In order to guide the comparison of approachesuated
with the OntoDDSapproach here proposed, we synthesize the
main characteristics in Table Ill. Next, we presentrief
description of each related work, together withoanparative
discussion in relation t®ntoDDS

OntoDIiSEN[31] is an application domain with the purpose
of describing concepts and contextual elementschwiaire
represented, stored and shared by an information
dissemination tool, allowing the communication and
cooperation among members of the geographicallyiluiged
teams, and so, increasing their perception abdiatrecrelated
to produced artifacts. In such a colaborative sgena
OntoDIiSEN is the element responsible for representing
contextual information, promoting the disseminatioh the
context in a uniform and standardized way betweéstnilouted
teams.

modules. Please observe that in the datatype [yoper |n OntoDISEN the information of the skills and required
adequada(suitable), Figure 34 already includes the resfilt nowledge are associated with the phases of theepso

the suitability inference of teaBil to moduleML1 in thepolicy
QualificacaoEquivalente
In the use case of the project of thilti-MOM product

Hence, OntoDIiSEN adopts a target entity with thicker
granularity in relation toOntoDDS which associates this
information to software models, whose granulastyhinner.

line, after applying the cut point, among the 22 candidate |n terms of the characterization of skills and kienge

teams, we received recommendations for 5, 11, 13n2l 19
teams to implement module®O, M1, M2, M3 and M4,
respectively.

Considering four selection policies defined ande¢huuse
cases developed to evaluate the usability and cgiplity of

required by the project phase®ntoDISEN allows for the
instantiation of multiple non-valued attributes.r Fostance,
they may represent the requirements in differectirielogies,
tools or processes, without quantifying those neddsa
similar way,OntoDDSalso allows thénstantiation of multiple

the proposed ontology, each use case resulted um fauttributes to characterize required skills and Kedge but,

recommendations of suitability of the teams to thedules,

generating one recommendation for each selectiditypo

Hence, considering all use cases, we generatediffe2edt
recommendations, whose details can be found in [27]

differently, those needs are quantified in différdewels.
Following a similar approach, i®ntoDISEN,the users’
knowledge and skills are also characterized byrtsi@ntiation
of multiple non-valued attributes, whilentoDDSrepresents
such information by instantiating multiple attribat to
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characterize the developers’ skill and knowledge ds valued demanded by the process phases, letting the projecager
attributes, that is, quantified in different levelBesides, decide on how to get then®ntoDDS on the other hand,
instead of characterizing only individuals (usénsthe case of establishes the adoption of implementation talbesepresent
OntoDIiSEN, OntoDDS also characterizes the skills andthe technologies required to implement the softwaoslules
knowledge of development teams based on the kngeled and, in the case of developers, is based on faymather the
their respective developers. information related to years of experience, numimdr

OntoDiSENdoes not define any method or mechanism tdeveloped projects and number of degrees.

gather knowledge or skills that the users possesb ia

Table Il — Comparative of the related works

Multiple Multiple
OntoDISEN PLo;::ss non-valued Users non-valued - -
P attributes user attributes
) Multiple A Multiple valued Implicit;
Burbeck Services valued attributes Suppliers supplier atributes - Unchangeable
Multiple Multiple Imolicit:
ICARE Users non-valued Experts non-valued - plictt
: Unchangeable
keywords expert attributes
Multiple valued
Software Multiple attributes from Tables and Explicit;
ShiEleles modules valued attributes Teams developers and forms Configurable
teams

The second approach evaluated is the Burbeck’sogedp
[32], which presents an ontology to support hirggyvices
whose goal is to represent information to be usathg the
establishment of electronic contracts, both in rege way, as
well as specifically in the context of DSD. The aogy
proposed by Burbeck allows the definition of nondtional
requirements of QoS (quality of service) relatecelectronic
services, as well as information necessary to tdlieend
suppliers so that it is possible to evaluate if thguirements
are satisfied. Hence, the ontology can be apptieipport the
establishment of electronic contracts, and be tsedpresent
the concepts and relationships involved in a nagoti
between the companies participating in a possilvke during
the software development process.

Even though the purposes @ntoDDS and Buberck’s
proposal are different, we can correlate them eudly. While

skill and technical knowledge required to implemsottware
modules.

In an equally comparable way, in Burbeck’s propdbal
QoS attributes assured by the suppliers are cleized by
the instantiation of multiple valued attributes wufni are
quantified in different levels. From the point ofew of

OntoDDS,there is the analogous fact that the knowledge and

skills of developers and the teams to which thelprze are
also instantiated in multiple valued attributespresenting
their skill levels in the respective technologigaethods,
processes or application domains.

In a similar way toOntoDISEN Burbeck’s proposal does
not define any mechanism or method to gather Quibuates
that are required by services and assured by ssppleaving
it to the project manager the task of definingwhay to obtain
them. As previous discusse@®ntoDDS behaves differently,

OntoDDSis used to select development teams to implemeatopting implementation tables and forms to represee

software modules, Burbeck’s proposal is used te sippliers
for the execution of electronic services. Consetiyewe can
consider that the target entities have similar glarity, since
software modules and electronic services can beidered as
correlates.

Considering the characterization of QoS attribufes
electronic services, Burbeck's proposal allows ftive
instantiation of multiple valued attributes whicate ajuantified
in different levels. Hence, in this aspect, it denconsidered

required technologies and the knowledge and skifs
developers and teams.

The third approach evaluatedlGARE (Intelligent Context
Awareness for Recommending ExperfdP], an expert
recommendation system for specific domains, charaetd by
keywords supplied by users and taking into conatitem the
current context of users and experts. Notice that
characterize users and experts, as well as theexdoat
information and relationships among keywords argjenis of

similar to OntoDDS, which also allows the instantiation of interest,ICARE adopts a domain ontology that allows for the

multiple valued attributes to characterize différégvels of
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inference of personalized recommendations of differ
experts for different users in several subjectatefrest.

VI.
In this paper we presented an application ontolégy

FINAL CONSIDERATIONS

It can be seen that ilCARE the purpose is not team gnnort the selection of technically qualified disited teams

selection. Nevertheless, we can indirectly corecllie skills
and knowledge required by the software moduleSritoDDS
with the subjects and domains of interest of theraidn
ICARE Hence, in both cases, the goal is to model tedsef
their target entities, which are software modute®©ntoDDS
and users iNCARE

When dealing with the needs of users in terms bfestis
and domains of interestCARE allows the users to inform
multiple non-valued keywords, hence not adopting tgpe of
guantification of the importance of each informegikord.

for the implementation of software modules in saftev
projects.

The proposed ontology is part of a recommendation
framework [7] whose main goal is to support projeeinagers
in the process of allocating distributed teams
implementation tasks of software modules in sofenaroduct
line projects.

The OntoDDS ontology has four concept blocks that are
related and that allow to perform the characteinpabf the
following elements in a software projec{i) required

to

Thus, in relation tdOntoDDS, ICAREcan be considered 'esstechnologies to implement software modul@#; skills and

sophisticated or realistic, given th@ntoDDSallows for the
instantiation of multiple valued attributes whichacacterize
the different skill and knowledge levels required doftware
modules.

In an analogous wayCAREalso characterizes the technical

knowledge of the experts through the instantiabdmultiple
non-valued attributes and hence, does not consiter
difference in the knowledge level of those expe@s the

technical knowledge of the development teams in the
technologies required by the software modu(@s; selection
policies; and(iv) technical suitability of the development
teams to the software modules.

Please observe that the four concept blocks reprebe
concretization of each of the competency questimnsthe
proposed ontology, which were mentioned in Figuref3
Section Il. Hence, it can be noticed that tBmtoDDS

other hand, inOntoDDS the knowledge and skill of the ontology performs all the goals it is proposed to.

developers and their teams are considered by #tenitiation

The main contribution of this work, adopting theastgy

of multiple valued attributes, which allows for thegjyide and conquerjs the model and formalization in a

consideration of differences in the knowledge Isvefl these
developers and their respective teams.

ICARE shares the same deficiencies wintoDiSENand
Burbeck’s proposal in the sense that it does néiheleany
mechanism or method to capture the technical krogeeof
experts, leaving to the project manager the resbpitits of
defining a way to gather ther@ntoDDSis different, for it
establishes implementation tables and forms toesgmt the
required technologies and the knowledge and sfkdltsthe
developers.

Finally, we realize thaDntoDiSENdoes not require and
hence does not represent the concept of seleatiticy pfor it
has not the purpose of selecting any kind of targsburce,
but the sharing of contextual information in DSjects. In a
different way, both in the hiring of suppliers inuf®eck’s
proposal as well as in the recommendation of egpart
ICARE a selection policy concept is necessary. Nevietbe
in both proposals the selection policy is implicind
unchangeable in the ontological model, probablyesgnted
as rules to the inference model. Differently froaity we have
the more explicit and configurable model 6htoDDS in
which different selection policies can be defined the
ontology by the project manager and their selectides will
be treated automatically and transparently by th&logy
axioms in the inference engine.

systematic and structured way of an extremely cerpl
problem, which is the selection of technically dfied
distributed teams for the implementation of sofevatodules
in distributed software projects.

The general structure ofOntoDDS is shown in the
conceptual map of Figure 7, where all the problemmodeled
using only 12 classes, related by 23 object pragsednd 11
datatype properties, which, when instantiated, symtematize
the decision making process of the project managgrecially
when observed through the point of view of the high
complexity of the problem, which is clear when thisblem is
dealt with in anad hocway. Besides, the proposed ontology
facilitates the communication between the projeabager and
the team members, because it establishes a common
vocabulary between all the stakeholders in the ctiele
process.

An instantiation ofOntoDDS for a distributed software
project may require a considerable effort for theation of the
instances and their datatype and object propertas
consequently is prone to error which may cause stevaf
time. For instance, considering the use cas#lolfti-MOM,
presented in Section IV, whose architectural ptojeas
grouped into 5 software modules with requirememts7i
different technologies, and was evaluated to tlilsility of
22 teams with 4 different selection policies, thenber of
class instances (3,267), object properties (19,156y
datatype properties (1,982) is staggering, requiria
remarkable effort to manipulate them inside thetdyyé tool.
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Nevertheless,OntoDDS offer an additional tool, its six
axioms that allow for the automatic inference of @bject
property and two datatype properties. In the usse caf

Multi-MOM, the axioms infer 2,376 object properties and 880

datatype properties, representing a coverage aftdl#h5% of
the object properties and 44.4% of the datatyppepties.

It is also important to point out that in spite thie high
number of instances and their respective objectdatdtype
properties, the proposed ontology has potenti@letoeused in
many different scenarios. For instance, once angsadtware
project is instantiated, with its software modulesquired
technologies, candidate teams and adopted seleptticy,
the evaluation of another selection policy may lgasiuse all
the instances and object and datatype propertiaedeto the
software modules, required technologies and catalidams.
In a most significant way, if we devise a data bafsprevious
software projects, including most technologies Ugua
required to implement software modules, a large bemof
candidate teams and the main selection policieptadp the
evaluation of a new software project may also reais¢he
instances and datatype and object properties delatethe
technologies, teams and selection policies.

i. Not adopting the Protégé API tool to manipulate the

ontology database in a programmatic way with Java;
Use cases not performed with real developer teeons f
the software industry;

Adoption of fuzzy terms without using fuzzy logit the
decision making process.

First, without using the API of the Protégé tobk treation
of classes, instances, and object and datatypesgiep was
performed in a completely manual way, being pranertors
and causing waste of time.

Second, the development teams considered in theasse
are fictitious teams based on local software deer® and
students from Computer Science courses, which db
provide for a real validation of the proposed ooty even
though they may make possible to evaluate its ligalind
applicability.

Finally, even though the requirements, skills aunidability
are represented by fuzzy terms, the decision magiogess
modeled in the selection policies does not fullptemnplate
the fuzzyfication, inference and defuzzyficatioeps of the
fuzzy logic, which are based on fuzzy sets andimente
functions.

Even considering the reuse potential of the propose Given those limitations, we identified some futwerks,

ontology, it is still required a considerable effaluring the
manual instantiation to identify and manipulate thetances
and their object and datatype properties that naydused
and those that need to be created.

In order to decrease this effort, the instantiatmnthe
ontology could be performed programmatically, exipig the
API of the Protégé tool, avoiding errors and satinge. Just
as an illustration to the extremely positive impaxt the
programmatic approach, consider an application &/ée
user signalizes in a specific set of tables: tHeveme modules,
required technologies to implement them, the caatdideams
and their members. In such an application, it calidost all
be created in an automatic and transparent walydimg all
instances and object and datatype properties.

Considering the discussed points, we can synthdsige
following direct benefits or additional contributi® of the
adoption ofOntoDDSto the problem of team selection:

i. Better understanding of the problem domain;

ii. Easier communication among the stakeholders in tid

team selection process, given that a common voagbul
is defined,;

Formalization of the concepts and
associated with the team selection process;

. Possibility of performing inferences on the domatmen
backed by tools with support to inference engines;

. Reuse of the information on modules,
technologies and selection policies in differerrsrios
and software projects.

In spite of the relevant benefits and contributioeeme
limitations were observed in the use cases andiomaat in
the previous discussion. The limitations are thiefang:

relationships

teamsq]

among them we include the following:

no

i. Adoption of the Protégé API tool with the goal of
manipulating the ontology database in a progranmmati

way, using, for instance, the framework Jena [33];

ii. Validation of the ontology in a real project wittogally
distributed development teams;

iii. Evaluation of the logical complexity of the ontojog

iv. Full modeling of the decision making process using

fuzzy logic in selection policies.
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