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Apresentacao

O Workshop em Desenvolvimento Distribuido de Software, Ecossistemas de Software e
Sistemas-de-Sistemas (WDES 2016), em sua décima edicdo, traz como principal tema os "Desafios
da Sustentabilidade e da Diversidade no Desenvolvimento de Sistemas de Software". O WDES constitui
um férum para apresentacdo e discussdo de resultados e experiéncias de pesquisadores e praticantes
das dreas de Desenvolvimento Distribuido de Software (DDS), Ecossistemas de Software (ECOS) e
Sistemas-de-Sistemas (SoS), visando a geracdo de conhecimento que possa viabilizar projetos de sucesso
nessas trés dreas e/ou nas suas relagcdes. Além disso, o workshop visa ampliar as possibilidades de
colaboragdo em ambito nacional e internacional, bem como consolidar as pesquisas em DDS, ECOS e SoS
como uma drea estratégica em Engenharia de Software no Brasil, como ocorre no exterior.

O Comité Diretivo do WDES 2016 € constituido por trés pesquisadores de cada uma das areas
envolvidas no workshop. Por sua vez, o Comité de Programa do WDES 2016 é formado por 55
pesquisadores de instituicdes do Brasil e do exterior, com atuag¢do e produgdo relevantes nas dreas de
pesquisa envolvidas no workshop. Os membros do Comité de Programa conduziram um processo rigoroso
de revisdo, sendo que cada artigo foi avaliado por pelo menos trés membros.

O WDES 2016 recebeu 24 submissdes, sendo 22 artigos vélidos (9 em inglés e 13 em portugués).
Apés o processo de revisdo do Comité de Programa, além da andlise final do Comité Diretivo, foram
aceitos 7 artigos completos e 3 artigos curtos. Haverd premiacéo do melhor artigo e convite para submissdo
de versdo estendida para uma edi¢do especial de periddico. Para estimular a discussdo de pesquisas com
potencial, 4 trabalhos serdo ainda apresentados como pdsteres. Por fim, o workshop vai contar com uma
dindmica para a organizacdo da Agenda de Pesquisa e de Colaboragdo da Comunidade WDES.

E com satisfacdo que damos as boas-vindas aos autores e apresentadores de artigos, da academia
e da industria. Também recebemos com grande prazer os demais participantes do CBSoft 2016, que
gostariamos de convidar a tomar parte ativamente das discussdes e momentos de integrag@o proporcionados
pelo workshop. Adicionalmente, gostariamos de agradecer a todos os demais autores que submeteram seus
artigos, aos membros do Comité de Programa e do Comité Diretivo, e aos organizadores e patrocinadores
do CBSoft 2016 pelo suporte na realizagao deste workshop.

Esta edicdo é organizada conjuntamente pela Universidade Federal de Pernambuco (UFPE) e
Softex Recife, Universidade Federal do Amazonas (UFAM) e Instituto de Ciéncias Matematicas e de
Computacio da Universidade de Sao Paulo ICMC/USP). O evento é realizado no Centro Universitdrio
Unicesumar, em Maringd, Parand, Brasil, no dia 21 de setembro, em conjunto com o VII Congresso
Brasileiro de Software: Teoria e Pritica (CBSoft 2016). Esperamos que tenham uma 6tima estada em
Maringa!

Maringa, setembro de 2016.

Ivaldir Honério de Farias Junior (SOFTEX RECIFE - UFPE)
Arilo Claudio Dias Neto (UFAM)
José Carlos Maldonado (ICMC/USP)

ii



Foreword

The Workshop on Distributed Software Development, Software Ecosystems and Systems-of-Systems
(WDES 2016), in its tenth edition, aims at putting together competencies and technologies of these
three related areas: Distributed Software Development (DSD), Software Ecosystems (SECO), and
Systems-of-Systems (SoS). This year’s main topic is “Challenges of Sustainability and Diversity in the
Development of Software Systems”. This workshop consists of a forum for presentation and discussion
of results and experiences of researchers and practitioners of DSD, SECO, and SoS. As its main goal, the
workshop intends to generate knowledge that makes it possible to conduct successful projects in these areas.
Besides, the workshop tries to leverage opportunities for national (and international) collaborations, as well
as strengthen researches on DSD, SECO, and SoS as a strategic area in the Brazilian Software Engineering,
as abroad.

The WDES 2016 Steering Committee is composed of three researchers from each workshop area.
For its part, the WDES Program Committee is composed of 55 researchers from national and international
institutions, with relevant expertise and production in the related research areas of the workshop. Members
of the Program Committee conducted a rigorous review process, in which each article was assessed by at
least three members.

In this WDES edition, we received 24 submissions being 22 valid papers (9 papers in English and
13 in Portuguese). After the reviewing process from the Program Committee and the final analysis of the
Steering Commiittee, 7 full papers and 3 short papers were accepted. There will be an award for the best
paper and an invitation to submit an extended version to a special issue of a journal. Additionally, 4 papers
will be presented as posters, since they discuss potential research ideas. Finally, we will promote a Special
Session to define the WDES Research and Collaboration Roadmap.

We welcome the authors and articles presenters with delight, from both academia and industry. We
also welcome with great pleasure the CBSoft 2016 participants, which we would like to invite to actively
take part in discussions and integration moments provided by the workshop. Additionally, we would like to
thank all the other authors who submitted their articles, the Steering and Program Committee members, and
the organizers and sponsors of CBSoft 2016, for their support for the accomplishment of this workshop.

This edition is jointly organized by the Federal University of Pernambuco (UFPE) and Softex
Recife, the Federal University of Amazonas (UFAM) and the Institute of Mathematics and Computer
Science of the University of Sao Paulo (ICMC - USP). The event is held in the University Center of Maringi,
in Maringa, State of Parana, Brazil, on September 21st, co-located with VII Brazilian Congress on Software:
Theory and Practice (CBSoft 2016).

We wish a pleasant stay in Maringa!

Maringé - Parand, September 2016.

Ivaldir Hondrio de Farias Junior (SOFTEX RECIFE - UFPE)
Arilo Claudio Dias Neto (UFAM)
José Carlos Maldonado (ICMC/USP)
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Towards a Model for Task Allocation in Distributed
Software Development

Marum Simio Filho'?, Placido R. Pinheiro?, Adriano B. Albuquerque?
'Faculdade 7 de Setembro — FA7 — Fortaleza, CE — Brasil
2Universidade de Fortaleza — UNIFOR — Fortaleza, CE — Brasil

{marumsimao,placidrp}@gmail.com, {marum,placido,adrianoba}@unifor.br

Abstract. The management of distributed software development projects
presents many challenges. One of them consists of the allocation of tasks
between remote teams. When allocating a task, the project manager takes into
account factors such as technical expertise and time zone. The project manager
usually makes this decision in a subjective way. The verbal decision analysis is
an approach based on solving problems through multi-criteria qualitative
analysis. This paper describes the progress of studies towards the definition of
a model for task allocation in projects of distributed software development
based on verbal decision analysis methods ORCLASS and ZAPROS I11-i.

1. Introduction

The development of systems is a business that is still growing a lot on the world scenario.
Historical players of the computing area, such as IBM, Oracle, SAP and Microsoft, are
increasingly consolidated. With the advent of the Internet and the Web, other companies
established and consolidated as giants. In this case, Google and Facebook appear as the
best examples. These consolidated companies attend to different segments of activity,
from industry to trade, from financial system to power generation, from agriculture to
civil construction, from entertainment to education. The types of systems are also as
diverse as possible: integrated management systems, operating systems, among others.

Time requirements have become more demanding, in other words, clients cannot
expect 2 to 3 years for a system or application any more. This dynamic business
environment requires organizations to develop and evolve software at much higher speeds
than in the past. New methodologies, as the agile ones, arose and brought a new way of
thinking about building software, focusing mainly on the result for the customer, i.e. the
customer product delivery.

Large software companies often have offices in several different cities, or even,
in different countries, to serve customers around the world. The teams in the various
offices can have different profiles or expertise. Some teams perform tasks that require
proximity to customer, but other tasks can be done remotely. Some kinds of activities can
be carried out away from the big cities, where labor is often more expensive. Thus, the
companies take advantage of the cheap work force.

Software development consists of several different activities, such as
requirements elicitation, analysis and design, coding, testing, among others.
Organizations that work with well-designed projects and adopt consistent methodologies
can distribute these activities among different sites, benefiting from the best skills of each
local team. In this scenario, a company that has remote offices can distribute its work
packages in several ways.



In this context, the project manager must decide which task to allocate to each
remote team based on various criteria. This is a decision-making problem with a high
degree of subjectivity, which is appropriate for verbal decision analysis. Considering the
given scenario, this paper describes a proposal of a model to aid task allocation in projects
of distributed software development based on the verbal decision analysis methods
ORCLASS and ZAPROS III-i. Preliminary researches and initial results are presented.

The remainder of the paper is organized as follows: Section 2 shortly presents
issues involving task allocation in software distributed development. Section 3 provides
a brief description of the verbal decision analysis methods ORCLASS and ZAPROS III-
1. Section 4 describes the preliminary researches towards the elaboration of the allocation
model. Section 5 presents some initial results. Section 6 introduces the proposed model.
Finally, in Section 6, we provide the conclusions and suggestions for further work.

2. Task Allocation in Distributed Software Development

The allocation of tasks is a critical activity for any kind of project, especially in a
distributed scenario. Most of the time, few factors drive the allocation of tasks, such as
hand labor costs. Risks and other relevant factors such as the workforce skills, innovation
potential of different regions, or cultural factors are often insufficiently recognized
(Lamersdorf, Miinch and Rombach, 2008).

Many studies about task allocation in Distributed Software Development (DSD)
have been carried out along the years aiming at mapping this topic and its features.
Lamersdorf, Miinch and Rombach (2008) developed an analysis of the existing
approaches to distribution of duties that involved procedures for the distributed
development, distributed generation, and distributed systems areas. Lamersdorf, Miinch
and Rombach (2009) conducted a survey on the state of practice in DSD in which they
investigated the criteria that influence task allocation decisions. Lamersdorf and Miinch
(2010) presented TAMRI (Task Allocation based on Multiple cRIteria), a model based
on multiple criteria and influencing factors to support the systematic decision of task
allocation in distributed development projects.

Ruano-Mayoral et al. (2013) presented a methodological framework to allocate
work packages among participants in global software development projects. Marques et
al. (2011) performed a systematic mapping, which enabled to identify models that
propose to solve the problems of task allocation in DSD projects. They intended to
propose a combinatorial optimization-based model involving classical task scheduling
problems. Marques, Rodrigues and Conte (2012) performed a tertiary review applying
the systematic review method on systematic reviews that address DSD issues on task
allocation.

Galvina and Smite (2011) provided an extensive literature review for
understanding the industrial practice of software development processes and concluded
that the evidence of how these projects are organized is scarce. Babar and Zahedi (2012)
presented a literature review considering the studies published in the International
Conference in Global Software Engineering (ICGSE) between 2007 and 2011. They
found that the vast majority of the evaluated studies were in software development
governance and its sub-categories, and much of the work had focused on the human
aspects of the GSD rather than technical aspects.



Almeida, Albuquerque and Pinheiro (2011) presented a multi-criteria decision
model for planning and fine-tuning such project plans: Multi-criteria Decision Analysis
(MCDA). The model was developed using cognitive mapping and MACBETH
(Measuring Attractiveness by a Categorical Based Evaluation Technique) (Bana e Costa
et al. (2011). In Almeida, Albuquerque and Pinheiro (2011a), they applied (MCDA) on
the choice of DSD Scrum project plans that have a better chance of success. Simao
Filho, Pinheiro and Albuquerque (2015) conducted a quasi-systematic review of studies
of task allocation in DSD projects that incorporate agile practices. The study brought
together a number of other works, allowing the establishment of the many factors that
influence the allocation of tasks in DSD.

3. Verbal Decision Analysis

Decision-making is an activity that is part of people's and organizations’ lives. In most
problems, to make a decision, a situation is assessed against a set of characteristics or
attributes, i.e., it involves the analysis of several factors, also called criteria. When a
decision can generate a considerable impact, such as management decisions, and must
take into account some factors, the use of methodologies to support the decision-making
process is suggested, because choosing the inappropriate alternative can lead to waste of
resources, time, and money, affecting the company.

The decision-making scenario that involves the analysis of alternatives from
several viewpoints is called multi-criteria decision analysis and is supported by multi-
criteria methodologies (Bana e Costa, 1992). These methodologies favor the generation
of knowledge about the decision context, which helps raise the confidence of the decision
maker (Evangelou, Karacapilidis, and Khaled, 2005). The Verbal Decision Analysis
(VDA) is an approach to solving multi-criteria problems through qualitative analysis
(Larichev and Brown, 2000). VDA supports the decision-making process through the
verbal representation of problems. VDA methodologies can be used for ordering or
sorting the alternatives. Among the classification methods, we can mention ORCLASS,
SAC, DIFCLASS, and CYCLE. Some sorting methods are PACOM, ARACE, and those
from the ZAPROS family (ZAPROS-LM, STEPZAPROS, ZAPROS III and III-i)
(Tamanini, 2014).

3.1. The ORCLASS Method for Classification

ORCLASS methodology aims at classifying the alternatives in a given set: the decision
maker needs these alternatives to be categorized into a small number of decision classes
or groups, usually two. The first group covers the most preferable alternatives, and the
less preferable alternatives belong to the second one (Larichev and Moshkovich, 1997).

The flowchart to apply the ORCLASS method was presented in (Tamanini, 2010).
In that scheme, the application of the ORCLASS method can be divided into three stages.
In the first stage, the problem’s formulation, the set of criteria, criteria values, and the
decision groups are defined. Then, the construction of the classification rule is carried out
based on the decision maker’s preferences. We use the same concepts presented in
(Larichev and Moshkovich, 1997), based on which a classification task is presented as a
set of boards. Each cell of the board is composed of a combination of values for each
criterion defined for the problem, which represents a possible alternative to the problem
(Machado, 2012). Finally, the results are generated and analyzed, i.e., the alternatives are
classified into two groups, the preferable and the not preferable ones.



3.2. The ZAPROS III-i Method for Rank Ordering

The ZAPROS methodology aims at ranking multi-criteria alternatives in scenarios
involving a rather small set of criteria and criteria values, and a great number of
alternatives (Larichev, 2001). ZAPROS-III-i method's flowchart to rank order a set of
alternatives can be found in (Tamanini, 2010), which is divided into three stages: Problem
Formulation, Elicitation of Preferences and Comparison of Alternatives.

In the first stage, the relevant criteria and their respective values to the decision-
making process are obtained. In the second stage, the scale of preferences is generated
based on the decision maker’s preference. In the last stage, the method performs the
comparison between the alternatives based on the decision maker’s preferences. The
method carries out the elicitation of preferences by comparing vectors of alternatives
(Tamanini and Pinheiro, 2008).

4. Preliminary Researches

To classify and rank order the most important factors that project managers should take
into account when allocating tasks in projects of distributed development of software, we
applied a hybrid methodology, which consists of five main steps, as explained in the next
subsections.

A - Identification of the Influencing Factors

First, we conducted a literature research to identify the main influencing factors that
should be considered when allocating tasks in projects of distributed development of
software. Table 1 shows the factors found as result of this research, and that worked as
the alternatives to our decision problem (Simao Filho, Pinheiro and Albuquerque, 2015).

Table 1. Influencing Factors on Task Allocation in DSD Projects

ID Alternatives

Factorl Technical expertise
Factor2 Expertise in business
Factor3 Project manager maturity
Factor4 Proximity to client
Factor5 Low turnover rate
Factor6 Availability

Factor7 Site maturity
Factor8 Personal trust
Factor9 Time zone

Factorl10 Cultural similarities
Factorll Willingness at site

B - Definition of the Criteria and Criteria values

Next, we interviewed a group of 4 project management experts to define the criteria and
the criteria values. This is the definition stage of the criteria. For each criterion, we
established a scale of values associated with it (Machado et al., 2010). The criteria values
were ordered from the most preferable value to the least preferable one.

As result of this step, we got the list of criteria and criteria values for the problem
of selecting the most important factors to be considered in task allocation in DSD projects,
which is listed on Table 2 (Simao Filho, Pinheiro and Albuquerque, 2016¢).



C - Definition of Alternatives, Decision Groups, and Alternatives’ Characterization

We created a questionnaire to gather information and opinions about the factors that
influence the allocation of tasks in DSD projects. We applied the questionnaire over the
Web to a group of 20 project managers and consisted of two sections. The first section
aimed to trace the respondents profile about his/her professional experience and education
(Simao Filho, Pinheiro and Albuquerque, 2016c¢).

The respondents’ profiles can be summarized as follows. 30% of respondents have
bachelor's degree, 60% have master's degrees and 10% are doctors or higher. All
respondents work with software development for over 8 years. 40% work in private
companies and 60% in public companies. 65% work in companies whose business is to
provide IT services whereas 35% do not. 40% of respondents have between 4 and 8 years
of experience in managing software development projects whereas 60% have more than
8 years. 65% have some certification in project management while 35% do not have any
certification. 80% of respondents managed more than 8 software development projects
and 20% managed less than 8 projects. Considering projects of distributed development
of software, 20% of respondents managed more than 8 projects, 55% managed from 1 to
8 projects, and 25% did not manage any project.

The second section of the questionnaire inquired the views of experts on the
factors that influence the allocation of tasks in DSD projects (the influencing factors
shown in Table 1). For our problem, we described such influencing factors as alternatives.
Thus, in every question, the professional analyzed the influencing factors about a set of
criteria and criteria values (shown in Table 2) and selected what criterion value that best
fitted the factor analyzed.

Table 2. List of criteria and criteria values with description

Criteria Criteria Values Description
Al It facilitates much | The implementation of the remote task is much easier if the factor is present.

A: Facility for

carrying out the ATt facilitates The implementation of the remote task is easier if the factor is present.
task remaotely . The presence of the factor is indifferent to the implementation of the remote
A3, Indifferent task.
. . The presence of the factor can cause much reduction of the peried referred to
B1. High gain perform the task.
B: Tiume for the B2 Moderate zai The presence of the factor may canse some reduction of the time limit for
project <- Minderate gam performing the task.
B3 No eai The presence of the factor does not cause changes to the deadline to execute the
3. No gain task
. . The presence of the factor can cause a lot of cost reduction expected to perform
C1. High gain the task.
C: Cost for the €7 Moderate =ai The presence of the factor may cavse some reduction of the time limit for
project < Moderate gan performing the task.
C3. No oai The presence of factor induces no change compared to the estimated cost to
2o g perform the task.

Then, we analyzed the responses to determine the criteria values representing the
alternatives. For each influencing factor, we filled the final table based on the replies of
the majority of professionals. We then selected the value of the criterion that had the
greatest number of choices to represent the alternative. Thus, the decision groups were
defined as follows. Group I: The influencing factors that will be selected as the most
important ones that project managers should take into account when allocating tasks to
remote teams (the preferable factors). Group II: The influencing factors that should be
less considered by project managers when they need to allocate tasks to remote teams
(not preferable factors).



D - The ORCLASS Method Application

We used the ORCLASSWERB tool to aid the application of the ORCLASS method. It is
divided into four steps: Criteria and criteria value definition; Alternatives definition;
Construction of the classification rule; and Results Generation (Machado, Pinheiro and
Tamanini, 2014). In this step, we had the support of an experienced project manager to
answer the questions generated by the ORCLASS method to classify the alternatives. The
classification rule was completed based on the decision-maker choices. In the end, the
tool processed the full classification of the alternatives.

As result of applying the ORCLASS method, we got the following factors to
compose the Group I (the preferable factors): Factor]l - Technical expertise, Factor2 -
Expertise in business, Factor3 - Project manager maturity, Factor4 - Proximity to client,
Factor5 - Low turnover rate, Factor6 - Availability, Factor7 - Site maturity, Factorll -
Willingness at site, and Factor8 - Personal trust. They are the most important ones that
project managers should consider when allocating tasks in projects of distributed
development of software. In the Group II, which was composed of the least preferable
factors, we got the following factors: Factor9 - Time zone and Factor10 - Cultural
similarities (Simao Filho, Pinheiro and Albuquerque, 2016c¢).

E - The ZAPROS-III-i Method Application

After determining the preferred factors using the OSCLASS method, we moved on to the
ordering stage. At this stage, we applied the ZAPROS III-i method to put in order the
preferable factors, such that it is possible to establish a ranking of preferred factors. In
this step, the least preferable factors were discarded, thereby reducing our workspace
(Simao Filho, Pinheiro and Albuquerque, 2016a).

To facilitate the decision-making process and perform it consistently, we used the
ARANAU tool, presented in (Tamanini, 2007). The use of ZAPROS III-i method in the
ARANAU tool requires four steps. First, we introduced the criteria presented in the
problem into the ARANAU tool. Next, the decision-maker decides the preferences. The
tool presents questionings that can be easily answered by the decision-maker to obtain
the scale of preferences.

The process occurs in two stages: elicitation of preferences for quality variation
of the same criteria and elicitation of preferences between pairs of criteria. The questions
provided require a comparison considering the two reference situations (Tamanini, 2010).
Once the scale of preferences is structured, the next step is to define the problem’s
alternatives. The alternatives to our problem are the preferable factors integrating of
Group .

4.1. Initial Results

After introducing all the data and answering the necessary questions, the decision maker
is presented with the result in a table containing the alternatives and their criteria
evaluations, formal index of quality and rank, as exposed in Table 3. Note that there are
five alternatives (factors) that are in the same ranking position (first position), and their
FIQ’s values are equals to zero. This occurs because all of them got the best evaluation
according to the survey filled out by the professionals (Al, B1, C1), which is the best
possible evaluation (Simao Filho, Pinheiro and Albuquerque, 2016b).



Table 3. The final ranking of alternatives

Rank | Alternative Representation FIQ
1 Factor] - Technical expertise AlBICI1 0

1 Factor2 - Expertise in business AlBICI1 0

1 Factor5 - Low turnover rate AlBICI1 0

1 Factor6 - Availability AlBICI1 0

1 Factorl1 - Willingness at site AlBICI1 0

2 Factor7 - Site maturity AlIB1C2 6

3 Factor4 - Proximity to client Al1B2C2 10

4 Factor3 - Project manager maturity A2B2C2 11

5 Factor8 - Personal Trust A2B2C2 11

5. A Proposal of a Model for Task Allocation in DSD Projects Based on VDA

Based on preliminary researches, we propose a model to aid the task allocation in projects
of distributed software development. The model is founded on multi-criteria methods of
VDA: ORCLASS for classification, and ZAPROS III-I for rank ordering. The proposed
model is structured into four activities: (1) problem characterization, (2) rank ordering
the preferable influencing factors (for each kind of software development work package),
(3) definition of the scoring rules for remote teams, and (4) construction of the comparison
method among remote teams.

In order to achieve a more precise and less general result, we decided to replicate
the process of determining the influencing factors for the main groups of tasks in a
traditional software development process. We intend to take some work packages (also
known as “workflows”) from RUP (Rational Unified Process) as starting point, since it
is a well known process and widely used throughout the world. Because the following
subjects are more likely to be developed remotely, they were chosen to compose the
model: requirements, analysis and design, implementation and testing (Kruchten, 2004).

Figure 1 shows a flowchart for the proposed model. The problem characterization
activity is divided into three tasks: identification of the influencing factors; definition of
the criteria and criteria values; and definition and characterization of the alternatives and
definition of the decision groups, for each type of software development task package. In
the first task, we will conducted a literature research to identify the main influencing
factors that should be considered when allocating tasks in DSD projects. Next, we will
interview a group of project management experts to define the criteria and the criteria
values in order to assess the influencing factors. Then, we will apply a questionnaire to
gather expert’s opinions about the factors that influence task allocation in DSD projects.
We intend to apply the questionnaire over the Web to project managers of various
companies so that we can define and characterize the alternatives, besides defining the
decision groups, for each type of software development task package (requirements,
analysis and design, implementation and testing), according to VDA methodologies.

In the second activity, rank ordering the preferable influencing factors, first we
will classify the influencing factors into preference groups, according to ORCLASS
method. Then, we will rank order the influencing factors of the preferable group,
according to ZAPROS III-i method. These tasks will be applied for each type of software
development task package.

After that, we will move to the next activity, i.e., the definition of the scoring rules
for the influencing factors for each location. This activity is still under research. Finally,



the construction of the method to allow the comparison among remote teams will be
developed. This activity is also under research. In the end, for each type of work package,
we will be able to compare the influencing factors among the various locations and thus
choose the location that has the best rate. The team at this place should be allocated to
develop the work package.

Problem Characterization for each type of
task package

¥

Y as Definition and
— characterization of the
alternatives, and definition
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Identification of
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Rank ordering the preferable

infl ing fact
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Figure 1. Flowchart for the Proposed Model

6. Conclusion and Future Works

The main contribution of this work was to describe the proposal of a model to aid task
allocation in projects of distributed development software based on VDA. The proposal
involves applying a hybrid methodology based on ORCLASS and ZAPROS III-i methods
of VDA framework to classify and rank order the most important factors that project
managers should consider when allocating tasks among distributed teams. Preliminary
researches were developed which allowed us to present some initial results.

As future work, we intend to classify the influencing factors into preference
groups for each kind of work package based on RUP disciplines. We also need to rank
order the influencing factors for each kind of work package based on RUP disciplines. In
addition, we plan to define the scoring rules for the factors on each site to allow the
comparison among the remote teams. Finally, we intend to apply the proposed model in
some real projects, and analyze the results in order to check the efficacy of the model.
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Abstract. Distributed Software Development (DDS) has increased been adop-
ted in the Brazilian IT (Information Technology) industry, even it with many
challenges. Many these challenges are related to communication fails among
teams. Thus, this study aims to identify the main factors that affect communi-
cation in DDS projects in the Brazilian IT industry and strategies to mitigate
these challenges. Our data collection came from interviews with ten project ma-
nagers from different IT organizations located in Brazil. As a result, we found
seven factors, which affect communication in DDS projects and eleven strategies
to reduce communication problems.

Resumo. O Desenvolvimento Distribuido de Software (DDS) vem sendo cada
vez mais adotado na indistria brasileira de tecnologia de informagdo (TI), em-
bora ainda existam muitos desafios para sua prdtica. Muitos destes desafios
originam-se de falhas na comunicacdo entre equipes. Este artigo visa identi-
ficar os principais fatores que afetam a comunicacdo em projetos de DDS na
industria brasileira de TI e estratégias adotadas para a mitigacdo desses fa-
tores. Os dados deste estudo foram coletados através de entrevistas realizadas
com dez gerentes de projetos de diferentes empresas de TI localizadas no Brasil.
Como resultado, foram identificados sete fatores que que afetam a comunica¢do
em projetos de DDS e onze estratégias para reduzir problemas de comunicagdo.

1. Introducao

O Desenvolvimento Distribuido de Software (DDS) é uma tendéncia na industria bra-
sileira de software. Entretanto, ainda existem muitos desafios para a sua prdtica
[Jimenez et al. 2009]. Em projetos que adotam o DDS, o gerenciamento das informagdes
requer atencao especial, pois suas caracteristicas Gnicas podem potencializar as probabi-
lidades de falha na comunicacao.

Existem evidéncias de que projetos de DDS podem trazer beneficios para as em-
presas, como acesso a locais com abundancia de mao de obra especializada, reducdo nos
custos e proximidade com os clientes [Sievi-Korte et al. 2015], mas também existem al-
gumas barreiras a serem transpostas para que esses projetos possam ser mais eficientes.
Alguns dos principais desafios nesse tipo de projeto remetem a comunicagdo, consciéncia
de grupo e coordenacio das equipes, entre outros [Jimenez et al. 2009].
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Falhas na comunicacdo podem levar ao aumento de custos € mudangas no cro-
nograma [Mishra and Mahanty 2015], o que impacta diretamente no planejamento € na
execucdo do projeto. Quando os membros da equipe ndo se entendem, as possibilida-
des de as tarefas ndo serem executadas ou serem executadas erroneamente sao grandes, e
dessa maneira o cronograma e o plano do projeto sdo negativamente impactados.

No presente artigo, sdo investigados os fatores que afetam a comunicagdo e estra-
tégias adotadas para reduzir as falhas de comunica¢do em projetos DDS. Para isto, foram
realizadas entrevistas com gerentes de projetos sobre os problemas de comunicag¢do mais
frequentes ou impactantes, € como eles lidam com essas questdes. Os respondentes fa-
zem parte de uma amostra composta por organizacdes globais de desenvolvimento de
software. Os gerentes de projetos sdo brasileiros, mas atuam em organiza¢des que pos-
suem sites distribuidos em diferentes paises. Por motivos de confidencialidade, ndo é
permitido dar um maior detalhamento dessa amostra.

Para que os resultados da pesquisa fossem alcancados, procedeu-se uma andlise
qualitativa, onde foram analisadas dez entrevistas, realizadas com gerentes de projetos
que atuam ou atuavam em projetos DDS na industria brasileira. A principal contribui¢do
refere-se a um conjunto de estratégias de mitigacao relacionadas aos fatores que afetam a
comunicacao.

Este artigo estd organizado da seguinte forma: na Secdo 2 € apresentada a base
tedrica deste estudo, a qual fornece uma visdo geral do DDS e apresenta os trabalhos
relacionados. Na Secdo 3, € descrita a metodologia de pesquisa empregada neste estudo.
Na Secdo 4, sao apresentados os resultados obtidos, os quais sdo discutidos na Secdo 5.
A Secdo 6 apresenta as limitagdes, e a Secdo 7 traz as conclusdes obtidas neste estudo e
identifica as oportunidades para trabalhos futuros.

2. Base Teorica

O PMBOK (Project Management Body of Knowledge) diz que o gerenciamento das co-
municacgdes € uma das dez dreas essenciais a serem levadas em consideragdo para o geren-
ciamento dos projetos [PMI 2013]. Essa drea de conhecimento retine procedimentos para
planejamento, coleta, criacdo, distribuicdo, armazenamento, recuperacao, gerenciamento,
controle, monitoramento e disponibilizacdo oportuna e apropriada das informagdes em
um projeto. Gerenciar a comunicagdo é um processo complexo que deve ser cuidado-
samente desenhado e executado de maneira que facilite os processos de planejamento,
gerenciamento e controle das informagoes.

Um projeto DDS permite que os membros sejam alocados em varios sites remotos
durante o projeto do software, criando uma rede de sub-times geograficamente dispersos
[Jimenez et al. 2009]. De acordo com Dingsoyr e Smite [Dingsoyr and Smite 2014], o
DDS continua sendo um desafio para muitas empresas, que ainda estdo se esfor¢cando
para aumentar a eficicia de seus projetos. Além disso, as caracteristicas do DDS agregam
mais complexidade aos processos de software ja existentes [Colomo-Palacios et al. 2014].
Um exemplo disso sdo os processos que requerem um grande fluxo de comunicagao.
A comunicacdo no DDS em escala global se torna dificil, principalmente devido as
diferentes linguas, culturas e a distribuicdo das equipes em diferentes fusos-hordrios
[Calefato et al. 2012]. Por outro lado, outras caracteristicas do DDS como a distribui-
cado da equipe em diferentes locais de desenvolvimento possibilita a alocacdo de recursos
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qualificados para o projeto. Essa caracteristica do DDS € considerada uma vantagem, pois
permite que a empresa crie equipes especializadas [Nguyen-Duc et al. 2015].

2.1. Trabalhos Relacionados

Falhas na comunica¢do com o cliente ou com a equipe remota ¢ um problema que
pode ter consequéncias desastrosas em um projeto de DDS. No estudo conduzido por
[Daim et al. 2012], foram identificados cinco fatores que influenciam em falhas na co-
municacdo em equipes geograficamente dispersos. Esses fatores sdo: confianca, relacdes
interpessoais, diferencas culturais, lideranca e tecnologia. Tendo em vista que todos esses
fatores requerem atencdo redobrada, é de extrema importancia que o gerente do projeto
exerca a lideranca de maneira a direcionar os integrantes da equipe do projeto para que
ajam como uma equipe, perseguindo os objetivos do projeto em conjunto.

No estudo realizado por [Anderson et al. 2007], foi investigada a natureza da co-
municagdo em reunides de equipes virtuais. Foi analisado o quanto, qual o contetddo e
qual o padrdo das interagOes entre as pessoas que se comunicam utilizando ferramentas
institucionais, como video-conferéncias e aplicativos para compartilhamento, por exem-
plo. Observou-se que o uso dessas tecnologias aumentou significativamente a troca de
informacdes e comunicagdo entre os membros das equipes distribuidas.

A importancia das tecnologias de informacdo e telecomunicagdo para estabele-
cer e manter a confianca em projetos distribuidos é refor¢cada em [Stawnicza 2015]. Este
estudo também mostra como o uso dessas tecnologias colabora para reforcar o senti-
mento de unidade das equipes. [Weimann et al. 2013] complementa que a m4 escolha de
tecnologias de comunicagdo ou acesso limitado a internet influenciam no desempenho,
satisfacdo das equipes e reduzem a eficiéncia na troca de informagdes entre as equipes.

No estudo realizado por [Paasivaara and Lassenius 2003] é apresentada uma cole-
cdo de processos e praticas que podem ser utilizados para minimizar o efeito da dispersao
geografica em equipes distribuidos. Dentre as préticas citadas, trés sdo centradas na co-
municacgdo: resolu¢do de desafios, informacao e monitoramento e praticas de constru¢ao
de relacionamentos.

As dimensdes psicoldgicas relacionadas ao sentimento de distancia entre os inte-
grantes de equipes distribuidos € alvo do estudo de [Prikladnicki 2012]. Nesse estudo,
identificou-se que a comunicacdo € um dos fatores mais criticos quando se trata de per-
cep¢do da distancia pelas pessoas.

[Herbsleb et al. 2005] introduz a importancia do aspecto cultural na comunicagao
em projetos distribuidos. Algumas diferencas culturais sdo bastante peculiares, e acabam
por gerar barreiras de comunicac¢do nos projetos. Por exemplo, entre a cultura asidtica
e a cultura europeia e americana, encontra-se diferencas entre a maneira das pessoas ao
expressar acordo e desacordo, assim como em questionar quando ndo se entende determi-
nado topico. Os americanos e europeus normalmente sdo mais francos e diretos quando
ndo concordam, e perguntam mais quando ndo entendem determinado tépico, diferente-
mente dos asidticos. Assim, € necessdrio se certificar de que houve pleno entendimento
por parte de seus equipes, para garantir que o trabalho seja feito conforme o planejado.

Em comparagdo com os trabalhos acima citados, o presente estudo mostra o cend-
rio de comunicac¢do dos gerentes de projetos de DDS que atuam na industria brasileira de
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TI. Como um dos principais diferenciais a ser apresentado, ressalta-se os problemas no
contexto da industria brasileira de software.

3. Metodologia de Pesquisa

Entrevistas foram conduzidas com gerentes de projeto de diferentes organizacdes com o
objetivo de identificar ambientes de comunicagdo, desafios de comunicacdo em projetos
de DDS e solucdes para mitiga-los. Para isso foram definidas trés perguntas, as quais
guiaram as entrevistas.

1. Vocé poderia descrever o ambiente de comunicagdo em projetos DDS?

2. Voce poderia descrever os fatores que afetam a comunicagdo e que levam a crises
em projetos DDS?

3. Vocé poderia descrever estratégias/solucdes para mitigar esses fatores que afetam
a comunicagdo em projetos DDS?

Foram coletados dados de dez gerentes de projeto localizados em organizagdes
no Brasil. As entrevistas foram realizadas no periodo entre outubro de 2014 e marco de
2015. O nivel de experiéncia dos participantes € de, em média, seis anos. A maioria dos
participantes também possuia experiéncia prévia como desenvolvedor de software. Na
Tabela 1 sdo apresentadas informagdes sobre os participantes.

Tabela 1. Detalhes dos participantes entrevistados neste estudo.

Participante | Projetos DDS gerenciados | Experiéncia na geréncia de projetos DDS
1 26 7 anos
2 7 9 anos
3 10 11 anos
4 15 10 anos
5 5 2 anos
6 20 8 anos
7 6 8 anos
8 8 8 anos
9 6 4 anos
10 4 8 anos

Neste estudo foi empregada a anélise de conteudo, que € um tipo de andlise quali-
tativa dos dados, a qual contribuiu para identificar os principais desafios de comunicacio
como também suas consequéncias para o desenvolvimento de projetos distribuidos.

4. Resultados

Nesta secdo sao reportados os resultados deste estudo. Os resultados entdo organizados
nos trés principais tépicos investigados: 1) Ambiente de comunicagdo em projetos de
DDS, 2) Fatores que afetam a comunicagdo, e 3) Estratégias/solu¢des para mitigar pro-
blemas de comunicacao.

4.1. Ambiente de Comunicacido em Projetos DDS

O ambiente de comunicacdo em projetos de DDS pode variar de acordo com o nimero de
sites em um projeto. Um vez que os membros da equipe estdo distribuidos em diferentes
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sites, eles adotam diferentes ferramentas de comunicagao tais como: e-mail, IM (Instant
Message) e conference calls, incluindo VOIP, conference bridge (tipo especializado de
equipamento que conecta linhas de telefone) e video conferéncia.

De acordo com os participantes, o e-mail e o IM sdo as tecnologias mais utilizadas
para comunicagdo em projetos de DDS. Em segundo lugar aparecem as conference calls.
Esse tipo de tecnologia € utilizada para discutir e resolver problemas técnicos. Skype e
Live Meeting sdo exemplos de tecnologias que permitem a realizag¢do de conference calls.

A tecnologia de video conferéncia, embora recomendada pela literatura
[Paasivaara et al. 2008] e reconhecida pelos participantes como uma tecnologia que apro-
xima os membros da equipe e facilita a comunicagdo, é adotada esporadicamente em pro-
jetos de DDS. Sua adog¢do se da principalmente na fases iniciais do projeto com o objetivo
da equipe conhecer os membros envolvidos no projeto. Ao longo do projeto, a sua adocao
vai diminuindo. Os participantes descrevem a tecnologia de video conferéncia como um
6timo recurso para facilitar a comunicacdo, embora ndo sendo muito adotado. De acordo
com os participantes, equipes distribuidas de software preferem manter a comunicagado de
maneira impessoal, onde o foco é somente o dudio. Além disso, os participantes reporta-
ram que muitos projetos ndao adotam a tecnologia de video conferéncia, nem mesmo nas
fases iniciais do projeto.

Os participantes também reportaram a adogdo de viagens de trabalho entre sites
para realizar a comunicac@o. Segundo os participantes, as viagens sdo realizadas durante
as fases iniciais do projeto para transferir conhecimento entre sites ou iniciar um novo
dominio de aplicacdo. Entretanto, ao longo dos anos essa estratégia de comunica¢do vem
sendo menos adotada por organiza¢des devido ao aumento de custos € os avancos da
tecnologia.

4.2. Fatores que Afetam a Comunicacio

Em projetos de DDS diferentes fatores podem afetar a comunicacdo. Tais fatores resul-
tam em falhas de comunica¢do que consequentemente levam a crises no projeto. Entre
esses fatores podemos citar o nao entendimento de requisitos, a falta de consenso para
resolver problemas técnicos, a falta de confianca entre os membros da equipe, etc. A
Tabela 2 apresenta os principais fatores que afetam a comunicagao segundo o relato dos
participantes.

Tabela 2. Fatores que afetam a comunicagao.
Id. Fatores
Falta de comprometimento e engajamento da equipe
Excesso de e-mails trocados entre a equipe
Atrasos para receber feedback e atualizagdes de outros sites
Falta de conexdo com a Internet durante viagens de trabalho
Falta de compreensao do idioma
Informagdo incompleta ou incorreta
AtualizacGes de infraestrutura durante o projeto

N NN AW N~

A falta de comprometimento e engajamento € vista pelos participantes como o
principal fator que afeta a comunicagao e que resulta em falhas do projeto. Um tipico ce-
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ndrio onde os membros da equipe ndo estdo comprometidos ou engajados constantemente
apresenta atrasos para dar ou receber feedback e atualizagdes. A equipe estd desmotivada
e hd uma excessiva troca de e-mails entre a equipe, onde percebe-se que nio ha progresso
ou nenhuma conclusdo € atingida.

De acordo com os participantes, a cultura dos brasileiros impde que tudo seja
documentado e que todas as pessoas envolvidas sejam copiadas nos e-mails. O uso do
e-mail é visto como uma forma de documentar os problemas e as solucdes dadas a es-
tes. As reunides por telefone ou ainda conference calls somente sdo utilizadas em casos
emergenciais. Em alguns casos, os membros da equipe estdo a poucos metros distantes
um dos outros. Além disso, o uso de diferentes palavras para um mesmo significados é
um exemplo de frequentes equivocos que acontecem na troca de e-mails.

Falhas na comunicagdo também ocorrem quando a informacgdo trocada entre a
equipe € incompleta ou incorreta. Os participantes reportam principalmente erros nas es-
timativas de prazos dadas pela equipe para completar uma tarefa e a falta de compreensao
do idioma, uma vez que nem todos os membros da equipe sdo proficientes no idioma in-
glés. Em alguns casos, as falhas de comunicagdo resultam em dois ou trés dias de atraso
no projeto. Ainda, os participantes reportam que, embora haja motivacao dos membros de
equipes para aprender um novo idioma, equivocos de comunicagdo sao frequentes. Ainda
com relacdo ao idioma, os participantes relatam que um dos principais desafios para re-
alizar a comunicacao efetiva em projetos distribuidos € a descoberta da informacio que
estd sendo solicitada ou transferéncia da informacdo. Devido a falta de proficiéncia no
idioma, a informacao precisa ser repetida inimeras vezes para ser entendida pela equipe.

A comunicag¢do na forma escrita, bastante frequente em projetos distribuidos, tam-
bém € motivo de preocupagdes. Por exemplo em féruns, as equipes possuem tempo limi-
tado, o qual em alguns casos nao € suficiente para repetir a informacao ou tirar dividas.
Assim, as equipes seguem o seu entendimento da informacdo que € fornecida. Além disso,
as diferencas de fuso-hordrios aumentam o tempo para receber ou enviar uma resposta.

A conexdo de Internet algumas vezes falha ou nao estd disponivel durante viagens.
Embora sendo possivel observar que ha uma maior disponibilidade de pontos de acesso a
Internet em cafés e hotéis, a realizacdo da comunicacao baseada em rede sem fio publica
ainda € dificil, devido a instabilidade da rede. Os participantes reportaram que a conexao
ou ndo € confidvel ou € constantemente interrompida.

Atualizagdes na infraestrutura durante o projeto € outro fator que causa falhas de
comunicacdo. Em alguns casos, atualizagdes sao realizadas sem um cronograma previ-
amente definido em consequéncia de um pedido urgente, impactando no cronograma do
projeto.

4.3. Estratégias para Mitigar Problemas de Comunicac¢ao

Os participantes também foram questionados sobre estratégias para mitigar as falhas de
comunicacao em projetos DDS. Considerando as informagdes dadas pelos participantes
sobre as falhas de comunicagdo, foram elencadas 11 estratégias para mitigar os desafios
de comunicag@o como mostra a Tabela 3.

Para mitigar a falta de engajamento e comprometimento da equipe, um dos parti-
cipantes descreve duas abordagens, uma de baixo custo e outra de alto custo. Na primeira
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Tabela 3. Estratégias de comunicagao.
Nome da estratégia de comunicacao
Desenvolvimento de conference calls semanais
Reunides presenciais com os lideres da equipe
Regras para o uso de e-mail e telefone
Estabelecimento de um limite de tempo para responder um e-mail ou IM
Estimulo ao desenvolvimento relacionamentos profissionais e ciclos de trabalho
Revisdo da documentacao do projeto
Estabelecimento de reunides documentadas
Gerenciamento de informag¢des de membros criticos na equipe
Estabelecimento de uma hierarquia de comunicagdo
Desenvolvimento de competéncias no idioma adotado pela organizagao

e
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abordagem € sugerido o emprego de reunides por meio de conference calls semanais para
unir a equipe e resolver problemas de engajamento. Com o contato semanal, 0os membros
da equipe poderdo se conhecer melhor, o que facilitard a transferéncia do conhecimento.
J4 na segunda abordagem € sugerido que alguns membros da equipe passem a trabalhar no
mesmo ambiente fisico por um certo periodo de tempo. Os lideres das equipes devem ser
identificados e enviados para trabalhar em conjunto em um mesmo site. Recomenda-se
que eles passem 2 ou 3 semanas trabalhando juntos e entdo retornem ao local de trabalho
original. Entretanto, essa ¢ uma abordagem que requer mudancga temporaria de local de
trabalho, e impacta em custos com deslocamento e/ou hospedagem.

Em relacdo ao excesso de e-mails trocados entre os membros da equipe, os quais
tém por objetivo achar uma solugdo para um problema, os participantes sugerem o desen-
volvimento de reunides semanais e o estabelecimento de regras para o uso do e-mail e do
telefone. Os membros da equipe primeiro devem entender o que eles desejam comunicar
e entdo escolher o melhor canal de comunicacdo. Algumas regras para melhorar a comu-
nicacdo incluem o estabelecimento de um limite de tempo para responder um e-mail ou
uma mensagem instantanea.

Muitos equivocos que ocorrem na comunicacao sdo devidos a falta de confianca
entre os membros da equipe. A construcdo de estreitas relagdes de confianga entre os
membros e principalmente com os gerentes de projeto, resultam na troca de informacdes
incompletas ou inconsistentes. Para mitigar esse problema, um dos participantes sugere
a coleta de informagdes de um membro critico da equipe e a revisdo da documentagdo
do projeto para mitigar as falhas. Além disso, € recomendado que as reunides com a
equipe sejam documentadas e que sejam feitas retrospectivas para identificar as licdes
aprendidas e melhorar o processo. Se uma decis@o for tomada ou alguma mudancga for
feita, tal informacdo deve ser enviada por e-mail para todas as partes interessadas nessa
informacao.

Em projetos de DDS é comum que a equipe esteja dividida em diferentes fuso-
horérios, o que pode limitar a comunicagdo sincrona. O controle do nimero de mem-
bros da equipe em cada reunido e o repasse dessa informagdo para os seus gerentes pode
aumentar o engajamento € o comprometimento da equipe. O estabelecimento de uma
hierarquia de comunicac¢do reduz a indisciplina e insubordina¢do da equipe.
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A maioria das equipes que trabalham em projetos de DDS ndo sdo proficientes
no idioma inglés. Para reduzir os problemas de comunicacdo relacionados ao idioma, os
participantes recomendam que as organizacdes oferecam workshops e cursos de inglés
para qualificar as equipes.

Na Figura 1, as estratégias reportadas pelos participantes sdo associados aos fato-
res que afetam a comunicacdo. Para alguns fatores ndo foram identificadas estratégias de
mitigacao.

Limite de tempo

Falhas naconexio coma Atraso no _ para responder e-
mternet durante viagens feedback / mail / IM
7 atualizagbes sobre Conference
/ o projeto calls
/ sSemanals
Desenvolvimento Faltade
de compet&ncias — compreenséo —_— /
no idiema do 1dioma ™~ / Estabelecimento
N / — de reuniBes
documentadas
Reuni&es Comunicacéo em - Gerenciamento de
presenciais com — _ Informagao — informagdes de
liderss DDS: desafios e ~— incompletaou membros criticos
Desenvelvimento de Faltade ) estrategias incorreta __ Hierarquia de
rel‘:‘?”?‘”“}“-" _+ comprometimento/ — ) comunicagac
profissionais e , / Revisio da
cicles de trabalho engajamento ) _ documentaglis do
Conference . ;.". projeto
calls semanais /
Limite de © Atuahizacoes de
imite de tempo para / -
responder e-mail / IM Excesso de yd nfraestrutura
Regras para o uso e mails - durante o projeto

de e-mails e —
telefones

Figura 1. Fatores que afetam a comunicacao e estratégias de mitigacao.

5. Discussao

A anélise dos dados consistiu em aceitar as informacgdes dadas pelos participantes base-
ada na experiéncia pratica de trabalho de cada participante. Obstaculos como falta de
comprometimento, falta de engajamento, atraso nos feedbacks e informacdes incorretas
ou incompletas sdo exemplos de contratempos que impactam na qualidade da comunica-
cdo, e que sao enfrentados em projetos de DDS ao redor do mundo. Especificamente no
Brasil, problemas na conexdo com a Internet em locais publicos merecem destaque, ao
dificultar a comunicacdo em momentos em que o gerente de projeto ou outros membros
precisam viajar para visitar os diferentes sites. Outro topico que se destaca no cendrio
brasileiro € a falta de profissionais proficientes em inglé€s, que € o idioma mais adotado
em projetos de DDS. Um aspecto que € inerente a cultura brasileira, refere-se ao uso de
e-mails. Brasileiros preferem documentar todas a informagdes trocadas no decorrer do
projeto para se resguardar de qualquer ag@o posterior, ao contrario de outras culturas que
preferem a comunicagdo sincrona e pouco uso do e-mail.

Analisando os fatores apontados pelos entrevistados, observa-se a necessidade do
planejamento da comunicacdo considerando a cultura brasileira. Um plano de comuni-
cacdo bem elaborado deve contemplar estratégias como limite de tempo para responder
e-mails, regras para uso de e-mails e telefones, modo esperado de documentacao das reu-
nides, gerenciamento de expectativas de partes interessadas e hierarquia de comunicagao.
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A aplicacdo da boa prética "elaborar o plano de comunicagdes", descrita no [PMI 2013]
poderia trazer beneficios para essas equipes.

6. Limitacoes

Esta secdo discute algumas limitacdes deste estudo, as quais precisam ser destacadas. Fo-
ram entrevistados 10 gerentes de projeto, localizados em diferentes estados do Brasil. O
ndmero de participantes entrevistados pode ter influenciado nos resultados obtidos. Neste
estudo ndo foi realizada a andlise quantitativa dos dados devido ao tamanho da amos-
tra, a qual planeja-se para um trabalho futuro com uma amostra maior de participantes.
Também ndo € possivel generalizar os resultados desse estudo, uma vez que os resultados
refletem no cendrio brasileiro de algumas organizacdes de DDS.

Os gerentes de projeto entrevistados neste estudo podem ter vivenciado diferentes
cendrios de comunicagdo em diferentes projetos e organizagdes. Isso ajuda a enriquecer as
contribui¢des deste estudo. Entretanto, os resultados apresentados neste estudo limitam-
se a expressar uma visao geral de ambientes, falhas e estratégias para mitigar lacunas de
comunicacao, sem especificar um cendrio especifico de comunicagio.

Apesar destas limitagdes, espera-se que os resultados deste estudo fornegam in-
formagdes que possam ajudar a compreender os principais aspectos de comunicacao re-
lacionados a ambientes, falhas e estratégias de mitigagdo em projetos de DDS.

7. Conclusoes

Esse estudo investigou o ambiente de comunicag¢do em projetos DDS na industria bra-
sileira de TI. Como resultado, foi identificado um conjunto de fatores que que afetam a
comunicacdo em projetos de DDS e estratégias para reduzir problemas de comunicagao.
A partir desses resultados, observou-que que a comunidade brasileira de DDS ainda en-
frenta varios problemas de comunicacao, os quais mostram que o DDS ainda estd em fase
de aprimoramento e evolu¢do dentro de organiza¢des de TI no Brasil.

Com os resultados deste estudo ainda € possivel observar que cendrio brasileiro
de DDS ¢€ carente de boas praticas de comunicagdo, o que consequentemente resulta em
falhas e crises no projeto. Os fatores que afetam a comunicacao refletem principalmente
em aspectos culturais, de gerenciamento da informacdo e problemas de infraestrutura.

As estratégias de mitigacao visam reduzir problemas de comunicacdo do cend-
rio brasileiro de DDS, mas também podem ser aplicadas para outros contextos, 0s quais
possuem um ambiente de comunicac¢do similar ou parecido com o do Brasil.

Como trabalhos futuros, planeja-se dar continuidade a este estudo tento um maior
aprofundamento dos fatores que resultam em falhas de comunicagdo e estratégias de mi-
tigacdo. Novas entrevistas poderdo ser conduzidas, como também a aplicacio de surveys
com gerentes de projetos, desenvolvedores e outros membros da equipe.
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Abstract. This paper presents BROAD-ECOS approach, under Software
Ecosystem perspective, and defines a platform to allow existing Virtual
Learning Environments integrate external educational services, promoting the
development, sharing and reuse of compatible educational services in an inter-
organizational context. The platform evaluation was performed in a real use
scenario, which goal was to demonstrate the technical feasibility of the
proposal.

Resumo: Esse artigo apresenta o BROAD-ECOS, uma abordagem sob a
perspectiva de Ecossistemas de e-Learning, que define uma plataforma que
permite a integracdo de servicos educacionais externos e favorece o
desenvolvimento, compartilhamento e reiiso de servicos educacionais em um
contexto interorganizacional. A avaliacdo da plataforma foi feita com um
cendrio de uso real, com o objetivo de demonstrar a viabilidade técnica da
plataforma.

1. Introducao

A producdo de recursos e servigos educacionais € fundamental para a criacdo de
ambientes de e-Learning que proporcionem uma experiéncia de ensino e aprendizagem
rica. A aprendizagem informal, hoje facilitada pelos dispositivos mdveis, € a
aprendizagem ao longo da vida abrem novos possibilidades e desafios no uso desses
ambientes. Por outro lado, uma das caracteristicas do dominio educacional é o nimero
de solugdes especificas e fragmentadas nessas plataformas [Fragoso et al, 2014]. Um
dos desafios nas organizacOes que proveem Ambientes Virtuais de Aprendizagem
(AVAs), € oferecer recursos e servicos educacionais equivalentes aos ja existentes e
mais inovadores e que estes recursos atendam a esse nivel de exigéncia e complexidade
com 0s quais 0s usudrios estdo acostumados.

Esse cendrio € interessante para a ado¢do da perspectiva de Ecossistemas de
Software (ECOS) em ambientes de e-Learning. Manikas (2016) revisitou o conceito de
ecossistema de software e o definiu como a interacdo entre software e atores em relacao
a uma infraestrutura tecnoldgica comum, que resulta em um conjunto de contribui¢des e
influencia direta ou indiretamente o ecossistema. E uma forma de entender dominios em
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que diferentes organizacdes se relacionam por meio de software ou conceitos de
software [Jansen e Cusumano, 2012].

Assim, a motivacdo do presente trabalho € aplicar, no dominio educacional e
particularmente nos ambientes de e-Learning, a perspectiva de Ecossistemas de
Software, permitindo que diferentes organizagdes contribuam com solugdes e inovagao
para a constru¢do de ambientes educacionais cada vez mais ricos em diversidade de
conteddo, servicos, experiéncias e capacidade de atender aos seus objetivos
educacionais dentro do paradigma pedagégico adotado. Uma motivacdo adicional é
avancar as pesquisas do projeto BROAD [Rezende et al, 2015], [Pereira et al, 2015]
[Veiga et al, 2015], do Nicleo de Pesquisa em Engenharia do Conhecimento — NEnC.

A questdo de pesquisa deste trabalho pode ser assim enunciada: como os
ambientes de e-Learning, transformados em plataformas sob a perspectiva de
Ecossistemas de Software, com uma infraestrutura para integracdo de ferramentas
externas em um contexto interorganizacional, favorecem o compartilhamento e retso de
solucdes e a utilizagdo de recursos educacionais? O BROAD-ECOS ¢ voltado para a
criacdo de uma plataforma comum, disponibilizando ferramentas e documentagdo para
que desenvolvedores, comunidades e organiza¢des desenvolvam, compartilhem e
reutilizem solugdes, considerando as caracteristicas especificas do dominio educacional
com foco em e-Learning, e, sobretudo, as solucdes ja existentes neste dominio.

Esse artigo estd assim organizado. Na secdo 2 apresentam-se os fundamentos
tedricos da pesquisa. Na secdo 3 € apresentado o ecossistema BROAD-ECOS incluindo
a avaliacdo de sua plataforma. Na secdo 4 relatam-se os trabalhos relacionados. Na
secdo 5 fazem-se as consideracgdes finais.

2. Contexto da Pesquisa

A fragmentacdo das solugdes no dominio educacional, a crescente complexidade dos
softwares, o surgimento de diferentes formas de aprendizagem, aliado ao grau de
exigéncia dos usudrios expostos a aplicagcdes e servicos de software de alta
complexidade, além da falta de um padrdo estabelecido para incorporar solugdes
externas aos ambientes de e-Learning, sdo desafios que as organizacdes mantenedoras
de AV As tém dificuldade para atender sozinhas.

Neste contexto, servicos Web apoiam a interoperabilidade entre aplicag¢des, que
podem ser executadas em diferentes plataformas, frameworks e tecnologia. No dominio
educacional, € discutido o uso de servicos como forma de adicionar funcionalidades,
integrar diferentes ambientes de e-Learning [Boeringer, 2014] e oferecer experiéncias
como a utilizacdo de servicos Educacionais a partir de dispositivos moéveis [Alzaza,
2011]. O uso de Servigos Educacionais em AVA, além de facilitar o retiso entre
plataformas heterogéneas [D’Mello et al, 2013], pode melhorar a interoperabilidade,
flexibilidade, reusabilidade e compatibilidade entre plataformas.

Por outro lado, a conectividade e interdependéncia entre empresas € um assunto
de crescente interesse [Barbosa et al, 2013]. As empresas ndo funcionam mais como
unidades independentes, o que as tornam dependentes de componentes e infraestrutura
fornecidos por terceiros. Nesse contexto, pesquisadores utilizam uma nova perspectiva
para analisar a industria de software, os Ecossistemas de Software (ECOS). Estes,
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representam um ponto de vista inspirado em ecossistemas naturais e de negodcios,
através dos quais considera-se ndo s6 o software em si, mas suas dependéncias de
componentes/infraestrutura de terceiros, seus usudrios e suas interagoes.

Neste trabalho, serd utilizada a definicao de ECOS proposta por Manikas [2016],
expandida pelos aspectos identificados em Santos [2016], que oferecem um nivel de
compreensdo importante dos diferentes fatores de um ECOS, capturando as interagdes,
motivagdes, relacdes, papéis e conceitos, além dos aspectos técnicos da plataforma.

3. BROAD-ECOS

Um dos objetivos estabelecidos para essa proposta € viabilizar a sua ado¢do em AVAs
existentes, incorporando a infraestrutura necessdria para que estes ambientes fagcam
parte de uma plataforma de ecossistema. A proposta da plataforma BROAD-ECOS pode
ser dividida em duas partes: a primeira € a proposta de compreensdo dos ambientes de e-
Learning sob a perspectiva de ECOS, identificando sua composicao, atores e formas de
interacdo em um contexto inter-organizacional. A segunda é a definicio de uma
plataforma que englobe os AVAs como principais players, permitindo que Servigos
Educacionais externos sejam integrados.

Nesta perspectiva, um Ecossistema de e-Learning pode ser definido como um
ECOS do dominio educacional no contexto de e-Learning, onde os componentes
abidticos (como AVA, Servigos Educacionais, Objetos de Aprendizagem (OAs),
midias) e bidticos (como estudantes, facilitadores, especialistas, suporte, apoio,
conteudistas, desenvolvedores) interagem e formam comunidades em um contexto inter-
organizacional voltados ao processo de ensino e aprendizagem, delimitados por
fronteiras pedagdgicas, sociais, econdmicas € culturais. A Figura 1 apresenta uma visao
geral do BROAD-ECOS, ressaltando os atores e servigos que interagem com a sua
plataforma.
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Figura 1 — Visédo geral de Ecossistemas de e-Learning sob a abordagem
BROAD-ECOS.

No contexto do ecossistema BROAD-ECOS, os principais componentes foram
propostos a partir de uma pesquisa exploratoria, realizada por meio de um questionario
composto por perguntas fechadas. A partir dos resultados da pesquisa, experiéncia dos
autores com ambientes educacionais € com base em uma revisdo quasi sistematica, os
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componentes foram reavaliados e a proposta do ecossistema BROAD-ECOS foi
delimitada, conforme Figura 1. Os principais componentes sao detalhados a seguir.

Os fatores bidticos no ecossistema de e-Learning nao se restringem a individuos,
incluindo também comunidades de individuos com os mesmos interesses ou papeis e
organizacdes compostas por diversos individuos que compartilham sua missdo e
objetivos. E importante destacar que em um ambiente de e-Learning, um fator bidtico
pode atuar em diferentes papéis de acordo com o contexto, e até mesmo acumular
fungdes. Desse modo, os papéis devem ser vistos como uma fun¢@o no ambiente de e-
Learning, e ndo como um ator especifico desempenhando determinado papel.

Os fatores abidticos sd@o compostos por todos os recursos de software no
processo de ensino e aprendizagem, e abrangem desde ferramentas instaladas nos
computadores dos atores, a servi¢os disponiveis na nuvem e integrados a plataforma.
Entre os fatores abidticos, a plataforma merece destaque, sendo composta no BROAD-
ECOS pela infraestrutura integrada ao AVA. Seu papel € particular, primeiro por ser a
responsdavel por informacdes de cursos, turmas e participantes, e segundo pela
orquestracao dos servicos externos, definindo permissdes, recursos disponiveis e grau de
integracdo dos mesmos no ecossistema.

OAs e multimidia sd3o componentes importantes por poderem ser desenvolvidos
por diferentes organizacdes e compartilhados entre diferentes AVAs. Os servigos
educacionais podem ser desenvolvidos por diferentes organizacgdes, e possuir diferentes
niveis de integracdo, com diversas possibilidades de aplicacdo e objetivo educacional.
Os padroes, recomendacdes técnicas, especificacdes e APIs s@o convengdes que
permitem que diferentes organizacdes possam compartilhar recursos e estabelecer
relacdes de cooperacdo e competicio essenciais para a sadde do ecossistema.

3.1 Plataforma

A plataforma proposta visa adicionar aos AV As existentes os recursos necessarios para
que estes sejam ambientes abertos com suporte a integracdo de servicos externos, em
um contexto inter-organizacional, a partir do qual o ECOS proposto se sustenta.

Inicialmente, foram definidas as seguintes caracteristicas que devem ser
adicionadas aos AVAs através da plataforma: i. Integracao de servicos externos
(adicionar ao ecossistema servigos com diferentes funcionalidades e objetivos sem que
seja necessdrio alterar a plataforma, facilitando a integracdo de servicos de outras
organizacdes); ii. Estabelecimento de um modelo comum para o dominio
educacional (mesmo que o AVA e os servicos possuam abstracdes diferentes para as
entidades, a comunicacdo deve ser feita a partir de uma abstracdo comum do dominio);
iii. Controle de autorizacdo (oferecer uma forma de autorizagdo para acessos de
servicos a recursos oferecidos na plataforma, de baixa granularidade); iv. Uso de
metadados educacionais (facilitar a pesquisa e selecdo de servicos educacionais
adequados); v. Registro e recuperacao de experiéncias de aprendizagem (coleta e
acompanhamento das experiéncias educacionais que nao se resumam a notas de
avaliagdes e respostas de questiondrio) e vi. Suporte a existéncia de um canal de
distribuicao (repositério onde os facilitadores e especialistas possam buscar servigos).
Existem ainda caracteristicas que consistem em requisitos ndo funcionais:
extensibilidade (permite que necessidades especificas sejam atendidas mantendo a
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compatibilidade com a abordagem BROAD-ECOS) e poucas restricdes na criacdo de
servigos compativeis (elemento preponderante para os ecossistemas).

A plataforma utiliza uma arquitetura orientada a servicos Web e toda
comunicacdo entre os componentes € feita através de servicos RESTful com dados em
formato JSON [Marinos et al, 2011], além do suporte de bibliotecas, frameworks e
ferramentas, independentes de linguagens de programacgao e SO (Figura 2). O conjunto
de servicos Web disponiveis para a comunicacdo entre os servicos Educacionais e a
plataforma formam a BROAD-ECOS-API, a qual define os recursos, a estrutura das
requisicoes e as possiveis respostas relacionadas as entidades externas que interagem
com a plataforma, e apoia a sua extensibilidade. E um modelo de permissdes com fina
granularidade, garantindo flexibilidade no nivel de integracdo entre cada servico e a
plataforma. A seguranca dos dados é dada pelo BROAD-ECOS-Auth, uma adaptacio do
protocolo OAuth 2.0 [OAUTH, 2015].

Além de suportar operagdes sobre o dominio educacional com entidades como
participantes, turmas e cursos, a BROAD-ECOS-API suporta ainda todos os recursos da
xAPI Statements, que permite o registro e recuperagdo de experiéncias educacionais em
repositorios chamados de LRS (Learning Record Store). Uma parte da BROAD-ECOS-
API ainda € responsdvel por permitir o registro e a recuperacdo de metadados de
servigos educacionais em outro componente da plataforma, o BROAD-ECOS-DC. Este
componente ¢ um canal de distribuicio de servigos, que ndo contém 0s servigcos
propriamente ditos, mas seus metadados compostos pelo padraio IEEE LOM!'
enriquecido com caracteristicas especificas do BROAD-ECOS, como as permissdes
exigidas e a versdo da BROAD-ECOS-API suportada, por exemplo.

A conexdo entre a plataforma e o AVA ¢é feita através do Adapter, uma camada
de software na forma de plugin, extensio ou alteracio no préprio AVA. E responsével
por traduzir as chamadas 8 BROAD-ECOS-API, que sdo independentes do AVA, para
as peculiaridades e caracteristicas de cada um deles. Para a criacdo de Servicos
Educacionais compativeis com a plataforma, basta manter a compatibilidade com a
BROAD-ECOS-API que exige que apenas trés recursos web sejam suportados pelo
servico (para atender ao protocolo de seguranca e disponibilizar metadados) e utilizar
apenas os recursos do lado da plataforma que desejar, ignorando os demais.

Os recursos oferecidos pela plataforma pertencem a cinco grupos: recursos de
acesso/atualizacdo de dados do dominio educacional; recursos de consulta e envio de
experiéncias de aprendizagem, compativeis com a XxAPI Statement; recursos de
autenticacdo e autorizacio, de acordo com o protocolo BROAD-ECOS-Auth; recursos
para adicionar e recuperar servicos do canal de distribuicdio BROAD-ECOS-DC; um
pequeno conjunto de Servigcos Web que os Servicos Educacionais devem suportar, para
informar metadados e atender ao BROAD-ECOS-Auth, por exemplo; e servigcos
suportados a partir de extensdes, que podem ser negociadas entre a plataforma e os
servi¢os. No Grupo I, estdo os recursos relacionados ao dominio de e-Learning. Para a
comunicacdo entre os Servicos Educacionais e 0 AVA, fez-se necessdria a definicao de
um modelo de dominio educacional compartilhado, cuja formalizacdo foi definida numa
ontologia, descrita utilizando a linguagem OWL (Figura 3).

'https://standards.ieee.org/findstds/standard/1484.12.1-2002.html
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4. Utilizacao da plataforma BROAD-ECOS no Moodle

N

Para demonstrar a viabilidade da plataforma em relacdo a integracdo de servigos
educacionais externos ao AVA do ponto de vista de atores do ecossistema foi utilizado
um cendrio, com as seguintes fases: (I) definicdo; (II) formula¢do do objetivo; (III)
planejamento; (IV) execucdo e observacdo das evidéncias; e (V) a apresentacdo das
evidéncias observadas. Para a avaliagdo da plataforma em uso foi escolhido o AVA
Moodle, de cédigo livre e com tecnologias abertas e suporte a plugins de terceiros.

Para atender ao requisito de baixo acoplamento foi utilizado o padriao de projeto
estrutural Adapter. Na BROAD-ECOS, o Adapter é a camada de software que estard
integrada ao AVA, traduzindo as chamadas a BROAD-ECOS-API para suas estruturas
internas, e deve permitir o reuso de tudo o que for comum entre AVAS diferentes.

Foi desenvolvido um plugin para a BROAD-ECOS chamado mod-broad-ecos,
que inclui uma implementacdo da infraestrutura BROAD-ECOS na linguagem de
programacdo PHP e um Adapter que abstrai as chamadas especificas aos recursos do
Moodle e disponibiliza interfaces de usudrio dentro do AVA para adicdo e acesso de
servicos como atividades nos cursos oferecidos através da plataforma. O plugin depende
da existéncia de um repositdrio de experiéncias externo. Para essa versdo, foi utilizado o
Learning Locker, uma implementacdo livre de LRS para a xAPI (Figura 4).

Como existem muitos componentes e configuracdes necessarias para conectar 0s
servigos, foi utilizada a estratégia de containers [Boettiger, 2015]. A implementacdo de
containers utilizada foi o Docker’, em conjunto com a ferramenta docker-compose?,
utilizada para automatizar o setup do ambiente com multiplos containers.

As funcionalidades disponiveis no plugin do BROAD-ECOS para o Moodle sdo:
(I) adig¢ao/edi¢do de um servico compativel com a BROAD-ECOS em determinado
curso; (II) definicdao/edicao do titulo e descri¢do do servico no contexto em que ele é
disponibilizado; (III) selecao/edi¢ao dos escopos aos quais o servico deve possuir acesso
no contexto em que foi adicionado; (IV) possibilidade dos estudantes acessarem o

% https://www.docker.com/
3 https://docs.docker.com/compose/
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servi¢o diretamente no Moodle; e (V) possibilidade de acessar o servico externamente,
mantendo-o em uma janela.

s Moodle

| S

[ Fungoes
parao Moodle

Adapter para
0 Moodle

Funcdes de AVA Infraestrutura

k.‘: LEARNING I— Camada de persisténcia Conerions Genérica
Learning Locker
(LRS)

Légica de Dominio

BROAD-ECOS-API

Learning
Locker DB

‘mongoD)

BROAD-ECOS-Auth

mod-broad-ecos plugin

Figura 4 - Arquitetura do plugin mod-broad-ecos.

As etapas planejadas para a execucao do cendrio de uso foram: (Etapa I) Adicao
do AVA Moodle a plataforma BROAD-ECOS por um Apoio; (Etapa II) Inclusdo de um
servico em um curso da plataforma por um Facilitador; e (Etapa III) Acesso a um
servico por um Estudante. Para ilustrar a Etapa II, o usudrio Professor I acessa o Moodle
e navega até a sua pagina de cursos, selecionando um de seus cursos, nesse cenario
Introdugdo a Logica. Na pagina de edi¢do do curso, adiciona uma atividade e na tela
seguinte seleciona o tipo de atividade “mod-broad-ecos”, e € redirecionado para a
pagina de configuragdo da atividade criada (Figura 5). Na Etapa III, o Estudante I acessa
o ambiente e navega até o curso Introdugdo a Logica.

BROAD-ECOS-MOD

__________________________

Figura 5 - Adicdo de uma atividade broad-mod-ecos no curso.

4.2 Evidéncias Observadas

O cendrio de uso apresenta indicios da viabilidade da proposta, dos conceitos e das
tecnologias envolvidas na integracdo de servigos educacionais ao AVA Moodle,
cobrindo um ciclo de conexdo do AVA a plataforma, utilizando um plugin, a
configuragdo de um curso por um Facilitador e o acesso por um Estudante. Esse cendrio
de uso apresentou os principais componentes da plataforma, o uso da BROAD-ECOS-
API em conjunto com o BROAD-ECOS-Auth para garantir a comunicagdo entre a
plataforma e o servico, o uso de metadados para identificagcdo do conteido do servico
educacional, o uso da XAPI para armazenar experiéncias de aprendizagem em um LRS e
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a abstracdo de caracteristicas especificas do AVA através de um Adapter. Também
foram utilizados os recursos para desenvolvedores de aplicacdes compativeis com a
BROAD-ECOS, como a biblioteca BroadEcosApi e a documentagcdo. Durante sua
execucdo, foi possivel observar que, do ponto de vista de atores ndo técnicos como
Apoio, Professor e Estudante o uso da BROAD-ECOS para a integracdo e acesso ao
servigo externo ndo exige configuracdes técnicas.

A quantidade de atores e de servicos educacionais externos disponiveis no
momento da realizacdo da avaliacdo podem ter influenciado a andlise dos resultados.
Além disso, cabe ressaltar que a complexidade dos diferentes niveis de integracdo de
servicos a plataforma pode influenciar na utilizacdo dos mesmos pelos atores.

5. Trabalhos Relacionados

O Jampots [Dong et al, 2009] € uma implementacdo de Ecossistema de e-Learning
baseado em mashups, combinacdo de informagdes de vdérias fontes em diferentes
formatos oferecidos através de APIs de terceiros gerando novas funcionalidades, e
constitui-se de uma plataforma para o projeto colaborativo, disponibilizacio,
compartilhamento, gerenciamento e recriagcdo de conteudo educacional para usudrios
finais. O Dippler [Laanpere et al, 2013] € a plataforma de um ecossistema que nao se
limita a estrutura, arquitetura e implementagdo, mas considera uma perspectiva mais
ampla, sécio tecnoldgica, envolvendo aspectos politicos, econdmicos, académicos e
tecnologicos. A Experience API (xAPI), € uma especificagdo que permite a coleta de
dados sobre uma ampla gama de experiéncias de aprendizagem, online e off-line.
Permite que diferentes sistemas compartilhem informacdes educacionais utilizando um
vocabuldrio compartilhado. E aberta, seu desenvolvimento é dirigido pela comunidade,
e permite livre implementacdo [ADL 2016]. Devido a definicdo de uma interface e um
formato de armazenamento de dados comuns, a XAPI estabelece uma especificacdao que
suporta a definicdo de um Ecossistema de e-Learning [Hruska et al, 2015].

Sob a perspectiva de ECOS, os trabalhos apresentados ndo cobrem aspectos
como a possibilidade de contribui¢do externa a plataforma, suporte de ferramentas e
bibliotecas que favorecam a constru¢do de servicos compativeis. Além disso, atendem
parcialmente aspectos como o uso de ativos compartilhados e a possibilidade de
incorporar recursos de terceiros a plataforma. Em relacio as caracteristicas de integracao
de servicos a ambientes de e-Learning, a plataforma BROAD-ECOS reforca o uso de
padroes e recomendagdes do dominio de e-Learning e a disponibilizacdo de
documentacdo para a constru¢do de servicos compativeis, além de suportar recursos
como o suporte a visOes diferentes baseadas em papéis na utilizagdo dos servigos,
atividades e interacdo em grupo e o uso de adaptadores para a integracdo de servicos
existentes. A previsdo de colaboracdo externa a plataforma, o suporte a variabilidade, a
possibilidade de incorporacdo de solugdes de terceiros e a existéncia de um canal de
distribuicdo de servicos educacionais aberto a organizacOes externas também estdo
presentes na BROAD-ECOS e ndo sao mencionadas em trabalhos anteriores.

6. Consideracoes Finais

Este artigo apresentou uma plataforma extensivel de ECOS no dominio de e-learning, o
BROAD-ECOS, a partir da interacao entre diferentes atores, comunidades, organizagdes
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e servigos educacionais numa plataforma tecnolégica comum, com o objetivo de apoiar
o desenvolvimento, compartilhamento e reuso de servigos educacionais em um contexto
inter-organizacional. Este trabalho faz parte ainda do projeto BROAD, que engloba
pesquisas relacionadas a investigagcao e adocao de tecnologias em projetos educacionais.

O suporte a diferentes niveis de integracdo entre servigos externos e a plataforma
pode permitir o uso da BROAD-ECOS tanto para integrar jogos e atividades simples
quanto médulos de gestao académica completos, e ampliar as possibilidades de servigcos
educacionais compartilhados entre organizacdes. A €nfase em manter uma plataforma
com poucas restri¢des para a criacdo de servicos pode facilitar o interesse de terceiros a
desenvolver solu¢des compativeis ou adaptar solucdes existentes para a BROAD-ECOS.
A diversidade é uma das caracteristicas do dominio educacional, dessa forma, a
definicdo de um mecanismo para extensdo dos recursos previamente definidos é
importante para que a proposta seja considerada mesmo em cendrios em que existam
necessidades especificas. H4 indicios de que € possivel propor um ecossistema mesmo
em um dominio tdo heterogéneo como o educacional, em contextos, objetivos
educacionais, abordagens pedagdgicas e necessidades organizacionais especificas.

Como trabalhos futuros, cabe ressaltar a disponibilizacdo de um canal de
distribuicdo, como uma loja de servicos educacionais através da qual os professores
possam encontrar e adicionar servicos educacionais. Além disso, € importante a
implementacdo de todos os recursos da BROAD-ECOS-API descritos e o
aperfeicoamento dos artefatos e da documentagdo necessdria para permitir novas
pesquisas e integracio e uso por terceiros.

Agradecimentos: 2 FAPEMIG, CNPq, UFJF e Capes pelo apoio financeiro ao projeto.
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Abstract. The software ecosystems context brings additional complexity to the
organizations’ activities since IT management decisions can strengthen (or
weaken) relationships in the software supply network. Several acquirers lack
common, structured documentation to allow visualizing and analyzing impacts
of demands and solutions in their asset bases over time. We researched how
the ecosystem perspective affects IT management activities, more specifically
demand and solution analysis, aiming at helping IT managers and architects
to make acquisition decisions. This paper presents an infrastructure to support
socialization, monitoring and analysis of software ecosystems named Brecho-
SocialSECO. A feasibility study was executed to evaluate our proposal.

1. Introduction

According to Seichter et al. (2010), the artifacts shared among different stakeholders are
the means for making interactions and communication concrete throughout the software
development, and they create a common environment based on a technological platform.
Such environment composed by actors, artifacts, and their relationships has been known
as a Software Ecosystem (SECO). There is a network that represents those interactions,
neither totally social (among actors) nor technical (among artifacts), i.e., the interactions
involve actors manipulating artifacts (Lima et al., 2015).

Software organizations can benefit from information about the SECO elements,
either a supplier or an acquirer. In this context, a critical acquirer’s process is software
acquisition, because it requires information about dependencies, technologies, suppliers,
licensing, and support. Based on such elements, an acquirer should be able to choose
which demands to prioritize and which solutions to incorporate into the organization’s
asset base (Finkelstein, 2014). However, several acquirers lack common documentation
that is structured to allow visualizing and analyzing impacts of demands and solutions in
their asset bases over time. So, the community participation (SECO socialization) and
the asset base management (SECO analysis) are harmed so that obstacles are created for
SECO monitoring. As such, an automated aid for managing and monitoring SECO
elements becomes important (Santos, 2016).

We researched how the SECO perspective affects IT management activities,
more specifically demand and solution analysis, aiming at helping IT managers and
architects to make acquisition decisions. This paper presents an infrastructure to support
socialization, monitoring and analysis of SECO that was evaluated through a feasibility
study. Section 2 presents the background and related work; Section 3 describes our
proposal; Section 4 discusses the feasibility study; and Section 5 concludes the paper.
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2. Background

In the globalized software industry, there is a network composed by the SECO’s
elements and their relationships, including the involved organizations and community’s
demands. As such, the SECO context brings additional complexity to the organizations’
activities since IT management decisions can strengthen (or weaken) relationships in the
software supply network. For the traditional IT management, requirement specifications
and available budget serve as key criteria to help IT managers and architects to analyze
demands, lacking a structured software asset base to explore other indicators, especially
the ‘hidden effects’ of their long-term decisions. In this intertwined network, acquirers
operate relationships with/between suppliers and need to manage and monitor SECO
elements in order to make decisions and take business advantages (Gartner, 2007).

The SECO context comes up with the importance of combining market
information (inter-organizational) with those obtained from the software asset base
(intra-organizational) to help IT managers and architects in daily activities (Finkelstein,
2014). To cope with this challenge, we have been investigating SECO management and
extended a component library named Brechd (Werner et al., 2009). Brech6 is a web
information system for storage, publishing, search and retrieval, download, purchase and
negotiation of software artifacts. Brecho is a technical repository that can serve as a
software asset base, supporting licensing and SECO analysis. The lack of social
resources to encourage stakeholders’ interactions and communication had been pointed
out as the Brecho’s weakness until we conducted this research (Lima et al., 2015).

In the SECO literature, we can find few related work on the socialization,
monitoring and/or analysis of SECOs. Peréz et al. (2012) present a tool named
SECONDA that aims to aid SECO analysis and evolution according to project metrics
and based on SECO behaviors and characteristics. However, this tool has some
limitations, such as the lack of support for social relationships and for trend analysis
from the collected information. The Brazilian Public Software (BPS) Portal is a web
platform that offers a plethora of social interaction mechanisms, such as forums,
communities, and a repository. BPS holds information on the actors’ relationships, but
there is no support for SECO monitoring and visualization. Goeminne et al. (2010)
propose a framework for capturing SECO information based on extensions. By using
data mining, SECO’s graphics and a lifecycle chart are generated, but it is a generic
framework that requires effort to program the information one needs to mine from it. All
those mentioned gaps are part of the solution described in the proposed infrastructure.

3. Brecho-SocialSECO

Based on a survey conducted to investigate socio-technical resources for SECOs (Lima
et al., 2015), we identified some social mechanisms as solutions for the problems of
providing software artifact information and helping stakeholders to communicate:
artifact/team forum, team creation, actor/artifact profile, trend topics, suggestions and
recommendations, and demand and solution analysis. Such mechanisms can help IT
managers and architects to be aware of SECO trends, and discussions would be of great
value for the identification of new demands over time. In order to treat socialization in a
SECO platform and aid an acquirer to satisfy objectives, stimulate collaboration and
identify demands, Brecho-SocialSECO infrastructure was developed. Its objective is to
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help an acquirer to understand the community surrounding the SECO platform as well
as map relationships, manage demands and visualize the evolution of social interaction.

It is essential to record how demands and candidate solutions, also labeled as
software assets, are added, deleted, and maintained. Considering the lack of research
that combines socio-technical network with data obtained from the acquirer’s asset base,
Brecho-Social SECO was built upon SECO socialization and analysis mechanisms to
support IT management activities, as shown in Figure 1. Social mechanisms are used as
inputs to capture information from actors, artifacts and interactions. Such information is
processed to generate the SECO network graph. Based on this graph, measures can be
extracted so that IT managers and architects can make decisions based on different
configurations of the SECO’s network (SECO analysis). The infrastructure was
implemented as an extension of Brecho (Section 2). All the mechanisms for the SECO
socialization, monitoring and analysis are joined in the “My Network” panel (Figure 2).
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Figure 1. Brech6-SocialSECO’s conceptual model
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Figure 2. “My Network Panel” at Brech6-SocialSECO infrastructure

3.1. Artifact/Team Forum (demand registering)

The resource forum implemented in Brech6-SocialSECO is organized in three sections
(Figure 3). The first section is used for general discussion, organized by ‘topics’, that are
theme-free, i.e., users can talk to I'T managers and architects about an artifact’s function,
ask for help, report a bug etc. This section allows a potential user to communicate with
others before suggesting new demands. The second section intends to gather
‘suggestions’ from the organizational units. Anyone who is a member of a forum can
contribute with suggestions for new demands, and a forum representative is responsible
for managing these suggestions, e.g., department head. Finally, the third section allows a
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unit representative to officially register ‘demands’. He/she registers these demands, or
he/she can select a suggestion from the second section and make it into a demand.

SuperGestaoRiscos

uthor: SuperGestioRiscos
Date: 01/03/2 24

Suggestions

Message: Hiev
lAuthor: Sup

D

Date: 01/03/2016 17:52

Figure 3. Forum’s discussions and sections

Users can ‘follow’ a registered demand since it involves the SECO community’s
discussions and artifacts’ features. In addition, every message/suggestions are subjected
to an evaluation system. An actor can vote for positive (+1) or negative (-1), regarding
his/her opinion for each message. An actor can collect points for registering a suggestion
that has received many positive votes. These points are used to leverage a unit’s
collaborative level, as well as to reward users. Then, IT managers and architects can
better understand the relevance of suggestions of the units, as well as all the demands
emerging from the community. This extra information allows an IT management team
to make better decisions on the selection and prioritization of demands, not only relying
on the supplier’s word, but on the community’s ‘word of mouth’.

3.2. Team Creation

Actors can create teams and add other actors. Different types of teams can be created,
e.g., ‘108 users’, ‘Financial Sector’, ‘CRM extensions’ etc. Teams are defined as a type
of user, which means that they keep a user profile. They can request demands, publish
messages in forums, and evaluate artifacts on behalf of the team. Every team has
administrators and members, and has a forum associated with it.

3.3. Actor/Artifact Profile (roles)

The SECQO’s actors have many possible roles. There are internal and external actors
playing as competitors, suppliers, users etc. (Lima et al., 2015). In a software acquirer,
users and teams can check the proportion of actions they have performed within the
SECO, being a producer, a consumer, or a simple user profile. This proportion is
calculated according to their actions, such as publishing, downloading, or evaluating.

3.4. Trend Topics (tag cloud)

Tag clouds improve the way new trends and popular information are visualized in the
SECO platform. It is a direct summarization of what is being discussed and evaluated by
the community. The tag cloud consists of a data mining function that uses forums
discussions, recommendations and demands, as well as teams’ information as inputs.

3.5. Suggestions and Recommendations (news feeds)

SECO platform can give an actor some suggestions and recommendations (news feeds).
It is based on the forums he/she participates, as well as the profiles and demands he/she
follows. Any forum member can post suggestions. Recommendations refer to teams,
forums and/or artifacts of interest, also including information about the teams that an
actor participates and new releases of artifacts. They aim to bring new information to an
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actor (motivating to keep him/her updated), and search for further information. From the
‘team’ resource, actors can send requests to take part in an existing demand.

3.6. Demand and Solution Analysis

In order to organize a given SECO, a module for exploring and manipulating networks
was developed and integrated with Brecho-Social SECO. Gephi (https://gephi.org/) was
chosen due to its support to statistics algorithms, integration with Brecho’s technologies
(Java/MySQL) and IDEs, community support, and ease of use. This module is named
SECO-DSA (Santos, 2016) and is responsible for importing SECO elements from
Brecho-SocialSECO’s database (SECO network graph’s nodes), as well as their
different types of relationships (SECO network graph’s edges). The SECO elements are
artifacts (APP), technologies (TEC), demands (DEM), candidate solutions (CAN APP),
and business objectives (OBJ). Since the most important TECs and OBJs are those that
have more artifacts that depend direct/indirectly on them, and whose artifacts have a
high number of licenses, we define our graphs as shown in Figure 4. In this work, a
license is the authorization to use an asset, describing rights and limitations. Also, the
asset’s acquisitions are tracked using licenses.

AS-IS WHAT-IF TO-BE

A\ = i (@)
@ e &b e A S
| I CO I TNy,
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Demand Analysis Solution Analysis

Figure 4. SECO elements at SECO-DSA Module

SECO-DSA considers three SECO platform configurations. AS-1S configuration
presents the current artifacts, technologies and objectives in the acquirer’s asset base.
The demand analysis activity generates the WHAT-IF configuration based on simulation
of new configurations after selecting potential demands. Finally, TO-BE configuration is
produced by the solution analysis activity, in which candidate solutions are selected for
each demand. All the relationships illustrated in Figure 4 are dependencies among
SECO elements following the arrow’s direction. For example, if selected, a demand X
will affect artifacts Y and Z, and it will satisfy objectives A and B. Dependencies are
weighted by the number of licenses carried from the origin node in this proposal.

The main goals of SECO-DSA are: (1) fo monitor objective synergy (OBJ-
SYN): allows IT managers and architects monitoring to which extent the existing
artifacts in the asset base meet the acquirer’s business objectives, before and after they
perform demand and solution analyses; (2) to monitor technology dependency (TEC-
DEP): allows IT managers and architects monitoring to which extent the existing
artifacts depend on the technologies currently adopted by an acquirer, also before and
after they perform demand and solution analyses; and (3) to analyze the SECO platform:
use a Gephi plug-in to analyze how balanced the asset base is, i.e., how the level of
sustainability of a SECO is. The metrics OBJ- SYN and TEC- DEP are measured in a 0-
100% scale and allow creating a sustainability chart, as shown in Figure 5.1.

The chart indicates the sustainability status in four proposed quadrants: (a)
subsistence: the acquirer is highly dependent on few technologies, and few objectives
are satisfied by several artifacts at the same time; (b) diversity: there is a balanced
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dependency on the adopted technologies, but most of the artifacts do not meet many
objectives; (c) fidelity: the acquirer has high dependency on a small set of technologies,
but most of the artifacts are contributing to the objectives; and (d) sustainability: it is the
ideal situation where an acquirer has low technology dependency and high objective
synergy. As exemplified in Figure 5, SECO-DSA workflow begins creating a graph that
represents the current asset base registered at Brechd-SocialSECO and then calculates
OBJ-SYN and TEC-DEP in order to get the values for the chart’s axis. Next, the user
can simulate the WHAT-IF configurations when demands are chosen and the SECO
network graph is updated, followed by the chart’s update. Once the user is satisfied with
the selected demands, he/she can select candidate solutions through the same process,
but using the filtering tab to choose the candidate solutions for each selected demand.
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Figure 5. SECO-DSA Module as a Brech6-SocialSECO’s Gephi plug-in

The main functions of the SECO-DSA panel are illustrated in Figure 5: (1)
sustainability chart: is produced as a result of the values of OBJ- SYN and TEC- DEP
for current SECO configuration and for the selected demands/solutions; (2) filtering
options: allow users to select demands/solutions and update the network graph
(inserting/removing nodes); (3) node colors: reserved area to explain the nodes’ types;
(4) instructions and actions buttons: present the instructions and buttons to guide
demand/solution analysis, also (7); (5) chart information: shows information about the
previous and current charts and notifies the user about the sustainability change caused
by demand/solution selections; and (6) graph visualization: is a native Gephi’s panel
and shows the graph built from the asset base registered at Brech6-Social SECO and also
after user’s selections. The outputs of SECO-DSA module support IT managers and
architects to get insights from the asset base and to better choose demands and solutions.

4. Evaluation

In order to capture potential users’ perceptions and suggestions about our infrastructure,
experts in IT management activities conducted an initial feasibility study. It was based
on the execution of tasks, as well as the fulfillment of feedback questionnaires. The
participants should perform activities as IT managers evaluating possible demands and
as architects assessing available solutions.
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4.1. Planning

For this study, ten participants were invited. All of them worked in different private and
public companies and had experience in the software industry and academia. An online
questionnaire was applied with four sections: (1) Informed Consent Form: participant’s
rights and responsibilities; (2) Characterization Form: participants’ background and
experience with the study’s concepts and similar tools; (3) Execution Form: eight tasks
to be executed with our infrastructure, based on real data obtained from a Brazilian large
banking organization; and (4) Evaluation Form: a questionnaire for the participant to
provide feedback about ease of use and utility of existing mechanisms. Participants who
live out of Rio de Janeiro used a PC remote access software. In any case, the observer
took some notes. The two study goals (G) G1 and G2 were defined accordingly to the
Goal-Question-Metric (GQM) paradigm (Basili et al., 1999), as described in Table 1.

Table 1. GQM for the feasibility study

Analyze Brech6-SocialSECO (and SECO-DSA module)

With the purpose of characterizing

With respect to the impact of SECO monitoring in the sofiware acquirer’s 1T
management activities (G1) as well as the tool usability (G2)

The point of view from IT managers and architects

In the context of demand and solution analysis

The main question (Q) was: “Are the participants able to realize the impact of
SECO monitoring in the software acquirer’s IT management activities for demand and
solution analysis, regarding effectiveness and efficiency?” (QO for G1). In other words,
how the socialization mechanisms and the asset base analyses help IT managers to
monitor the SECO. This perception was measured by the answers given to the study’s
tasks based on the following metrics (M):

M1: Effectiveness measures the relation between the results and the objectives:

number of correct answers

Ef fectiveness =
ff total number of questions

M2: Efficiency measures the relation between the results and the resources:

. number of correct answers
Efficiency =

time taken to participate
Questions Q1-Q10 for G2 were based on Nielsen’s heuristics (Table 2). To
answer the questions derived from such heuristics, a 5-point scale were adopted: Totally
Disagree, Disagree, Not Agree Nor Disagree, Agree, and Totally Agree. For each
question, the percentage of answers was analyzed by means of a frequency chart.

4.2 Execution

The execution was individually performed with five participants in June 2016. Two of
them participated in person and the others remotely. Participants signed the informed
consent form and answered the characterization form. Next, each of them received an
explanation about SECO concepts, as well as a Brech6-SocialSECO tutorial. Finally,
each participant received the execution form, and the evaluation form at the end.

4.3. Results

Regarding the academic education, two participants reported to hold a PhD degree, two
had a Master degree and one had a Bachelor degree. Figure 6 shows the experience of
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each participant regarding the concepts related to the study (time in years). Each concept
had at least one participant with more than 4 years of experience (up to 20 years). It also
refers to the experience of each participant with related tools. Collaboration tools were
the most popular (at least 10 years of experience).

Table 2. Nielsen’s heuristics and questions (Nielsen, 1993)

ID Principle Question

Q1 |Visibility of system status Does the system inform what is happening?

Q2 | Match between system and the real world Does the system explore the user language?

Q3 |User control and freedom Is the system easy to interact and present clear outputs?
Q4 | Consistency and standards Do different situations or actions represent the same thing?
Q5 |Error prevention Does the project predict errors instead of using messages?
Q6 | Recognition rather than recall Do the screens use metaphors (instructions memorization)?
Q7 |Flexibility and efficiency of use Does the system meet experienced users (shortcuts)?

Q8 | Aesthetic and minimalist design Is the information summarized and complete?

Q9 |Help users recognize/diagnose/recover from errors | Are problems and solutions indicated?
Q10 | Help and documentation Are there simple and objective manuals?
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Figure 6. Participants’ experience with concepts (A) and related tools (B) (time in years)
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After charactering the participants’ profile, results were analyzed based on their
answers, duration of activity, and feedback provided in the evaluation form. The values
of M1 and M2 are found in Table 3. For example, for task (2) “For which combination
of demands does the objective synergy get better?”, the participants had to simulate
selecting CRM demand, Banking Automation demand, or both, and only one of them
answered wrong. As shown in Table 3, the effectiveness to perform IT management
activities for demand and solution analysis was positive with our infrastructure in the
selected and applied context. However, the efficiency was not so high with its use. In
turn, the usability measures shown in Figure 7 suggest that some mechanisms need
improvements, especially because of weak evaluations obtained for the heuristics Error
prevention, Flexibility and efficiency of use, and User control and freedom.

Table 3. Effectiveness and efficiency measures

Participant Number of Correct Answers Time (min) Effectiveness Efficiency
P1 6 65 0.750 0.092
P2 6 42 0.750 0.143
P3 5 35 0.625 0.143
P4 6 50 0.750 0.120
P5 5 51 0.625 0.098
Average 5.6 48.6 0.700 0.119

Finally, the qualitative feedback on the user’s impressions was analyzed. For the
question “What were the biggest difficulties in performing the proposed tasks?”, some
participants pointed out: to perform the steps required for the sustainability chart update
(and to ensure that the values were also updated); to understand the sustainability moves
since the points were too close and had no marks to facilitate the reading; and to find the
list of members of a team. For the question “If you are missing resources, please write
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here:”, some participants mentioned: storage of the historical series of SECO network

graphs to evaluate different combinations; and automatic comparison of different SECO

configurations (scenarios). Considering the question “In your opinion, what are the most

useful resources?”, some participants highlighted: sustainability chart visualization and

simulations of selection’s combinations; forum’s structure (by specific themes and by

discussions/suggestions); and trend topics mechanisms (tag cloud). Finally, the question

“Do you have any suggestion?” allowed us to collect the following points: usability

improvement for the Gephi plug-in (P2: Richer graphical resources for analysis of the

selected items, also tracking the history) and presentation of relationships in forums (P2:
I missed graphical resources from social networks to support discussions of topics).

m Totally disagree  m Disagree Not agree nor disagree  mAgree  mTotally Agree

Visibility of system status

Match between system and the real world

User control and freedom

Consistency and standards

Error prevention

Recognition rather than recall

Flexibility and efficiency of use

Aesthetic and minimalist design

Help users recognize/diagnose/recover from errors

Help and documentation
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Figure 7. Usability measures

In general, the participants understood the role of our infrastructure and found
the proposal useful, considering the mechanisms provided by Brecho (e.g., forum and
tag cloud) and by Gephi (e.g., sustainability chart). The most popular suggestions were
to improve the steps to generate the chart and to show the simulation history in order to
compare and select different options. This study revealed not only corrections (e.g., bugs
in button, and resetting options) but also new resources (e.g., to visualize the historic
data of simulations) to be implement aiming to better monitor SECOs.

There are some limitations of our study, e.g., the low number of participants, the
lack of a control group for comparisons, the lack of more and diverse scenarios, and the
subjective collection of the research impressions. As threats to internal validity, we
highlight: the infrastructure can influence the user’s experience, and the execution form
can interfere in the participant understanding. In turn, as threats to external validity, we
point out: data are specific for an acquirer’s reality, participants not necessarily work in
the same company, and it is not possible to represent all the SECO context in a scenario.

5. Final Considerations

Current business environments and communities are continuously evolving. This reality
contributes to changes in the organizational processes, affecting business objectives and
demands/solutions selection. This fact motivated us to research how SECO perspective
affects IT management activities, more specifically demand and solution analysis,
aiming at helping IT managers and architects to make acquisition decisions. This paper
presented an infrastructure to support socialization, monitoring and analysis of SECO
named Brech6-SocialSECO. The asset base’s socialization and analysis mechanisms
were built upon a component library to aid the SECO monitoring. The main motivation
is the lack of initiatives that combine market data with those obtained from the software
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asset database, as reported in a literature review on SECO (Manikas & Hansen, 2013).
To evaluate our proposal, we conducted an initial feasibility study to observe the impact
of SECO monitoring in the software acquirer’s IT management activities as well as the
tool usability. As a result, the effectiveness to perform IT management activities for
demand and solution analysis was positive with our infrastructure, in the selected and
applied context. The same happened for the most usability concerns. However, the
efficiency was not high with the use of the tool.

In summary, our study brings initial indications that our proposal helps IT
management teams in their daily activities. Our contributions are: (a) implementation of
an infrastructure for socialization, monitoring and analysis of SECO, as well as the
sustainability indicators that are critical for IT management activities; and (b) evaluation
of some mechanisms of our proposal with practitioners. Future work involves a
complete evaluation of Brechd-SocialSECO. The level of collaboration resulted from
the implemented social mechanisms, as well as the relevance of suggestions turned into
demands will be investigated. Despite several limitations of this work, we believe that a
long road is right ahead and the topic can contribute to the Software Engineering area
regarding the treatment of business and social challenges discussed by the research and
industrial communities.
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Abstract. Defense domain is a crucial branch of the government of any country
since it ensures the national security and supremacy. Hence, it is imperative that
the technologies adopted that support their operations must be aligned with the
cutting-edge scientific research results and technologies. In particular, software
systems play a crucial role in defense domain, since they are usually connected
among themselves, forming alliances known as System-of-Systems (SoS). In the
last decades, SoS conception has evolved and Brazil has also adopted SoS’ de-
velopment strategies. However, we identified a lack of reports communicating
challenges faced and strategies adopted to carry out SoS Engineering (SoSE) in
Brazil. In this direction, this paper reports experience, results, and challenges
of a real project carried out in Brazilian Department of Defense, particularly
in the Navy’s context. We report the conception of an SoS named Blue Amazon
Management System (SisGAAz), a SoS for Brazil’s defense and maritime surveil-
lance. We claim that this report contributes to SoSE since it offers a panorama
of SoS conception in Brazil, representing, as a matter of fact, the state of the art
in SoSE for Defense in our country, a paramount artifact for the advance of SoS
research.

1. Introduction

Software-intensive Systems-of-Systems (SoS)! are strategic. They have been developed
and adopted as a first class citizen in a range of domains, particularly in defense domain.
Many systems have been combined, supporting reliable and trustworthy operations per-
formed by army, navy, and aeronautics, delivering complex functionalities by means of
defense SoS, and exhibiting crucial emergent behaviors, such as, the defense of a country
itself as a result of the interoperability among all those individual systems. In this sense,

"For sake of simplicity, SoS will be used interchangeably to express singular and plural.
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SoS Engineering (SoSE) has become strategic, guiding how to develop constituent sys-
tems, and offering insights on how to interoperate them to accomplish complex missions.

For a long time, interoperable systems in the defense area were largely used as
instances of SoS. However, a small focus has been given on reports of challenges, prob-
lems, and limitations identified during the SoSE development life cycle. Those lessons
learned are important since they represent expertise knowledge and experience that could
be shared to aid the conduction of other SOSE development projects, in military domain
or even other civil domains. Such lessons can foster the development of SoSE research,
exposing the gaps, challenges and difficulties, to point out directions to which the inves-
tigation efforts should be invested. Unfortunately, this knowledge is often restricted to
project documents in defense departments, and, particularly, there is a lack of reports of
SoSE projects, specially in Brazilian defense area.

In this direction, the main goal of this paper is presenting an overview on the cur-
rent practice on SOSE in Brazil, externalizing the challenges faced during the conduction
of a real project, and arising challenges that still must be overcome. In particular, we
perform an analysis of the challenges identified in the early stages of the SoSE life cy-
cle (Concept of Operations, Requirements Engineering, and Architecture Design), carried
out in a real project of the defense area. In this paper, we analyze SisGAAz, a Brazilian
Navy Management SoS project composed of a set of interoperable systems to collect,
share, analyze, display operational information, and provide decision support regarding
the Blue Amazon. Many of these systems are already in use by the Brazilian Navy and
others will be developed and integrated during the systems development [Chaves 2013].
The main contribution of the paper is exposing those challenges, opening research oppor-
tunities for SOSE in Brazil. The remainder of this paper is organized as follows. Section
2 presents a background. Section 3 presents an overview about SisGAAz project. Sec-
tion 4 outlines challenges, limitations and problems identified during the first phase of the
project. Section 5 points out for advancements we should conduct in order to overcome
the highlighted challenges. Finally, Section 6 presents final remarks.

2. Foundations

SoS result from other operationally independent systems (so-called constituents) work-
ing together to reach common goals. Each constituent performs its individual mission
contributing to the success of the global missions [Silva et al. 2014]. SoS have been con-
sensually distinguished by a set of inherent characteristics [Maier 1998]: (i) operational
independence of the constituent systems, since constituents have their own operation even
if they work within the scope of the SoS; (i1) managerial independence of the constituent
systems, which can be independently managed by distinct organizations and stakehold-
ers; (iii) evolutionary development of the SoS, since the SoS evolve as a consequence
of the individual evolution of its constituents, their functions and purposes; (iv) distribu-
tion, since constituents’ interoperability relies on some communication technology, and
(v) emergent behavior, which enables the SoS to provide new functionalities from inter-
actions among constituent systems and that are not localized in a single constituent. In
particular, missions are an important SoS concept, specially in military SoS.

SoS are categorized according to its degree of authority that it has over
the constituent systems that cooperate to the accomplishment of the missions
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[Department of Defense 2008]. In this perspective, four basic categories of SoS can be
defined: (i) Directed — The SoS is controlled by a central entity and it is designed and
operated for fulfilling specific purposes. Constituent systems can have their operational
and managerial independence, but their behavior is subordinated to the central control
and its purposes; (ii) Acknowledged — Goals, resources, and central control of the SoS
are all recognized, but the constituent systems retain their independent management and
their behavior is not subordinated to the central managed purpose; (iii) Collaborative —
Constituent systems voluntarily collaborate in a greater or lesser degree in order to ad-
dress shared or common interests. In this case, a central control has little coactivity over
the behavior of the constituent systems and it typically offers standards to allow the col-
laboration among those systems; and (iv) Virtual — There is no central control and uni-
versal purposes, and such purposes are neither designed or expected in many cases, SO
that constituent systems operate in a distributed and uncoordinated environment where
the mechanisms to maintain the SoS are not evident.

For a long time, SoS modeling has been carried out under a traditional document-
centric perspective, suffering of (i) replication of information, (ii) lack of traceability
between documents, (iii) inconsistencies of information and business rules, and (iv) dif-
ficulties to handle and search information in such documents. However, over the past
decade, SoS engineers have significantly increased the adoption of Model-Based Sys-
tems Engineering (MBSE), a SoSE approach that shifts from a document-centric per-
spective for a model-based reality, emphasizing the development and adoption of models
in SoSE [Ramos et al. 2012]. MBSE promises (i) a more effective knowledge manage-
ment that can enhance the ability of stakeholders to understand the system and its be-
havior and performance, (ii) enhanced team communications, (iii) explicit processes for
reasoning about system issues, (iv) early detection of errors and omissions, (v) improved
systems architecture, (vi) detailed design integrity, and (vii) effective design traceabil-
ity [Kalawsky et al. 2013, Do et al. 2014]. SysML? (System Engineering Modeling Lan-
guage), an extension of UML? (Unified Modeling Language), is considered a central stan-
dard notation in MBSE [Industries Alliance 2003, Delligatti 2013].

3. SisGAAz Overview

The Brazilian Navy has developed a system called SisGAAz to meet the guidelines of
the National Defense Strategy of Brazil for managing an area known as Blue Amazon.
The Blue Amazon is associated with an oceanic area and corresponds to Brazilian Juris-
dictional Waters (BJW), international areas of responsibility for the Search and Rescue
operations (SAR - Search and Rescue) and areas of specific interest that go beyond the
BJW and the SAR area [Chaves 2013].

SisGAAz supports Brazilian Navy’s activities in its constitutional allocations and
subsidiaries assignments, such as protecting the national frontiers and ensuring the brazil-
ian sovereignty. The project involves a diverse team with several professional roles such
as Telecommunication Engineers, Systems Engineering, Software Engineers, Domain Ex-
perts, Project Managers, Quality Managers, Information Managers, and Infrastructure
Technicians, totalizing around 30 people involved.

Zhttp://sysml.org/
Shttp://www.uml.org/
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SisGAAZz’s mission is monitoring and controlling, in an interoperable way, the
national maritime area (waters under brazilian jurisdiction), international areas of re-
sponsibility for the search and rescue operations, and areas of specific interest that go be-
yond the previous ones, in order to contribute to the strategic mobility, represented by the
ability to respond promptly to any threat, emergency, aggression or illegality. SiSGAAz’s
main purposes are: (i) information sharing and interoperability among the institutions
with interest in the sea (national and international, public and private); and (ii) supporting
network centric operations and the providing decision support by a shared virtual envi-
ronment. Figure 1 depicts the government entities that maintain relations and operations
with the Brazil’s Navy that benefit from the SisGAAz. Entities are illustrated as actors
and include several ministries, Army, and Justice.

uc [Project] Project_SisGAAz [SisGAAZ]

Ministry of National il ini Arrmy nse Ministry

Integration
A ministry

Ministry of Science,
Technology and
Innovation

Ministry of

Development

Ministry of Fisheries and
Agriculture \-\\
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Companies and Transport
Regulatory Agencies

Ministry of Miristry of ~ Ministry ofindustry ~ Ministry of

Tourism Environment and trade finance

Figure 1. SisGAAz external entities and stakeholders.

SisGAAz development was divided in two phases: conceptualization and develop-
ment. The conceptualization phase involved the system specification and design (opera-
tional concept and requirements), elaboration of project management plans, and architec-
ture design. This phase was completed in two years and it was developed in the following
four tasks: (i) project management planning; (ii) elaboration of Concepts of Operation
(ConOps); (iii) elicitation, analysis, and documentation of system requirements; and (iv)
conception and design of SoS architecture. Figure 2 illustrates the project life cycle.

The development of SisGAAz follows an evolutionary approach (iterative and in-
cremental). Initially, a small core of functionalities is already implemented and deployed.
Subsequently, the implementation activities are performed in a way that new functionali-
ties are added to constituents according to the local demands of an operational area. For
example, the Navy district of Rio de Janeiro is an operational area, as it is Sdo Paulo.
Rio de Janeiro district hosts the first constituents implemented according to the local de-
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Figure 2. SisGAAz Project’s Life cycle

mands. After that, the implementation will take place Sdo Paulo. The new constituents
developed there matches their specific demands, and after developed, they are joined to
the first ones to form the preliminary body of the SoS (with constituents from Sao Paulo
and Rio de Janeiro). Next, this work is iteratively carried out in other regions of Brazil,
creating new constituents, connecting them to the others, realizing the SoS, and expanding
the SISGAAz SoS progressively.

The proposed SoS has five types of constituents, each one responsible for one of
the following assignments: logistics support, cybersecurity, intelligence, command and
control (C2), communications, and remote sensing. Logistics constituent aims to pro-
vide support to logistics operations regarding Navy’s equipment, such as acquisition and
transport of material to national oceans supervision. Cybernetics constituent provides
capabilities related to SisGAAz safety and security aspects, supporting (i) availability
and assurance of confidentiality of information and services, (ii) defense and protection
of networks (internal and external), (iii) monitoring the full spectrum of cyber warfare
operations, and (iv) safety and protection of services and constituents that forms the Sis-
GAAz. The command and control (C2) constituents are military systems that provide
features to support planning of command operations and control of constituents in the
accomplishment of the mission, playing a type of central authority role. The communica-
tions constituents provide the technological infrastructure to integrate the various military
organizations and SisGAAz constituents. The intelligence constituent aims to support
planning and execution of operations, according to the ConOps. Finally, the remote sens-
ing constituent provides functionality for collecting, processing and distributing data from
a variety of sensors, new or legacy, which make up the SisGA Az and data received through
cooperation with other organizations. Each brazilian geographic area can host a subset of
those types of constituents that are linked together to form the national scale SoS known
as SisGAAZ.
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4. A Panorama of SoSE in Brazil

After our participation in the first phase of SisGAAz project, we glimpsed a panorama
about how SoS is currently developed in Brazil. Next, we distill our view on SoSE in
Brazil under some remarkable perspectives.

4.1. SoS characterization

Most of current military systems are part of a SoS, even if not explicitly recognized as
such. Although SisGAAz project has focused on the development and acquisition of in-
dependent systems, many of those systems have been and will be created and integrated
into the SisGAAz without explicit consideration of SoS type. In a first perspectice, Sis-
GAAz could be considered as a directed SoS, specially for the presence of a C2 con-
stituent with some degree of central authority. However, SisGAAz’s constituents share
objectives, management, and independent resources. They are, in practice, a collabora-
tive SoS, but (i) they have not been thought as such, (ii) other constituents have been
arbitrarily added to such SoS, and the level of control is not clear, which reflects on how
the SoS is engineered [Dahmann and Baldwin 2008]. In SisGAAz project, those issues
and SoS characterization were not considered. This issues impact directly in the dynamics
of project management, systems engineering and architectural decisions in the system.

4.2. System Engineering Process

During the conceptualization phase of SisGAAz, a traditional document-centric system
engineering process was adopted. Such process is based on American Department of
Defense (DoD) MIL-STD-498, a process to guide how to perform activities for defin-
ing the SoS system architecture [Department of Defense 1994] and standardize software
development and its documentation. It proposes different types of documents (known
as Data Item Descriptions (DIDs)) to elaborate the project plans, concept of operations,
requirements, design, test, software, support manual etc. Such approach exhibits im-
portant limitations that make the SoS development process costly, bureaucratic, and
heavy, sharing all of the aforementioned drawbacks brought by document-centered ap-
proaches. Specific issues problems due to (i) information spread across several docu-
ments, (ii) lack of correspondences between requirements, analysis, and system design,
becoming them hard to assess, (iii) difficulties of comprehension of the whole SoS and
its architecture, (iv) difficulties to maintain such disjoint set of artifacts, what signifi-
cantly impacts the total cost and effort, and (v) obsolescence of the SoS architecture
[Industries Alliance 2003]. Indeed, even with the high cost, the artifacts become incon-
sistent and obsolete [Friedenthal et al. 2008, Delligatti 2013].

4.3. System Engineering Lifecycle Management

SisGAAz involves several professionals from different knowledge areas distributed in
two states (Sdo Paulo and Rio de Janeiro). The communication between the team mem-
bers was realized by e-mails, phone and files exchanged through a repository of version
control. As a consequence, we have identified some problems: (i) excessive number of
documents and files stored in a huge repository; (ii) fragmented records of project in-
formation scattered in numerous emails; (iii) problems to share the information between
the engineers during the project; and (iv) loss of important information during the meet-
ings by telephone. This poor and ineffective communication brought a negative impact
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on the progress of the project and mainly for the SoS architectural specification, particu-
larly in this real case, in which the project is large, complex and multidisciplinary. The
system engineering life cycle was realized without an integrated and collaborative system-
engineering environment. Consequently, the team did not have a clear view of the system
engineering process used in the project and it was very difficult to realize the tasks and
activities proposed to the project.

4.4. Models

Some system engineering models were developed during the architectural system design
step. Business Process Model and Notation (BPMN)* and Data Flow Diagram (DFD)
were used for the representation of operational processes. A combination of UML and
SysML models were adopted for materializing the System and Subsystem Design De-
scription (SSDD). Many models (BPMN, SysML and UML) created during the project
used incompatible elements of language to represent the SISGAAz architectural descrip-
tion. This combination produced incomplete and inconsistent models according to the
syntax and semantics proposed by the language. This is a result of the lack of an appro-
priate MBSE method to support the correct use of SysML. Distinct modeling approaches
can cause a lack of standardization during the development phase. In addition, models in
SysML and UML are largely static and descriptive and do not capture the dynamics and
executable aspects of emergent behaviors of SoS.

5. Challenges and Advancements

As reported, there are types of limitations in the way SoS are currently engineered in
Brazil. As a matter of fact, the SOoSE practice in Brazil has been divergent from the
world-wide state of the art and practice that we yielded previously. Thus, it is paramount
to take those observations as motivations to research and advance in our practice to
produce SoS. In this direction, we argue that each of the aforementioned key viewpoints
configure specific challenges raised. In this direction we raise the following challenges
(C) for the current practice of SOSE in our country:

C1. Conception of SoSE processes that are aligned with Maiers’ taxonomy:
Current SoSE practice in Brazil does not take into account the aforementioned taxonomy
[Maier 1998]. Hence, it is important to adopt and conceive SOSE processes that aides
the stakeholders involved to discern the nature of the SoS being produced, and in which
the activities support the realization of the SoS architecture, avoiding architectural
degradation [Gurgel et al. 2014]. Hybrid cases, i.e., those ones in which multiple types
of central authority can co-exist, as in SISGAAz, must also be investigated;

C2. Substitution of Ancient Processes: Current practice in Brazil still adopts document-
centric approaches. In alignment with international trends, SoSE processes must be
migrated to modern proposals;

C3. Absence of Process Standardization and Automation: Even with the adoption
of some industrial standards, there is a lack of standardization in the processes. The
process recommendations are not strictly followed. Hence, it is necessary to propose
some methods to facilitate the adherence of the stakeholders to the processes elaborated
and/or adopted and their institutionalization. Software Process Improvement practice can

“http://www.omg.org/spec/BPMN/2.0/
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give some guidance on this direction and Governance politics must also be proposed for
this scenario;

C4. Models and Automation: It is necessary to shift the SoSE practice in Brazil from
the outdated document-centric approaches to the cutting-edge technologies and processes
for SoSE, in particular MBSE. There is a lack of models in the current approaches, a low
level of abstraction in the documents, and a low possibility to automate SoSE production
activities tasks. All this scenario increases the complexity in the development, reduces
the maintainability and traceability of the final product, and causes a lack of sync between
the final product and the correspondent documents. Solutions must be adopted, extended,
and proposed to tame those drawbacks.

Since we identified those challenges, we also propose some intervention propos-
als that can aide the advancement of current practice of SoSE in Brazil. Among these
practices, we can highlight the following:

SoS Processes (C1, C2, C3): we noticed a lack of guidance to support the SoS character-
ization and processes that reinforce the adherence of team members to their tasks. New
processes specially tailored for SoS have been proposed [Goncalves et al. 2015]. They
must be adopted and/or extended to overcome such difficulties and to support such pro-
cesses institutionalization and a strict adherence to SoS taxonomys;

Conception of Collaborative and Distributed Software Development Environments
for the conception of SoS (C1, C2, C3): Engineering SoS involves a range of people that
inherently collaborates to deliver a final product. Specially in SoS, there is a high degree
of diversity of the stakeholders and institutions involved in the production life cycle, many
times geographically spread. Hence, it is paramount to develop software environments to
support a suitable management of the SoS development with all sort of complexity in-
volved. Those tools should support collaborative work with an additional dimension of
global distributed development, supporting a current reality of Distributed Software De-
velopment [Marczak et al. 2014, Santos et al. 2015], a reality in SoS conception. Hence
we propose that collaborative web-based environments must be suitably conceived in or-
der to match the modern demands imposed by SoS production;

Endorsement of models, metamodels and MBSE approaches in SoSE (C4): Mod-
els and metamodels foster an institutionalized practice of documenting software,
even in SoS context, since they become first-class citizen in the production chain
[Graciano Neto et al. 2015], becoming a golden feature in software and systems develop-
ment. MBSE approaches and processes for SoS are imperative, since models contribute
to automation, traceability, abstraction. They must become the de-facto standard to drive
SoS conception and specification, overcoming the drawbacks deeply related to document-
centric approaches, and adopting the cutting-edge technologies recently proposed to skip
the ancient frontiers of SoS production. Remarkable examples include the use of archi-
tectural description languages (ADL) for documenting SoS software architectures, such
as the recently proposed SoOSADL [Oquendo 2016];

Simulation technologies (C4): Simulations are a well-recognized technique in SoSE
[Graciano Neto et al. 2014]. Since it offers a model that facilitates the visualization of
the SoS operation before properly being deployed, it anticipates the detection of deffects
and problems promoting an early correction of them, provides a dynamic view for SoS
architectural description models to aide SoS architects in their activities in the software
architecture lifecycle, facilitates validation and verification tasks [Michael et al. 2011],
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specially tackling dynamic properties inherent to SoS, such as emergent behaviors
[Graciano Neto and Nakagawa 2015]. A remarkable example is DEVS (Discrete Event
System Specification), a modeling formalism for SoS that relies on sequence diagrams,
state diagrams, ports specification, and input/output events [Zeigler et al. 2012].

These are important directions for the progress of SoS engineering practice and
improvement of systems engineering industry in Brazil. We assume that each of these fac-
tors creates limitation and problems for SoS engineering. Overcoming them is imperative,
and the brazilian SoS community can contribute in order to extend international instances
of SoS production, proposing solutions and advancing the state of the art and state of
the practice in Brazil to ground a better future of technology to our country, specially
regarding the national security and supremacy.

6. Final Remarks

SoS have emerged and SoS engineering (SoSE) has become the heart of the development
of such systems. This paper presented a big picture of the practice in SOSE in Brazil. Our
main contribution is presenting an experience report of a real project conducted in Brazil-
ian’s defense context, externalizing the state-of-the-practice currently followed in Brazil.
We believe that the SoS projects for defense areas need to incorporate new practices and
approaches to system engineering and architecture design. Nowadays the systems en-
gineering has been undergoing a major transformation that consists in the adoption of
consolidated practices from modern software engineering to SOSE. We presented the chal-
lenges that we will face in SoSE in Brazil in the next years, and we propose some direc-
tions to support a sustainable path to realize such improvements that are in alignment with
other recently proposed research directions [Graciano Neto et al. 2016]. We are aware of
other international initiatives on reporting experience in SOSE [Do et al. 2014]. However,
from the brazilian perspective, this is an innovative artifact. Future work include working
on some of the branches we raised, and extending our reports in other directions, such as
externalizing the software architectural description of SiSGAAz, and adopting such SoS
as case study scenarios for solutions we have worked on in the research groups we are
enrolled (START/ICMC and ArchWARE/IRISA).
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Abstract. System of Systems (SoS) provide means of integrating independent systems
aiming at achieving goals that could not be accomplished if these systems were ex-
ecuted isolated. Among the several types of SoS identified in the literature, virtual
SoS still pose several challenges to be built. By not depending on a central coordina-
tor, virtual SoS are the most robust type of SoS. On the other hand, collaborative SoS
presents the advantage of having a well established emergent behavior design, which
we intend to combine with the robustness of virtual SoS. Therefore, in this paper we
propose a reference architecture to build SoS of a mixed type between virtual and
collaborative. We present a prototype we built as a proof of concept of the proposed
architecture that employs services for communication among constituents. We also
describe how the architecture has been applied for a SoS in the software engineering
tool domain. As conclusions, the architecture was successfully applied to implement
a mixed-type SoS since its inception. In addition, the developed prototype can be
reused for other SoS instances in different domains.

1. Introduction

A System of Systems (SoS) is a collection of independent systems and their interrelationships
to produce a system that presents additional behavior that is greater than the sum of the parts
[Boardman and Sauser, 2006]. They have great potential of obtaining advantages of several ex-
isting systems to accomplish emergent behavior. The challenge is to know how to integrate the
systems to become constituent systems (CS), considering their relationships and participation
in the whole SoS.

Several types of SoS have been identified in the literature. For example, Maier [1998]
classifies them as directed (a centrally managed SoS built and managed to fulfill specific pur-
poses), collaborative (a SoS where CS interact to fulfill central purposes guided by central
players), and virtual (a SoS with emergent behavior that has not a central management author-
ity).

Maier classified the World Wide Web as a well known Virtual SoS [Maier, 1998]. By
not having a central management authority, this category of SoS allows any interested party to
create a new CS and join the SoS. At the same time that we want systems to be independent,
we need to ensure that the SoS goals are met, i.e., it is important to plan specific emergent
behaviors expected to be fulfilled, similarly to a Collaborative SoS design. We cannot discern
and distinguish exactly how the system functionality is achieved in a virtual SoS. Nielsen
et al. [2015] consider a large-scale complex IT system as a virtual system, justified by the fact
that they consist of systems that work together, maybe with mutual interest, but are owned
by individual organizations that may be competing. It is important to highlight that we have
not found any SoS architectures proposing solutions that satisfy the needs of such systems.

51



Therefore, we intend to identify how the gap between Virtual and Collaborative SoS designs
could be interpolated with a Mixed-Type SoS.

Therefore, this paper has the following goals: (i) to identify a set of requirements for
the Mixed-Type SoS, (ii) to present a service-based architecture, which we named MV-SoSA,
that serves as a basis when composing new Mixed-Type SoS, (iii) to present an implementation
of MV-SoSA that we refer as MV-SoS-Prototype, and (iv) to describe a concrete example of a
Mixed-Type SoS employing MV-SoS-Prototype as part of a case study.

The remainder of the paper is organized as follows. In Section 2 we summarize the
concepts of SoS and Services. In Section 3 we present the architecture proposal: first we
identify the requirements for a Mixed-type SoS (Section 3.1), followed by an overview of
MV-SoSA (Section 3.2). In Section 4 we present MV-SoS-Prototype. In Section 5 we describe
how MV-SoSA is instantiated to develop a SoS in the software reuse domain. Related work
is discussed in Section 6. Finally, the conclusions, as well as future work, are discussed in
Section 7.

2. Background

Systems of Systems (SoS) allow the aggregation of independent systems, together with their
relationships, to form a whole that is greater than the sum of the parts [Maier, 1998]. Thus, it
is possible to achieve complex goals that would not be easily achieved individually by the CS.
Emergent behaviors can also arise at any time and should be easy to model.

Maier (1998) classifies SoS based on managerial characteristics, suggesting three types
of SoS: Directed, where the integrated SoS is built and managed to fulfill specific purposes and
CS maintain an ability to operate independently, but their normal operational mode is subordi-
nated to the central managed purpose; Collaborative, where the CS interact voluntarily to fulfill
agreed upon central purposes and central players collectively decide how to provide or deny
services; and Virtual, where there is neither a central management authority nor a centrally
agreed upon purpose for the SoS, but behavior emerges naturally from the composition.

Maier [1998] has defined five important characteristics of SoS: operational and man-
agerial independence of CS, emergent behavior, geographical distribution, and evolutionary
development processes. These characteristics are relevant in the context of this work, as the
proposed architecture will allow several independent systems to work together forming a SoS,
whilst they can freely enter or leave the composition without having their independence af-
fected at all.

Service-orientation has been presented as a potential mechanism to allow the construc-
tion of SoS [Madni and Sievers, 2014]. A service has a public interface that is available and
inter-operable, and it can dynamically connect to other services [Mahmoud, 2005].

The use of services is appropriate in distributed software development environments,
in which the integration among different tools is required, preferably in a transparent way, in
particular for SoS. Indeed, in a systematic review published recently [Vargas et al., 2016], it
was verified that a considerable number of publications, approximately 51.72%, have explored
the use of services for integration of CS in the SoS context.

3. Architecture Proposal

In this exploratory study, we propose a generic architecture for building a Mixed-Type SoS.
We have initially considered SoS in the information systems domain, where each CS can make
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available, through services, pieces of information that are potentially of interest to achieve the
SoS emergent behavior.

By its own definition, virtual SoS might not be as reliable as required by organizations,
because they could enable behaviors not predicted by the CS owners. In the same manner,
organizations might also require expected behaviors that cannot be covered by a virtual SoS
implementation. On the other hand, the organizations may also require that the SoS must be
designed with pre-planned emergent behaviors, unlike virtual SoS, since they cannot be devel-
oped to guarantee the emergent behavior. We study a solution to this problem by introducing
some characteristics extracted from the collaborative type, more specifically, we suggest that a
predictable set of trusted systems is kept by each system willing to participate in the SoS. The
implementation of this suggestion maintains the virtual characteristic of the SoS, because: 1)
CS are not obliged to provide predicted services; i) CS do not have a coordinator or a previ-
ously planned collaboration sequence; and iii) CS have total autonomy to perform their tasks,
without depending on a pre-specified choreography.

3.1. Requirements for the Mixed-Type SoS

We have established a set of requirements for the Mixed-Type SoS, listed on Table 1 and ex-
plained below. They resulted from the analysis of related works on Collaborative SoS [Mah-
mood and Montagna, 2012; Black and Fletcher, 2006], and on Virtual SoS [Ramos, 2014],
which allowed us to provide a simple design for our Mixed-type SoS. It is important to notice
that the classification of SoS is not orthogonal: according to Nielsen et al. [2015], autonomy
and ownership have to be maintained, but the SoS type is not expected to be uniform within a
SoS, but local subsystems of different types might arise.

# | Requirement

R, | the proposed System of Systems should be composed by a dynamic set of CS, similarly to a
virtual SoS

Ry | the CS must be independent, both from the operational and managerial perspectives

R3 | the CS can enter or exit the SoS at any time, without compromising the working of the
independent systems

R, | each CS should keep a list of trustworthy CS

Rs5 | each CS can provide services to both users and other trustworthy CS

R | components and list of trusted CS must be dynamically changeable

R7 | unique identifiers could be used to identify objects in the SoS

Rg | each CS is responsible to know its managed objects, so the authorization concern should be
implemented independently from authentication

Ry | a CS should be capable of performing cascading queries on other trusted CS that also provide
the requested functionality and provide a single merged response to the user.

Table 1. Requirements for the Mixed-type SoS

R, contains the basic requirement of our work, which is to propose a SoS composed
by a dynamic set of CS similarly to a Virtual SoS.

R5 1s important to maintain the fundamental characteristics of SoS as defined in the
literature. Basically, it states that each CS should have its own set of capabilities that are kept
working even when the system is not part of the SoS. Also, the system management is done
independently from the fact that the system is occasionally part of the SoS.

R3 ensures that CS are free to enter or to exit the SoS according to their own rules, i.e.,
a CS can manifest its interest in making part of the SoS, but can also decide to leave if this is
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the most appropriate action in a certain moment.

R4 guarantees that only trustworthy systems are allowed to enter the SoS. A mechanism
to catalog these systems and check if a system belongs to this catalog when trying to be part
of a SoS should be provided.

Rs5 depicts the duties of CS in relation to the SoS, i.e., as part of the SoS a CS can
provide services that can be useful to other systems or to the SoS as whole, contributing to the
emergent behavior. Eventually, a CS could be only a consumer of services provided by other
CS.

Ry is related to the dynamic configuration of CS. It is essential that new systems can
be included as members of the SoS at runtime. Analogously, any CS can be removed from the
list at anytime.

R7 is important to ease the retrieval of objects throughout the SoS. There should be a
mechanism through which we can identify, based only on an object unique identifier, to what
CS it belongs, the identification of the CS it belongs to and its type (class).

Ry 1s related to access control. Authentication, i.e. ensuring that the logged users are
who they claim to be, could be managed separately by an independent CS or service. However,
a CS is responsible for knowing its managed objects and mapping them to groups of users who
have read/write access rights. The authorization to perform specific functions or to have access
to managed objects could be dealt with by a CS or service that receives the managed objects
list as input. In this case, a token could be provided as a way of ensuring that the user has been
authenticated/authorized to access the system within a predetermined time period.

Finally, Ry is related to the ability of CS to perform cascading queries. A single CS
should provide the option to the user to perform cascading queries for a single query call. In
this manner, the called CS needs to know other trusted CS that also provide the requested
functionality of the query, which should be then called recursively, accumulating responses of
the requested query into a single response to the user.

3.2. MV-SoSA Overview

Based on the specified requirements, we propose an architecture, named MV-SoSA (Mixed
Virtual-System of System Architecture), that serves as a basis when composing new Mixed-
type Systems of Systems. Next, we provide more details about MV-SoSA, using two different
views (a conceptual model and a layer view), as well as an explanation of how cascading
queries work.

3.2.1. Conceptual Model

A conceptual model for MV-SoSA was created by considering the requirements listed in Sec-
tion 3.1. The diagram for this model is shown in Figure 1. UID, defined following R; and
Ryg, represents the unique identifier for objects of the SoS. It is inherited by ManagedObject,
which was defined according to Rg. ManagedObject is used to classify objects that are stored
by CS and may be transferred among other CS.

User was defined following R; and represents external users of the CS. SoS was defined
according to R;. Since the SoS is dynamic, similarly to a virtual SoS, there would be no
concrete implementation of this class, because there is no entity that owns or manages the SoS
completely. The class was simply created in order to represent that the SoS is composed by
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Figure 1. MV-SoSA Conceptual Model.

CS, which, in turn, is represented by ConstituentSystem, defined according to Rs, R3, Ry, Rs,
Rg and Rg. Services are represented by class Service (I25). These services are provided by the
CS itself, to its external users or to other trusted CS.

3.2.2. Layer View

Network

Constituent 1 Constituent 2 Constituent n

Access Catalogue ||| Legacy Connector Access Catalogue ||| Legacy Connector e Access Catalogue ||| Legacy Connector

Figure 2. MV-SoSA Layer view.

The layers of the MV-SoSA architecture are shown in Figure 2. On the top of the figure,
the network infrastructure is represented as a large single bus. The networking infrastructure
itself is not the main objective of this architecture, it just needs to be the same throughout every
CS. This way, it could be replaced by any other mechanism that enables communication of the
CS.

From the perspective of external users, the CS is a single black box that provides a user
profile and permission catalog, as well as other features provided as services. This happens
because every call is carried out by a proxy that delegates the call to internal service providers.
This proxy is also capable of calling external trusted CS in order to answer cascading queries.

The internal service providers are divided into “Access Catalogue” and “Legacy Con-
nector”. “Access Catalogue” contains the records of trusted external entities, which are ei-
ther users (including their different roles) or other CS that are entitled to access this CS. The
“Legacy Connector” layer aggregates connectors which wrap the actual services targeted at
the end-users of the CS. This aggregation strategy allows dynamic connector loading. Then,
each CS has a variable set of features implemented by legacy service connectors, which are
represented by Ly . Each of these connectors should be implemented to provide a compatible
interface to the SoS CS to be able to call the legacy service.
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Figure 3. Sequence Diagram of Proxy Call Delegation to System Interface

3.2.3. Proxy Behavior

In order to explain the proxy behavior required to enable cascading queries, as well as dynamic
feature emergence, a simplistic perspective is considered, as illustrated in Figure 3.

Consider that the Mixed-Type SoS has been successfully composed after the CS are
initialized with a set of trustworthy CS. In this case, the CS (“CS1”) may forward any call
from external users (referred as “Client”) to an internal connector capable of delegating to the
requested service provider (“service”), as well as forwarding the call to any other trusted CS.
The CS are actually capable of calling more than one internal connector, as well as more than
one trusted CS.

The proxy behavior is similar to the proxy pattern by the Gang of Four [Gamma et al.,
1995], however, in this case, the systems are dynamic. Therefore, the proxy code does not
have the method signature to be called, requiring the dynamic decoding of each client request
by interpreting the signature at run-time and then delegate the call to the actual legacy system
and/or trusted CS. After the delegated legacy systems and trusted CS reply the request, the
proxy must then aggregate the responses into a single message that is returned to the client.

4. Prototype Specification

In this section we present a prototype that follows all the requirements of MV-SoSA, referred
in this paper as “MV-SoS-Prototype”. This prototype is shown to demonstrate that the mixed-
type is possible to be implemented, though this prototype might not cover specific kinds of
SoS that are designed to integrate legacy systems. For legacy system integration, it would still
require to implement connectors to attach these systems to the new architecture.

In our example, the architecture was designed as an SoS system since its inception,
where every CS has basic behavior for integrating services and communicating with other
CS that belong to a list of trustworthy systems. In this manner, each CS is modular and is
composed by legacy connectors that provide variable sets of services.

In order to encapsulate the common behavior among CS, in our particular implemen-
tation, we consider that all CS have a kernel component. This kernel is the basic element of a
CS and manages the associated services and CS administrators. The basic responsibility of the
kernel is to allow communication among CS. This communication could happen among the
service providers that represent actual applications for the end users or other CS. The kernel
also acts as a proxy to allow external clients to access both its managed service modules, as
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well as with compatible services provided via other CS kernels, which boasts the emergent
behavior capability.
4.1. MV-SoS-Prototype Kernel Architecture

The implemented prototype was based on a micro-kernel design with reliability as a primary
non-functional feature [Tanenbaum and Bos, 2015]. An overview of the prototype class dia-
gram is shown in Figure 4, where there are two main packages: common and kernel.

common kernel |

LegacyConnector

Token UUID System

T cslList

ManagedObject *

kerneICatangue| kernelAuthentication

E—

ConstituentSystem

Figure 4. MV-SoS-Prototype Design

The common package is composed by interfaces that define data-types used throughout
the architecture elements, hence the name common. This package is required by every element
of MV-SoS-Prototype, including the kernel itself. The kernel package represents the actual
kernel of the prototype. It was designed to cope with the most minimal and fundamental
features of the system.

4.2. Common Types

Since MV-SoS-Prototype allows different CS to manage their objects, it was important to de-
fine a Universally Unique Identifier (UUID). This identifier must be hierarchical, allowing each
CS to generate valid identifiers without requiring calls to other CS, which can be completely
oblivious of object construction.

These identifiers are specified using the UUID interface, which defines how the hier-
archical parts of the UUID are separated, as well as the minimal parts to identify a running
instance of kernel and CS.

The CS based on MV-SoS-Prototype also manage objects that are addressed by these
UUIDs. Therefore, the interface ManagedObject is employed to specify whether an object is
managed, transferred and persisted by a specific CS or legacy system.

Since we have identified that the SoS requirements involve users, which could be a
human user or another computer system, the User interface has been also defined within the
common package. Our architecture was also planned to allow unified, yet distributed registra-
tion for users. Therefore, User is also treated as an universal identified object stored into the
CS and shared throughout the SoS.

The System is an interface to define the signature of required methods needed to imple-
ment a CS based on MV-SoSA. Finally, Token defines how access tokens that are transferred
among CS should be implemented.

4.3. Constituent Kernel

In our architecture, the Kernel of a Constituent System is designed within the kernel package
shown in Figure 4. The kernel is the basic element of a MV-SoS-Prototype instance, which
was inspired by a micro-kernel design. Therefore, it contains the execution entry point that
coordinates services required to implement its functionality.
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The execution entry point of the CS is defined within ConstituentSystem interface,
which also extends the System of the common package. The actual implementation of the
main method is defined in the ConstituentSystem class.

The authentication behavior is designed within the kernelAuthentication package.
Since the kernel has an architecture inspired by micro-kernel design, authentication is de-
fined as an external service. which also increases modularity capability. In this manner, the
actual user data is not stored inside the kernel, which can delegate to more than one trusted
authorization service to identify users.

Following the design of authentication package, the catalog is implemented as a ser-
vice within kernelCatalogue package. Since kernels and legacy connectors are all defined as
extensions of System, it is possible to store the legacy connectors managed by the current ker-
nel, as well as defining trusted foreign kernels. By this established design, it is also possible
to define components that serve more than one CS, increasing flexibility.

5. Evaluation - SoS Application

MV-SoSA has been applied to build a SoS for integrating instances of a reuse tool we have
developed at ICMC. In this paper, this tool is simply referenced as RT. It adopts the Reusable
Assets Specification (RAS) [OMG, 2005], from OMG, to store the assets in a repository, so
any type of reusable asset is allowed, as for example requirements, analysis models, design
models, source code, test cases, and processes. It is also based on SOA, i.e., clients can
consume the provided services to manage reusable assets, which can be stored in a cloud.

When we consider several independent instances of RT running at different organiza-
tions, it is clear that each instance is benefiting from the reuse of its locally stored assets. The
idea is to integrate these instances by building a SoS to offer emergent behavior that could not
be obtained by independent instances. Notice that the other SoS characteristics described in
Section 2, are also present in this SoS, i.e., each instance has its own management and oper-
ation; they are distributed geographically; and they could be evolved separately by different
organizations, which could adapt the instance to their particular needs.

RT shares the prototype kernel that we have presented in Section 4. Therefore, RT
CS can be also CS of our MV-SoS-Prototype. In order to instantiate RT it was necessary to
create service connectors based on the “System” interface and to publish the service-oriented
interface definitions. Then, the new CS is added to lists of other CS (part of “csList” of
Figure 4). It is required to have two or more CS that provide RT Services. According to
the current state of our implementation, the CS administrators must set manually the list of
trusted systems. Following that possibility, if these CS trust each other, users using any of the
CS are then able to access data from every instance, allowing these users to retrieve a single
merged result for a query performed on any of these CS, which would not be straightforward if
each CS is accessed independently. Other types of emergent behavior can be obtained as well,
if necessary. For example, if the code of an asset is stored in a configuration management
system, another possible emergent behavior of RT would be to warn other CS about changes
and conflicts to asset users.

6. Related Work

Kazman, et al. have described a set of design patterns for SoS. They have described patterns
such as Facade and Broker, which are similar to the Proxy Pattern, however, they have not
shown this pattern itself [Kazman et al., 2013]. In this paper, we have presented an actual
implementation of Proxy Design Pattern for a SoS.
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Mahmood and Montagna have devised a generic framework for defining a SoS archi-
tecture suited for specific applications. They have also presented a Production SoS design by
using the proposed framework [Mahmood and Montagna, 2012]. In this paper, our goal was
to present a Mixed-type SoS architecture and implementation instead.

Among the definition of complex multi-tier systems that involve the definition of con-
nected subsystems, there is the implementation of a complex robotics collaborative and dis-
tributed system [Black and Fletcher, 2006] and a transportation distributed system [Padmadas
et al., 2010]. These authors describe several advantages linked to the modularity of the com-
ponents employed into the design of these systems.

Vierhauser, et al. have proposed a software system to monitor the execution of SoS
[Vierhauser et al., 2014]. In our SoS implementation, this behavior is also carried by the CS
kernel, which monitors the provided subsystem services as well as trusted services provided
by other CS.

Ramos devised an approach for SoS development based on statecharts and publish-
subscribe mechanisms [Ramos, 2014]. His work was also based on Virtual SoS taxonomy,
however, unlike our proposal, it is only suited to local area networks because it depends on
event broadcast that is not suitable for a wide area network, e.g. the Internet.

7. Conclusions and Future Work

In this paper, we have established a type of SoS that fills the gap between virtual and collab-
orative SoS, which we referred simply as Mixed-type SoS. A set of requirements for it was
presented, which characterizes a foundation for future SoS research. These requirements were
used as basis to design an architecture for Mixed-type SoS, named MV-SoSA. It was designed
to be simple and modular to be adapted to several application domains. To the best of our
knowledge, Virtual SoS research lack exploratory studies.

Subsequently, MV-SoSA was instantiated to create an actual functional prototype, em-
ployed during an exploratory study for an application in the context of software reuse. Our
implementation was successfully applied to compose independent systems fulfilling the ex-
pected requirements, e.g. emergent behavior, trusting mechanism, authentication, dynamic
component loading and modularity.

We expect that our work contributes to efforts on evidencing what could or not be
planned for the design of an actual Virtual SoS. Additionally, it could serve as basis to ex-
ploratory studies that can try to solve the several challenges presented by Virtual SoS.

As future work, we intend to instantiate MV-SoSA to integrate a broader range of ap-
plications pertaining to different domains, as well as conducting experiments on their usability,
ease of integration and security. Among these applications, we can cite the evolution of the
tool described within Section 5 to be integrated into a project for reuse support [Braga et al.,
2016].
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Abstract. Systems-of-Systems (SoS) often support critical domains such as air
traffic control, and emergency and crisis response. Hence, their software archi-
tectures must be validated, guaranteeing that they conform to their specifica-
tion. However, SoS exhibit dynamic properties that bring difficulties to a static
validation. In this direction, simulations can aid by offering a dynamic view
for software architecture specifications of SoS. However, to be reliable, simula-
tion models must reproduce the real conditions of the surrounding environment
in which it will be deployed. Conversely, manually stimulating simulations is
tiring, repetitive, and error-prone. Then, we explored the possibility of auto-
matically deriving a ’stimulus generator’, that continuously emits stimulus for
the entities being simulated, supporting an early identification of failures, and
enabling correction before the deployment. In this direction, we present our
method to automatically derive a stimulus generator from a software architec-
ture description of SoS. The main contribution of this paper is providing such
method, suppressing the necessity of manually coding it. We evaluated our pro-
posal with an example of a real Flood Monitoring SoS. Preliminary results point
out that the stimulus generator automatically produced is reliable, emitting the
expected outputs, and suitably triggering the simulation.

1. Introduction

Software systems have become increasingly complex, forming alliances known as
Systems-of-Systems (SoS)!, and supporting critical domains. Due to that, SoS has a

"For sake of simplicity, SoS will be used interchangeably to express singular and plural.
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potential to cause damages, losses, and hazards. They must be constructed to be trust-
worthy, i.e., their operation must reliable in a way that people can safely rely and
trust on their success to accomplish their missions correctly, without failures, not caus-
ing accidents, working as expected, and rearranging themselves to keep their execution
[Oquendo and Legay 2015, Graciano Neto et al. 2016]. Then, it is imperative supporting
the SoS software development life cycle, in particular Verification and Validation (V&V)
activities, guaranteeing that the SoS yield the results expected by the missions assigned
to them, with an early identification of problems in SoS operation, assuring that the SoS
performs exactly what it is intended to [Michael et al. 2009].

Simulations are a recurrent approach in SoS Engineering (SoSE) to sup-
port such early anticipation of failures [Himmelspach and Uhrmacher 2007,
Michael et al. 2009, Sauser et al. 2010, Zeigler et al. 2012, Mittal and Rainey 2015,
Wachholder and Stary 2015]. In particular, simulations are useful for SoS, since they can
externalize the inherent dynamics associated to SoS operation. However, to be reliable,
SoS simulations must reproduce the real conditions in which it will be deployed. A
manual approach to reproduce such stimulus, which consists of stimulating the simulation
with inputs during its run-time, is costly, error-prone, tedious, and not correspondent to
the real rhythm in which the stimulus could be received. Additionally, manually coding
a stimulus generator is repetitive and domain-dependent, since each new SoS requires
a distinct stimulus generator. In order to reduce the costs associated to its engineering,
a possibility is automating the creation of such stimulus generator by a model-driven
derivation based on the SoS architectural descriptions that inherently stores information
about the inputs and outputs expected by the SoS.

In this paper we present specifically how to automatically derive a stimulus gener-
ator for simulation purposes of SoS software architectures by means of a model transfor-
mation. We document our SoS architecture in a high-level of abstraction using SosADL, a
new architectural description language (ADL) specially tailored for SoS [Oquendo 2016].
Furthermore, we adopt DEVS (a standard formalism for simulation approaches in SoSE
community) as the dynamic viewpoint to simulate SoS. Indeed, we establish a transfor-
mation from SosADL to DEVS (SosADL2DEVS) to deal with simulations of software
architectures of SoS while preserving their specification. The main contribution of this
paper is presenting such method, externalizing how to proceed with this transformation,
extracting such information about the stimulus from an architectural description of SoS to
support the creation of stimulus generators. We evaluated our proposal with a small-scale
instance of a Flood Monitoring SoS. Preliminary results are promising, with an effective
generation of a functional simulation. Our method brings straightforward derivation of
simulation code and traceability between software architecture and simulation models.
This paper is structured as follows: Section 2 outlines the concepts involved in our pro-
posal. Section 3 distills our method. Section 4 presents a brief evaluation we carried out.
Section 5 brings final considerations and points out for forthcoming work.

2. Simulation of SoS Software Architectures

Simulations are a recognized approach to deal with SoS dynamicity. They correspond to
an imitation of the operation of a real-world process or system over time, and involve the
generation of artificial stimulus and the observation of the effects to draw inferences con-
cerning the operational characteristics of the real system that is represented [Banks 1999].
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They (i) provide a visual and dynamic viewpoint for SoS software architectures, repro-
ducing stimulus the system can receive from a real environment, (ii) enable the prediction
of errors, diagnosing them and permitting corrections, and (iii) support the observation of
expected and unexpected emergent behaviors of an SoS. In fact, simulations are one of
the main groups of evaluation approaches for software architectures, typically relying on
a high level implementation of the software architecture for evaluating their performance
and accuracy [Bosch 2000, Santos et al. 2014]. SoS exhibit a further degree of complex-
ity due to their dynamic nature, i.e., their operation, in particular emergent behaviors, are
not visible in static specifications such as conventional software architecture documenta-
tions that adopts diagrams in UML or SySML. Thus, SoS software architectures demand
an additional view that captures dynamic aspects of SoS operation.

Software architectures are often described through modern Architectural De-
scription Languages (ADL) that offer canonical constructs to properly specify those
architectures. Their formalism levels include informal (usually based on lines, rect-
angles, and figures denoting structures), semi-formal, and formal [Garlan et al. 2010].
Remarkable examples include Darwin (semi-formal) [Foster et al. 2011], Wright (for-
mal) [Allen and Garlan 1997], m-ADL (formal) [Oquendo 2004], UML? (semi-formal)
and SySML? (semi-formal). However, those ADL have not been developed for properly
capturing SoS’ dynamics [Guessi et al. 2015]. Recently, a novel ADL called SosADL
was proposed for describing the architecture of SoS. It provides architectural con-
cepts and notation formally defined in terms of the w-calculus, and also supports the
specification of emergent behaviors [Oquendo 2016]. However, SosADL is not ex-
ecutable yet, and a dynamic approach is still required to support a plain visualiza-
tion of SoS operation. Hence, an approach to support dynamic aspects of SoS soft-
ware architectures descriptions is required since a long time and it is still an issue
[Zave 1993, Sauser et al. 2010, Graciano Neto and Nakagawa 2015].

In this direction, simulations can offer such dynamic approach for visualization
of SoS operation. Nevertheless, simulations often depend on some internal structure that
imitates the surrounding environment of an SoS, delivering the stimulus that are supposed
to be received by the SoS to trigger its operation [INCOSE 2016]. A stimulus generator
is a virtual simulation entity responsible for playing the role of environment, such as
temperature, wind, water level, and noise, or an entity which produces internal events in
the systems, i.e., it imitates the reception of inputs that the constituent system can produce
to itself, such as the collecting of an external data, the level of battery, of its geographic
position. Developing such structure usually relies on (i) an specification of ports, inputs,
outputs, and state diagram formalism in a low level of abstraction, (ii) a distinct stimulus
generator for every different SoS that we produce, and (ii1) a careful investigation on SoS
requirements and architecture specification to elicit which stimulus should be provided,
which can be costly, and error-prone. In fact, the development of stimulus generators for
simulation purposes is not a new trend [Al-Hashimi 1995, Kitchen and Kuehlmann 2007].
Meanwhile, such approaches for automatically creating stimulus generator for simulation
of SoS software architectures have not emerged.

Recent studies have investigated the adoption of simulation in software engineer-

http://www.omg.org/spec/UML/2.5/
3http://www.omg.org/spec/SysML/1.4/
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ing [de Franca and Travassos 2015, de Franca and Travassos 2016], and simulation has
certainly been applied for SoS development [Xia et al. 2013, Graciano Neto et al. 2014,
Bogado et al. 2014]. Regarding simulation of software architectures, Palladio* offers a
solution [Becker et al. 2009]. However, there is no support for simulation of SoS software
architectures. Discrete Event Systems Specification (DEVS) is a well-established formal-
ism for simulating SoS in virtual environments [Zeigler et al. 2012]. However, it does
not preserve the architectural details of SoS software architecture specification and rely
in a low-level of abstraction formalism. Bogado et al. also rely on discrete event formal-
ism for representing software architectures of monolithic software [Bogado et al. 2014],
whilst Alexander et al. also deal with simulation of software architecture and dynamic
aspects, but they do not address software architectures of SoS in a strict way, relying on
the broader discussion of systems architecture perspective [Alexander et al. 2015].

2.1. SosADL and DEVS

In short, SosADL describes SoS, which can be expressed as a combination of architecture
declarations, systems declarations, and mediators declarations®. An architecture declara-
tion has an intrinsic behavior declaration, data types, and gates declarations. Gates are
abstractions that enable the establishment of connections. A connection can be estab-
lished to receive stimulus from or act on the environment, or simply for a communication
between constituents. Furthermore, the connection can be for input, output, or for both.
Data types can have inherent functions, and functions can have expressions associated.
Mediators and systems, as well as the SoS architecture itself, have gates, data types, and
behaviors. Systems play the role of constituents in an Architecture Behavior Declaration,
and Systems are mediated by mediators. SosADL supports emergent behavior representa-
tion by the idea of coalition, a temporary alliance for combined action among constituents
connected by mediators. Those behaviors are specified as part of the coalition behavior,

documenting how constituents should interact to accomplish a given set of missions®.

In turn, DEVS is structured based on atomic and coupled models. Atomic models
represent constituents, and coupled models represent the communications among con-
stituents, materializing the SoS as a whole and constituents’ interoperability. In DEVS,
Atomic models have the following elements: (i) a labeled state diagram, that performs
transitions due to input or output events; (i1) abstract data types definition, (ii1) global
variables definition, (iv) variables initialization, (v) ports definition, and (vi) events def-
inition. An atomic model with only a state diagram specification and ports definition is
already executable. Coupled models are expressed as a System Entity Structure (SES),
1.e., a formal structure governed by a small number of axioms that expresses how atomic
models communicate. A straightforward generation of DEVS code does not guarantee
the simulation be executable. This happens because the SoS operation is deeply related
to the stimulus received from the environment that triggers the accomplishment of a mis-
sion. Thus, it is necessary to elaborate a specific entity in the simulation model that is
responsible for delivering the expected stimulus that drive the operation of the SoS: the
stimulus generator. Next section discusses how to automatically produce such stimulus

*http://www.palladio-simulator.com/

SMediators are architectural elements that establish communication between two or more constituents

®More details about the syntax of architecture descriptions in SosADL and its elements can be found in
[Oquendo 2016].
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generator from SosADL models, properly transforming SosADL in DEVS.

3. A Model-Driven Derivation of a Stimulus Generator for Simulation of SoS
Software Architectures

We present our approach relying on a real example: a Flood Monitoring SoS (FMSoS),
i.e., a SoS composed of smart sensors (i.e., complex sensors that embed software) to
monitor the occurrences of floods in an urban area in the city of Sdo Carlos in Brazil.
Rivers cross the city and, when the rains are intense, floods recurrently occur, causing
losses, damage, and iminent danger for population. The FMS we describe is concerned to
validate a single emergent behavior: flood alert. Such SoS consists of a collaborative SoS,
in which there is not a central authority that orchestrate the constituents’ functionalities to
accomplish missions. Figure 1 gives an illustration of the FMSo0S’. Sensors are spread on
the river’s edges with a regular distance among them, and mediators exist between every
pair of sensors in a pre-established distance between them. The data collected by sensors
are collected and transmitted until reaching the gateway. In case of flood, the gateway
emit an alarm for the public authorities. All of the codes presented henceforth are based
on this example.

View from top |

‘ Legend

=N
——River's flow sense—> . ‘ d Gateway
.l‘ Mediator

@!)) Sensor - Constituent

1 Direction of
C( S Communication

distance

Figure 1. A Flood Monitoring System-of-System (FMSoS).

FMSoS is an SoS, since it exhibits [Maier 1998]:

Operational independence of the constituents, i.e., smart sensors perform their own
missions despite being out of the scope of the SoS;

Managerial independence of constituents, since a diversity of stakeholders and enter-
prises might independently own, deliver, and manage the smart sensors;

Distribution, since they interoperate through a communication network;

Evolution, since the SoS evolves as a consequence of changes in the configuration or
functionality of smart sensors; and

Emergent behavior, since one unique constituent could not deliver a flood alert by itself.
For instance, if only one sensor performs its activities in an urban area, it could not notify
a flood on time, being not effective. Conversely, if it is used outside of the urban area,

Credits for the images used to compose the figure: http://g0o.gl/TTOIlAa, http://g00.gl/QCUAKY,
http://goo.gl/a9YODw.
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trying to previously diagnostic the flood, it would be so far that could not reach a gate-
way to communicate to communicate the danger. Also, it might emit a false alert, since
the flood could be limited to another place. Hence, the flood alert is a result of the in-
teroperability among a diversity of constituents working in cooperation, spread along the
river edge. Furthermore, we deal with a weak emergent behavior, since they can not be
predicted by static models (simple emergent behaviors), and they are reproducible in sim-
ulations (but not in static models), emerging predicted behaviors but still with potential to
non-predicted behaviors that must be handled.

We selected SosADL as the SoS software architecture specification notation, and
DEVS as the simulation formalism. We adopted a DEVS dialect called DEVS Natural
Language (DEVSNL) that enables programming atomic and coupled models in a human-
like format in tools such as MS4MES. A SosADL code is submitted as input for a XTend
script that materializes the Code Generator. A functional code written in DEVSNL is
generated as output, establishing a SoSADL2DEVS transformation. Briefly, considering
a broad view of the transformation, the concepts of System and Mediator in SosADL are
transformed into Atomic Models in DEVS. Behaviors are materialized into labeled state
diagrams in DEVS that configures the constituents operation. Architecture, Coalition, and
SoS become Coupled Models. Connections and gates become Ports, and Data Types and
Functions are mapped in data types and functions in DEVS.

Each statement (line of code) within a SosADL behavior is converted in one or
more state transitions in DEVS. In DEVS, transitions can occur due to (i) a data received,
expressed as ?data, (ii) a data sent, expressed as ! data, and (iii) a spontaneous transi-
tion, without any input or output. This is the approach we used to generate constituents,
mediators, and gateway®. However, the derivation of the stimulus generator is quite differ-
ent. In SosADL, there is a special type of connection called environment, that abstracts
interaction of an SoS with the surrounding environment, emitting outputs to the environ-
ment, or receiving stimulus from it, e.g., when the system is a sensor. Moreover, SosADL
offers a library called Localization, that offers invoking Global Positioning System (GPS)
functionalities.

All of the SosADL aspects must be traduced to DEVSNL to create a functional
simulation. However, there are no straightforward elements in DEVSNL to automati-
cally produce environment stimulus. Thus, it is necessary to create a stimulus generator
that delivers the expected inputs the constituents wait to perform transitions and to start
their behavior execution. SosADL models are analyzed by the transformation algorithm,
searching for environment connections and callings for localization libraries. For con-
vention, constituents are analyzed first, since they are the frontier of a SoS, and state
transitions for the stimulus generator are created to serve their necessities. After that, Me-
diators are investigated. Lastly, Gateways are analyzed. Since usually constituents starts
the SoS operation due to the stimulus they receive from environment, we prioritize the
analyzes of constituents. If there are congruent statements between constituents and me-
diators, i.e., a same type of stimulus that must be received for both, a unique transition is
created in the stimulus generator. Each connection specified as an environment con-

8http://goo.gl/NmBBuu
9We do not discuss this mechanism with details in this paper, since the focus is the representation and
derivation of a stimulus generator. Other details are discussed in a forthcoming paper.
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nection produces one transition in the specification of the state diagram in the resulting
stimulus generator. Hence, the stimulus generator consists of a special type of system
(in the context of the simulation) that has a continuous behavior (a behavior materialized
as a loop) to emit stimulus by output state transitions, starting and keeping the SoS in
operation.

In DEVS, such stimulus generator is also represented as an Atomic Model. Listing
1 shows an excerpt of a code in SosADL that specifies one of the sensors that compose the
FMSoS. Some parts are hidden since they do not influence in the discussion of stimulus
generation derivation. It is possible to see that the gate energy offers two environment
connections (Lines 12 and 13): one to receive a threshold (a limit of energy that is con-
sidered enough to keep the sensor in operation), and power, that is used to receive the
level of battery available. Within the behavior sensing, it is possible to see the sensor
receiving its coordinate and receiving the energy threshold and power level. In turn, List-
ing 2 shows the code in DEVSNL that specifies the stimulus generator produced using
our approach. We changed the names of the states to become them more readable. It il-
lustrates not only the transitions generated from the code of the sensor showed in Listing
1, but also from the codes of mediators and gateway (Lines 5 to 15). In Listing 2, the
stimulus generator has three output ports (Lines 1 to 3) that simulates the collection of
the geographic positions (Ips), power level, and the reception of the water level by the
mediators, sensors, and gateway. Figure 3 depicts a state diagram equivalent to the DEVS
code presented in Listing 2. It delivers the aforementioned data, and comes back to the
state LPSsent, forming a loop that keeps the stimulus continuously running and offering
the stimulus for the operation of the SoS.

4. A Brief Evaluation

We adopted a specification in SosADL of a real Flood Monitoring SoS already in opera-
tion to evaluate our proposal [Horita et al. 2015]. Our aim was evaluating if the simulation
(automatically produced) would run as expected and deliver, as a result, a single emergent
behavior. A brief video demonstrating the generated simulation is available externally'.
It shows the simulation running and the stimulus generator successfully delivering the
outputs necessary to the simulation execution. Indeed, the approach was submitted to do-
main experts. They classify our approach as suitable to generate a stimulus generator that
is reliable and correspondent to the stimulus specified in high-level in the SoS software
architecture specification.

Regarding threats to validity, we can mention the possibility of failures if the SoS
architect forget to qualify the environment connections in SosADL with the keyword
environment. If it occurs, the simulation can fail, since the expected input can be
never received. Indeed, any error regarding the declaration of environment connections
at design-time can affect the final simulation. Moreover, more accurate evaluation with
larger contexts and applications are still required.

5. Final Remarks

This paper presented a model-driven solution to automatically derive a stimulus genera-
tor to be used in a simulation of SoS software architectures. Our proposal contributes

Ohttps://goo.gl/pdGCIC
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Listing 1. A specification of a Sensor in SosADL.

1 //’with’ imports declarations suppressed

2 // Description of Sensor as a System Abstraction

3 1library WsnSensor is {

4 system Sensor( lps:Coordinate ) is {

5 // Declaration of local types hidden

6 gate measurement is {

7 connection pass is in { MeasureData }

8 connection measure is out { MeasureData }

9 }

10

11 gate energy is {

12 environment connection threshold is in { Energy }
13 environment connection power is in { Energy }
14 }

15 gate location is {

16 connection coordinate is out { Coordinate }
17 }

18

19 behavior sensing is {

20 via location::coordinate send sensorcoordinate
21 via energy::threshold receive powerthreshold
22 repeat {

23 via energy::power receive powerlevel

24 if ( powerlevel > powerthreshold ) then {

25 choose {

26 via measurement::sense receive data

27 via measurement::measure send tuple {
28 coordinate = lps, depth = data::convert( ) }
29 } or {

30 via measurement::pass receive data

31 via measurement::measure send data

32 Pl orihy

Listing 2. Code DEVSNL
for a stimulus generator.

1 generates output on lps!
2 generates output on powerLevel!
3 generates output on sense!
4
5 to start hold in sO for time 1!
6 after sO output lps!
7 from sO0 go to LPSsent!
8 hold in LPSsent for time 1!
9 after LPSsent output powerLevel! aterLevel
10 from LPSsent go to powerLevelSent!
11 hold in powerLevelSent for time 1!
12 after powerlLevelSent output sense!
13 from werLevelSen o to
wiieerLei:lSZitt! g Figure 2. A State Diagram equiva-
14 hold in waterLevelSent for time 10! lent to the DEVS code generated for
15 from waterLevelSent go to LPSsent! the stimulus generator of a FMSoS.

by automating the process of generation of that stimulus generator, bringing produc-
tivity, traceability between the models. This solution is a proposal of a joint effort of
two research groups: SofTware ARchitecture Team (START/ICMC-USP) and ArchWare
(IRISA/UBS), and is part of a broader approach to support validation of emergent be-
haviors in software architecture of SoS by the adoption of model driven derivation of
a simulation of SoS. Future works include scaling the solution, testing the confidence

68



of the model-driven transformation, and conducting experimental studies to evaluate our
proposal.
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Abstract. Distributed Software Development (DSD) is widely adopted in the
software industry. Its adoption require highly responsive teams that can support
a product development in an environment that poses several challenges. Coding
Dojo Randori (CDR) is an collaborative software practice for training people
that offers the opportunity for developing new skills. Thus, CDR can be applied
for different contexts that includes DSD. In this paper, we present an initial
discussion about the concept, hereby called Distributed Coding Dojo Randori,
by analyzing untapped research opportunities for the area.

1. Introduction

Distributed Software Development (DSD) is a trend in the software industry. Companies
are looking for benefits such as the reduction of high travel costs, the access of a geograph-
ically skilled staff as well as the possibility to innovate and share best practices inside the
organization [Conchuir et al. 2009]. Despite that, efforts are still need for evaluating the
applicability of coding practices in distributed contexts, specially for those dealing with
agile development [Jalali and Wohlin 2010].

Coding Dojo Randori (CDR) is a collaborative practice that can be applied for
different software development contexts. It is defined as a collaborative practice where
a group of developers train and learn about some technology concept (programming lan-
guage, framework). CDR is particularly known as a technique to train agile concepts as
Test-Driven Development (TDD) [Sato et al. 2008].

CDR have been practiced in the software industry over the years
[Rooksby et al. 2014], but a little is known about this practice in DSD contexts. In
order to better understand the Distributed Coding Dojo Randori (DCDR), we present an
initial discussion about this concept and untapped research opportunities for the area.

2. Coding Dojo

A Coding Dojo is defined as a meeting where a group of programmers gets together to
learn, practice, and share experiences. There are different formats for Coding Dojo. All
of them depends on the rules that participants should follow. The main formats adopted
in the software industry are Kata and Randori.

In the Kata format, exercises are practiced in advance and then performed in front
of the audience during the meetings [Rooksby et al. 2014]. Instead of showing the fi-
nal code and tests, the presenters start from scratch, explaining each step and allow-
ing the other participants to ask questions or make suggestions. The main goal here is
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making everyone to reproduce the steps and solve the same problem after the meeting
[Sato et al. 2008].

The Randori format consists of a group of developers working together to solve
a specific task. One participant acts as the driver, another one as the navigator, and the
remaining participants are the audience that can also participate.The roles of individuals
are changed in rounds. Sato et al. [Sato et al. 2008] recommends that each round should
last from 5 to 7 minutes. At the end of a round, the driver moves to the audience, the
navigator turns into the driver and someone of the audience starts to act as a navigator
[Sato et al. 2008].

Despite Randori format is being widely practiced, in the literature there are few
studies that evaluate this technique. Sato et al. [Sato et al. 2008] presents how is the
different formats with some lessons learned about the organization of a Coding Dojo
session in industry and academy. Da Luz et al.[Da Luz et al. 2013] reports a investigation
about the learning of TDD in Randori sessions. Though the perceptions of participants,
the Randori session helped them to learn TDD.

3. Distributed Coding Dojo Randori

Since 1990 when the first research report in DSD was published [Prikladnicki et al. 2010],
studies have been providing an understanding about DSD challenges. Studies have dis-
cussed the importance of training teams for DSD [Damian et al. 2006]. Thus, CDR as
seem as an opportunity for DSD. For the purposes of this position paper, we define
“Distributed Coding Dojo Randori” as “an collaborative practice based on Coding Dojo
Randori concept applied em Distributed Software Development environments”. Figure 1
shows the research topic emerged from the union of DSD and CDR.

Distributed Software

ietr i in | Coding Dojo Randori
Development (DSD) Distributed Coding Dojo |

Randori (DCDR) (CDOR)

Figure 1. Distributed Coding Dojo Randori research topic.

There are a number of reasons that CDR makes particular sense for DSD. First, for
training distributed software teams, in particular newcomers or new hires, to introduce or
practice on a particular new concept (programming language, technique). Second, CDR
fits to agile software development context, for instance TDD. Finally, DCDR can help in
the knowledge transfer of the project among the distributed teams.

Traditional or agile development in DSD involves team members distributed in
different places, countries or even continents. Any activity within the software develop-
ment life cycle (SDLC) can be executed in DSD. Teams geographically dispersed can
work in testing, coding, designing or any activity. There are many team settings and
examples range from remote sub-teams producing specific modules of a system to teams
where different functional roles such as developer or business analysis are executed at dif-

72



ferent locations [Lane and Agerfalk 2008]. Some examples where CDR could be applied
in DSD are described bellow.

Newcomers in Distributed Teams: DCDR can help new members to get introduced
in the distributed team, mainly due the close collaboration perspective that practice has.
Through the DCDR the sessions would be possible to promote a socialization among the
team as well to support the alignment and intregration among the developers.

Agile Software Development: There is a growing interest to evaluate Agile and
DSD [Jalali and Wohlin 2010]. In this context, DCDR can be applied through the team
especially to train agile techniques such as TDD and Refactoring.

Knowledge Transfer: The different levels of knowledge transfer are challenging
for DSD [da Silva et al. 2010]. DCDR can help the team to get in contact together in the
project, spreading the knowledge among the developers. DCDR can also be used to solve
impediments in the project together, distributing the knowledge between different sites
and developers.

4. Research Opportunities for DCDR

There are many research opportunities for DCDR. Here we categorize these opportunities
in three large research topics that can be spread in specific topics. Next, we present each
of them.

Context of application: CDR can be adopted in academic and industry contexts
[Sato et al. 2008]. Thus, global software education brings an opportunity to evaluate the
adoption of DCDR in courses to understand how the distributed teams work combined
with software tasks to train and learn a specific concept in programming, such as TDD.
There are some aspects that should be investigated such as the presence of a tutor, the
configuration of the courses, and also how the learning can be assessed.

With the skilled professionals distributed, DCDR can help especially in knowl-
edge transfer between the teams. In addition, DCDR can be applied to train teams in
a specific concept, technology, or just to facilitate new distributed team members to get
familiar with the project and technology used. There are challenges in adopting DCDR,
especially the number of teams members, the task complexity and also the level of expe-
rience between the professionals.

Tools to support DCDR: Tools are essential to make DCDR works. There are
opportunities to investigate which existing tools are useful to support the practice properly.
Also, we need to analyze if there are special requirements or features that need to be
develop for them, and how can we develop those.

Tools should support the rules of Randori (driver, navigator, and audience) and
provide screen sharing with text and audio channel. In this context, it is important to
assess if the infrastructure for synchronous code-collaboration with a group of participants
is feasible or not.

DSD settings and aspects: the software development distribution involves several
challenges such as coordination, culture, language, and organization of the company in
terms global development. These aspects need to be investigate in DCDR to identify how
they can impact in the dynamic of the practice.
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There is an opportunity to analyze if the rules in the Randori format should be
modified or not, for instance the participation of the audience during the session. Also,
the coordination of the session through the presence of a organizer and how can we can
support it.

5. Final Remarks

In this paper we promote an initial discussion towards the research opportunities in
DCDR. We summarize the relevant information about the topic and untapped research
opportunities for the area. As next steps, we plan to run empirical studies to contextualize
DCDR and analyzed its benefits and limitations of the practice. We are also planning
to further identify the main variables that can influence the teams training in distribute
settings.
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Resumo. A diversidade de abordagens para construir sistemas alavancou
plataformas globalizadas, de larga escala e de longo prazo. Tais plataformas
tém sido vistas como nicleos de ecossistemas e envolvem aspectos técnicos,
economicos e sociais em sua construgdo e evolug¢do. Dado que ecossistemas
sdo formados por uma comunidade de orquestradores e colaboradores, lidar
com transparéncia é um fator critico. Este artigo apresenta uma discussdo
preliminar sobre a importancia de se pensar a transparéncia em ecossistemas
de software e identifica desafios e oportunidades para a sua implementagao.

Abstract. The diversity of approaches to build software systems led to the
emergence of globalized, large-scale, and long-term platforms. Such platforms
have been seen as ecosystems cores and involve technical, economic and
social aspects in their development and evolution. Since the ecosystems are
formed by a community of orchestrators and niche players, the need to handle
transparency is a critical factor. This paper presents an initial discussion on
the importance of thinking about the transparency in software ecosystems and
identifies challenges and opportunities for its implementation.

1. Introducao

Conforme discutido por Cataldo e Herbsleb (2010), modelos de desenvolvimento de
software tém lidado com o surgimento de plataformas globalizadas, de larga escala e de
longo prazo. Os desafios desse cendrio ndo mais se limitam a construgdo e evolugdo de
um projeto ou produto Unico. Santos et al. (2014) afirmam que, ao reunir diversos
projetos e produtos em torno de uma tecnologia de software central, essas plataformas
originam sistemas mais complexos, que integram uma rede de diversos atores e
artefatos, internos e externos, denominados Ecossistemas de Software (ECOS). Nesse
contexto, organizagdes produtoras de software (orquestradoras) tém sofrido pressdo do
mercado para abrir plataformas e envolver desenvolvedores externos (colaboradores).
Portanto, o elemento “software” passa a nao existir mais de maneira “fechada”, ficando

distribuido e mantido pelas comunidades criadas ao seu redor (Manikas, 2016).
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Baseado nos resultados de Barbosa et al. (2013), observa-se que tal abertura
produz algumas indagagdes: “entre plataformas livres ou proprietarias, qual gera maior
sucesso?”, “qual estratégia recebe maior atencdo da comunidade de desenvolvedores?” e
“qual delas produz aplicagcdes mais inovadoras?”. Nesse contexto, a necessidade de lidar
com transparéncia ¢ um fator critico para um desenvolvimento de software de qualidade
(Leite e Cappelli, 2010). Um problema esta em como produzir/adquirir software e gerir
negocios a partir de informacdes “consumidas” via ECOS, de forma transparente. Este
artigo apresenta uma discussdo preliminar sobre a importancia de se pensar a
transparéncia em ECOS e identifica desafios e oportunidades para a sua implementacao.
Para isso, a Se¢do 2 discorre sobre transparéncia; a Se¢do 3 introduz este conceito no
contexto de ECOS; a Secdo 4 traz uma agenda de pesquisa; € a Secao 5 conclui o artigo.

2. Transparéncia

Transparéncia tem sido uma preocupacao critica para a sociedade moderna (Holzner e
Holzner, 2006). A importancia da abertura de informagdes sobre o funcionamento de
sistemas se deve a necessidade de atores capazes de entender e acessar as informacgdes
disponiveis. Lord (2006) estabelece transparéncia como condi¢do para que informagdes
relativas a prioridades, capacidades e comportamentos estejam amplamente disponiveis.
No Brasil, por meio da Lei de Acesso a Informacdo n° 12.527 (Brasil, 2011), foram
estabelecidos Véarios elementos para garantir o acesso da sociedade a informaces
publicas. Observando essa e outras necessidades, Cappelli (2009) definiu transparéncia
como um conjunto de caracteristicas que permite fornecer aos interessados informagdes
gerais sobre acessibilidade, usabilidade, informativo, entendimento e auditabilidade. A
Figura 1 apresenta essas caracteristicas reunidas para criar o conceito de transparéncia.
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Figura 1. Grafo de interdependéncia de metas flexiveis em transparéncia (Cappelli, 2009)

Todavia, a geracdo de informacdo nas organizacdes e processos organizacionais
sdo, em sua grande parte, realizados pelo uso de software, tornando-se necessaria a
extensdo do conceito de transparéncia ao software e aos processos de desenvolvimento
deste. Os padrbes de desenvolvimento atuais tém buscado promover a disponibilizacdo
das informacdes em formatos abertos e acessiveis, a fim de possibilitar a reutilizacédo e a
interligacdo com informacdes de outras fontes, gerando novos significados. Isso tem
sido possivel com o uso do conceito de Dados Governamentais Abertos (Germano e
Takaoka, 2012), que tem rela(;éo com a transparéncia (Cruz et al., 2016). No entanto,
conforme a Figura 1, isso é insuficiente, face as varias caracteristicas que contribuem
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para a transparéncia. Quanto mais contribuicdes (help) receber a meta-flexivel
transparéncia, maior sera o seu grau de satisfatibilidade (Leite ¢ Cappelli, 2010).

3. Transparéncia em Ecossistemas de Software

Analisar um ECOS ¢ mais complicado do que simplesmente separar parte técnica e nao
técnica de um sistema (Cukierman et al., 2007), pois o ecossistema pode ter diferentes
usos ou aplicagdes. Veja o caso, por exemplo, de uma biblioteca universitaria que
demanda um sistema para gestdo do acervo, com integracdo com outras universidades,
com o portal de periddicos da Capes, com grupos de pesquisa, e atendendo a diferentes
tipos de usuarios. Esse sistema se caracteriza por envolver diferentes softwares de
terceiros, além de uma gama de diferentes atores. Portanto, ¢ adequado trata-lo com a
otica de ECOS, de forma a melhor compreender como os varios softwares colaboram.
Tal sistema lidard com vérios tipos de estimulos, notadamente controlados por humanos,
que desenvolverdo, operardo e/ou serao usuarios das facilidades de uma biblioteca e,
com isso, contardo com uma infraestrutura de hardware e software selecionada para tal.
Se compararmos os diversos tipos de atores, veremos que existem diferencas em seus
interesses frente ao ECOS. Por exemplo, existem interesses: a) relativos ao portal da
Capes, b) de como se dard a comunicacdo com outras universidades ou grupos de
pesquisa, c¢) de usudrios da biblioteca dessa universidade, e d) de uso/cessdo de
softwares de terceiros. O fato de haver diferencas entre interesses requer a existéncia de
uma politica de transparéncia no ECOS.

Nesse sentido, a auséncia da devida transparéncia do que cada interessado tem
como politica de convivéncia, isto €, como esta disposto a interagir/comunicar-se, seria
um grande obstaculo para a construcdo desse sistema. Portanto, ¢ importante que todos
que ali convivem saibam sobre os demais interesses, permitindo negocia¢ao e consenso
entre os participantes. Isso envolve gerir requisitos desejados e objetivos estabelecidos
para o sistema (Fotrousi et al., 2014). A defini¢ao do ecossistema ¢, portanto, fun¢do da
percepcao desses atores, sejam eles orquestradores (hubs) ou colaboradores (niche
players), podendo ter matizes diferentes. Pode-se pensar em ecossistemas centrados na
infraestrutura como, por exemplo, em uma plataforma mdével, ou no caso de aplicagdes
transacionais, no qual o foco estd em uma tecnologia, como o sistema gerenciador de
banco de dados. Pode-se ainda centrar o ecossistema no ambiente externo, no qual o
foco sdo os atores que operam e aqueles que usam os servi¢cos como, por exemplo, sites
de redes sociais e ecossistemas de startups. Supde-se que um maior conhecimento
compartilhado aumenta o nivel de satisfacdo do ECOS (Manikas, 2016).

O compartilhamento de elementos em um ECOS deve ser tratado considerando o
conceito de transparéncia. Leite e Cappelli (2010) definem o escopo de transparéncia em
trés niveis: a transparéncia organizacional, a transparéncia direcionada e a transparéncia
social, cada qual com um foco especifico: a primeira foca os interessados, a segunda os
consumidores ¢ a terceira os cidaddaos. Quanto maior a transparéncia, maior a qualidade
de compartilhamento (Holzner e Holzner, 2006). Para tal, os principais interessados em
um ECOS devem definir o escopo do seu interesse e o nivel de transparéncia que deseja
ver presente no ECOS (tipos de caracteristicas). Utilizar os conceitos de transparéncia
no enfoque de ECOS implica em aplicar as caracteristicas da Figura 1 aos produtos e
processos tratados no ecossistema. Essa aplicagdo vai requerer processos de negociacao
entre os atores ¢ a implementagdo de operacionalizagdes adequadas a “satisfagdo a
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contento”' das referidas qualidades/caracteristicas visiveis na Figura 1. Uma vez isso
aceito como premissa, resta saber como responder a questdes tais como: a) a quem se
destina a transparéncia, ou seja, quais atores terdo acesso ao compartilhamento de
informacdes?, b) o que significa maior ou menor transparéncia? € c) que praticas
deveriam ser implementadas para que um conjunto de atores seja transparente?

4. Agenda de Pesquisa para Transparéncia em Ecossistemas de Software

A partir da discussdo promovida, esta secdo propde uma agenda de pesquisa inicial para
explorar transparéncia em ECOS. Utilizou-se a categorizag@o dos seis desafios de ECOS
definida por Barbosa et al. (2013), relacionando-os com os conceitos da Figura 1.
Muitos desses desafios sdo do desenvolvimento de software, mas afloram em ECOS
devido a complexidade e a diversidade de interesses entre participantes neste universo.

r

Ecossistemas Abertos: ¢ importante explorar como a caracteristica informativo pode
apoiar os ECOS abertos a manterem e expandirem o compartilhamento de informagdes
acerca de recursos, artefatos e informacdes, bem como desenvolver métodos, técnicas e
ferramentas para tratar isso em repositorios de software.

Governanga: as caracteristicas entendimento e auditabilidade podem ajudar na
concepgdo e selecdo de estratégias para assegurar a sustentabilidade da plataforma do
ECOS, trazendo o desafio de como gerenciar e monitorar dependéncias de fornecedores,
de tecnologias e de objetivos de negocio do ECOS, de forma mais transparente.

Anadlise: torna-se critico operacionalizar as caracteristicas acessibilidade, usabilidade e
entendimento, uma vez que modelos, visualizagdes e grandes volumes de dados sdo
usados para instrumentalizar o ECOS com o conhecimento necessario para tomada de
decisdes sobre parcerias ou admissao de membros.

Abertura: a partir da esséncia de um ECOS, o desafio de lidar com as caracteristicas
acessibilidade e auditabilidade surge como algo critico, de modo que elementos que
interferem ou afetam o sucesso da plataforma precisam ser melhor investigados, bem
como permissdes e niveis de acesso dos varios atores as informagdes compartilhadas.

Qualidade: a transparéncia ¢ um requisito ndo funcional (qualitativo) de sistemas de
software e, como tal, ndo ¢ especifica de ECOS, embora a forma como ela ¢ tratada traz
a tona a necessidade de explorar como a experiéncia de desenvolvedores e usuarios afeta
a qualidade geral do ECOS. Assim, as diversas caracteristicas da Figura 1 contribuem
para essa qualidade geral; e.g., um estudo mapeando o modelo de qualidade MPS ¢ a
transparéncia de software aponta para algumas similaridades (Sousa et. al. 2015).

Arquitetura de Software: para apoiar o escopo ¢ o nivel de transparéncia acordados em
um ECOS, ¢ preciso uma arquitetura que atenda a essas necessidades e operacionalize
as varias caracteristicas. Portanto, diferentes operacionalizagdes para a Figura 1 devem
ser levadas em consideracdo na arquitetura, e.g.: ser aberta, atender a padroes, tratar
protocolos estabelecidos, ser facil de aprender, ser usavel, ser consistente ¢ ser evoluida.

5. Consideracoes Finais

Este artigo apresentou uma discussdo preliminar sobre transparéncia em ECOS e
identificou desafios e oportunidades para a sua implementagdo. E preciso ter em mente

! Traducgo do termo “satisfice” cunhado por Herbert Alexander Simon.
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que a transparéncia da informagao afeta o contexto de ECOS, uma vez que € necessario,
por exemplo, assegurar transparéncia nos processos de negdcio, no desenvolvimento dos
sistemas ou mesmo nas informagdes disponibilizadas para agentes externos ao ECOS.
Por meio deste estudo, pode-se perceber que, entre as caracteristicas criticas da
transparéncia para ECOS, informativo e auditabilidade referem-se respectivamente a
gestdo do conhecimento/aprendizagem no ECOS e ao gerenciamento/monitoramento da
plataforma ao longo do tempo. Nesse sentido, considerando a ampla literatura de
qualidade de software e a necessidade de tratar transparéncia em ECOS, adaptacdes de
modelos e estratégias existentes para esse contexto pode ser um caminho. Além disso, a
caréncia de pesquisas sobre transparéncia em ECOS abre oportunidades para trabalhos
que analisem os desafios listados de maneira mais aprofundada.
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Abstract. The large-scale collaboration in Model Driven Engineering
(MDE) demands the use of one or more repositories such as GEMOC,
ReMoDD and SEMAT, which share artifacts (e.g., models, meta-models,
transformations, etc) for global reuse scenarios. While recent researches
motivated the need of data for decision making from the perspective of
Software Ecosystems (SECOs), the cutting edge technologies on this topic
merely classify these artifacts. Likewise, it is important the definition of
criteria to represent this qualified data with enough semantic potential to
support reuse of MDE Artifacts globally, which is missed in the literature
of the area. This paper proposes some criteria, thus a small contribution
to help on the establishment of a future SECO for MDE.

1. Introduction

Model Driven Engineering (MDE) is an approach that considers models as first class
citizen in software development [Whittle et al. 2015]. Typical artifacts in MDE
(termed as MDE Artifacts) often include models, metamodels, model transfor-
mations, model managers, and domain-specific models. MDE as Service (MDEaaS)
is a novel approach for MDE that seeks to provide access to MDE through ser-
vices [Basso et al. 2015]. Such artifacts are supposed to be stored and discovered
from repositories or Knowledge Bases (KB) to be downloaded and integrated into
software projects, as illustrates Figure 1.

In Phase 1, this approach can foster reuse of artifacts previously produced
through repositories, reducing cost and time-to-market to integrate them in ap-
propriate representations in Phase 3 [Mussbacher et al. 2014]. Repositories, to be
effective, need a sort of semantic information (so-called qualified data) associated
with such artifacts. These data shall describe applicability, guide the reuse of arti-
facts and allow the comparison between different features from artifacts in Phase 2,
thus requiring well structured and qualified data. However, the literature does not
properly offer solutions for this phase.

In a previous work, we claimed that the execution of software engineer-
ing services for reuse of MDE Artifacts in global scale can benefit from a per-
spective of Software Ecosystem (SECO) [Basso et al. 2015], whose represented
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Figure 1. A scenario for qualified descriptive data of MDE Artifacts.

assets are often analyzed under a three-dimension perspective (technical, busi-
ness, and social) [Santos and Werner 2012]. Likewise, a first step towards the
advent of a SECO for MDE is to meet reuse opportunities from repositories
such as SEMAT [Jacobson et al. 2012, GEMOC [Combemale et al. 2014] and Re-
MoDD [France et al. 2007]. This requires the representation of assets with qualified
data that describes and supports a three-dimension perspective of MDE Artifacts.
However, assets are currently specified following an ad-hoc strategy, which hampers
the execution of the second phase of Figure 1. Thus, our contribution is a set of
criteria for representation of descriptive data for these assets.

This work is organized as follows: Section 2 provides background in reposito-
ries for MDE Artifacts; Section 3 proposes a criteria for representation of descriptive
information associated with MDE Artifacts; Section 4 presents some insights for fu-
ture works and Section 5 summarizes our conclusions.

2. Repositories for MDE Artifacts

MDE is often adopted to engineer domain-specific solutions. As such, many artifacts
produced to comply with a subset of requirements in one project could be adopted
again to develop other product which integrate the portfolio of a company. However,
few is discussed about the quality of descriptive information to be associated with
the shared artifacts, which is critical for decision making for one asset or other to be
introduced in specific contexts [Whittle et al. 2015]. Figure 1 illustrates how this
could be achieved considering the current availability of repositories in a possible im-
plementation of a MDEaaS approach. Hence, artifacts could be searched, analyzed
and integrated in new MDE projects.

Currently, existing work proposes the adoption of a unique underlying infras-
tructure (a unique KB) that fosters reuse of MDE Artifacts in Phase 1. Much
of the effort in repositories is dedicated to tool support, focusing in classifica-
tion [Lucio et al. 2014]. REMODD is a repository for MDE that can be used
to tackle the problem of reusing and sharing MDE Artifacts [France et al. 2007].
An initiative to accomplish a KB named SEMAT focuses on reusable meth-
ods [Jacobson et al. 2012]. SEMAT adopts Essence as a core representation lan-
guage, which is useful to represent methods but limited to represent data from
MDE technicalities. GEMOC [Combemale et al. 2014] is another proposal in this
direction.

Instead this simplest approach, the execution of MDEaaS could consider
the reuse of artifacts distributed in these several repositories. This needs a common
representation language and the uniformity of information [Basso et al. 2015]. How-
ever, although some representation languages are available for representation of data
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Figure 2. Information represented in a reusable asset conforms to RAS.

independently from repository providers [Basso et al. 2016], there is no criteria for
representation of MDE assets. Besides, there is no requirements for data in support
for SECO perspectives in MDEaaS. This limitation is tackled in this paper.

3. Criteria for Qualified Descriptive Data

Figure 2 exemplifies data associated with two MDE Artifacts in an asset. It is based
on the Reusable Asset Specification (RAS) [Basso et al. 2016], a standard from the
Object Management Group (OMG) for externalize data associated with artifacts
from reuse repositories, i.e., making an asset independent from a repository vendor
(e.g., My Repository or GEMOC KB). An asset conforms to RAS allow the use of
some structures for descriptive data: 1) Classification, allowing the automatic cata-
loging in repositories; 2) Solution, allowing the detailing of data from artifacts such
as type, variability points and semantics; and 3) Usage, allowing the representation
of instructions for reuse after acquisition/download.

Motivation: Instead of the imposition of use of a unique KB, we found
relevant the use of them all through a common representation. Likewise, we need
to reach criteria for representation of information for assets independently from a
repository [Basso et al. 2015]. Although RAS plays a similar role as layers in a
network protocol that are processed in levels of abstraction, it is also important use
criteria for representation of data associated with MDE Artifacts. Thus, we present
criteria for data used in Phase 2 considering technical, business, and social needs.

Criteria formulation: It was conducted an analytical study of representa-
tiveness of two asset specification languages [Basso et al. 2016]. We also looked in
the literature based in a structured keyword search for recommendations to descrip-
tive data, but we missed focused papers that could be used. Then, we conducted a
multivocal literature review [Ogawa and Malen 1991], which is mainly characterized
by the inclusion of material not available in search engines. The following source of
information is investigated in a multivocal research protocol: a) searched in books
about design patterns and empirical software engineering; b) searched in papers on
management of model-based operations; and c) looked for calls for contributions
(tool demo) from conferences related with the MDE (MODELS, ECMFA, SPLC,
GPCE, SLE, etc.) and in more general conferences (ASE, ICSE, OOPSLA).

Criteria for the descriptive-level of MDE Artifacts:

e Information about the context. It is important to represent informa-
tion that answer some questions recommended in book for design patterns
[Gamma et al. 1995]: a) What is the solution? b) How to use it? ¢) Who can
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use it? d) Known uses? e) Which are the known incompatibilities? f) Which is
the software license and its dependencies? g) Examples, etc.

Information about the application. Questions recommended by empirical
engineering [Whittle et al. 2015, Mussbacher et al. 2014] are important to estab-
lish comparisons between competitor MDE Artifacts such as: a) Which are the
minimum requirements to use an MDE Artifact including teams configuration,
members skills (social and technical) which the artifact have been used success-
fully, the required knowledge from end-users about domain specific languages, with
which software process and so on? b) Which are the pre and post-conditions to use
it? ¢) Which are the evidences that support the solution and in which boundary
conditions? d) Which is the learning curve and the Return on Investment (ROI)?
and e) Feedback from users.

Quality for the descriptive information. The following questions should be
considered when representing descriptive data from MDE Artifacts: a) Is the infor-
mation for catalog based in standard taxonomy for searching technical solutions?
b) Is this standard taxonomy represented in a KB as data dictionary, thus describ-
ing what means the contexts used in catalog information? c) Is clear the instructive
information such as how to integrate and use artifacts in contexts?

Criteria for descriptive and technical-level data:

Structure for the descriptive information. The following information should
be structured to enable analysis of MDE Artifacts: a) Abstractions for types of
artifacts produced and consumed in software processes phases by a tool in the
context of MDE; b) Abstractions that makes clear when an MDE Artifact needs
adaptation before introduction in a target context; ¢) Textual information for
decision making (business, technical and social perspectives), which could be based
on structures for design patterns, so one can decide the option that best meet a
specific need in a software development context.

Link to technical information. Descriptive information itself is useless, which
means that technical information should also be considered such as semantics to: a)
The target platform associated with transformations for model-to-text/model-to-
code/code-to-model; b) The type of the model transformation [Licio et al. 2014];
c) The meta-models and the meta-model framework [Combemale et al. 2014],
as well as the design languages associated with each model transformation,
such as UML Profiles, or Graphical DSL, or Textual DSL; e) Model trans-
formation components, bindings and parameter matching; and f) Variability
points [Basso et al. 2016].

4. Ongoing and Future Works

Figure 2 shows the structures for representation data for MDE Artifacts, which is
interesting as a common language, but limited when applying the proposed criteria.
In order to enable the implementation of the scenario illustrated in Figure 1, future
works shall further investigate the following aspects: a) New abstractions for a
Classification structure, which allows the storage and search of MDE Artifacts in
a KB with data about context and application (Phase 1); b) Structures for design
patterns, used for representation of data to support decision making (Phase 2); and
c) Abstractions for technicalities in settings, represented as instances of Artifact
for MDE specificity (e.g., chains of components) connected with a structure called

Usage (Phase 3).
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5. Final Remarks

This paper address a set of criteria with requirements for representation of descrip-
tive data of MDE Artifacts. These artifacts are currently available in repositories for
MDE allowing (i) support their use through services, (ii) facilitate their discovery
and understanding of such artifacts, and (iii) foster their systematic reuse. To be
effective, it is necessary to represent qualified descriptive data, which add semantic
to such artifacts, thus promoting their adoption in new MDE software development
projects. So far, it is not clear what must be represented in this level of abstrac-
tion considering a SECO perspective. Thus, through presented criteria and work
done, this perspective can now be introduced in MDE as Service based in a common
format for representation of assets and in recommendations for descriptive data.
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Abstract. A software ecosystem (ECOS) refers to a set of software with a cer-
tain degree of symbiotic relationship. Virtual Learning Environments (VLE) in-
tegrate technology of information and communication, aiming to create envi-
ronments based on the Internet to enable the process of building knowledge and
autonomy from their interactors. The aim of this work is to allow an overview
of the ECOS SOLAR and some research challenges.

Resumo. Um Ecossistema de Software (ECOS) refere-se a um conjunto de pro-
dutos de software com determinado grau de relacionamento simbidtico. Am-
bientes Virtuais de Aprendizagem (AVA) integram TICs, visando a cria¢do de
ambientes na Internet que possibilitem o processo de construcdo de conheci-
mento e autonomia por parte de seus interagentes. O objetivo deste trabalho é
apresentar uma visdo geral do ECOS SOLAR e alguns desafios de pesquisa.

1. Introducao

Um ECOS consiste em um conjunto de atores agindo como uma unidade que interage
com um mercado distribuido entre software e servicos, juntamente com as relacdes entre
estas entidades [Jansen et al. 2009]. Tais relacdes sdo frequentemente apoiadas por uma
plataforma tecnoldgica ou por um mercado comum e realizadas pela troca de informacao,
recursos e artefatos. O SOLAR (Sistema Online de Aprendizagem) [Solar 2016] € um
Ambiente Virtual de Aprendizagem (AVA), desenvolvido pelo Instituto Universidade Vir-
tual (IUVI), da Universidade Federal do Ceard (UFC). E uma aplicacdo web de trés ca-
madas, cujo modelo de participacdo € orientado ao professor e ao aluno, possibilitando
a publicacdo de cursos e interacdo com os mesmos. O objetivo principal deste traba-
lho € apresentar o ecossistema de software do AVA SOLAR. Como objetivo secundério,
pretende-se apresentar alguns desafios de pesquisa relacionados ao ECOS SOLAR.

2. ECOS SOLAR

O ECOS SOLAR € composto por um conjunto de elementos que se comunicam de di-
versas formas. Esses elementos envolvem diferentes institui¢des com relacionamentos,
produzindo ou recebendo informagdes, suportados por diferentes tecnologias.

O ECOS SOLAR ¢ composto por: produtos do AVA SOLAR (versdes web, mobile
e MOOC - Massive Open Online Course), fornecedores (diferentes sistemas de controle
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académico da universidade), concorrentes (diferentes AVAs, como o MOODLE), clien-
tes e parceiros (UFC, Universidade Aberta do Brasil - UAB, IUVI, cursos de graduacao,
orgaos estaduais e sistemas gerenciais), setor de desenvolvimento (administracao de da-
dos, geréncia de projetos, designers, desenvolvimento e producdo didatica), pesquisa e
inovacao (Text-To-Speech e laboratdrios virtuais), sociedade (interiorizacdo e inclusao di-
gital) e oportunidades de pesquisa (acesso a base de dados, aplicacdo de pesquisas, comité
de pesquisa e ética).

3. Oportunidades de Pesquisa

Diversos desafios estdo presentes no ECOS SOLAR, além de sua prépria modelagem. E
importante buscar o gerenciamento de qualidade entre todos os componentes que estao
envolvidos no ecossistema. Para o ECOS SOLAR, por mais que os processos sejam
desenvolvidos de forma independente, é necessario que o gerenciamento garanta a qua-
lidade nos produtos de software que estao sendo desenvolvidos, trazendo para os desen-
volvedores a aplicacdo de boas praticas durante o desenvolvimento, garantindo que o
produto final seja consistente e consiga se integrar com os outros elementos do ECOS.
A prépria evolugao dos produtos derivados do SOLAR deve ser tratada com cuidado,
exigindo grande esforco de concepcao, manutencdo e evolucao.

Outra forma de explorar melhor os elementos do ECOS SOLAR ¢ entender o
ponto de vista dos diversos individuos que o utilizam. Com isso, pretende-se buscar a
melhor forma de agregar as perspectivas e conhecimentos de cada usuério, com o intuito
de aprimorar o ECOS para suprir as necessidades dos usudrios e clientes, possibilitando
requisitos funcionais e ndo funcionais adequados e vidveis para seu desenvolvimento.

4. Conclusao

O AVA SOLAR atinge uma grande variedade de perfis (clientes, desenvolvedores, alu-
nos, institui¢des, fornecedores), estando disponivel atualmente em versdes web e para
dispositivos moveis. Este trabalho apresentou de maneira preliminar o ECOS SOLAR,
descrevendo de maneira geral seus diversos componentes e institui¢des.

De maneira geral, os principais desafios de pesquisa do ECOS SOLAR sio: (i)
prover uma arquitetura de referéncia que suporte a reutilizacdo de componentes de soft-
ware; (i1) manutencdo e evolucido dos diversos produtos derivados do SOLAR e seus
respectivos componentes de software, de maneira a serem orientados a reuso; e (iii) iden-
tificar e documentar os interesses dos parceiros e incopora-los a plataforma tecnoldgica,
com foco em inovagdo. Outra grande oportunidade de pesquisa € como evoluir as versoes
do SOLAR, adicionando novos componentes originados de pesquisa € inovagao € como
disponibilizd-los para os usudrios de versoes diferentes, alinhados a boas praticas de En-
genharia de Software.
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Abstract. The applications’ production process also has a strong dependence
on the human factor. Studies fall under the existence of factors that can affect
the productivity of MSECOs’ developers. This paper presents a preliminary
study where factors can be identified that may impact on the developer
experience in a MSECO.
Resumo. O processo de produgdo de aplicagoes ainda possui forte
dependéncia do fator humano. Estudos relevam a existéncia de fatores que
podem afetar a produtividade de desenvolvedores.O presente artigo apresenta
uma proposta para identificagdo de fatores que podem impactar na
experiéncia do desenvolvedor em MSECO:s.
1. Introducao
A popularizagdo dos dispositivos moveis tem alterado a forma como as aplicagdes
maveis (apps) tém sido produzidas [Coutinho et al., 2015]. As organizagdes (e.g. Apple,
Google e Microsoft) passaram a enfrentar diversos problemas no desenvolvimento,
relacionados com o desempenho do desenvolvedor. Por essa razdo, as organizagoes
criaram novas estruturas e modelos de negdcio para suportar as contribui¢cGes para 0s
seus ecossistemas, como: criagdo de portais de apoio [Lim e Bentley, 2012].

Por essa razdo, torna-se importante identificar caracteristicas e fatores que
podem interferir na Experiéncia do Desenvolvedor (DX), pois tais fatores podem
auxiliar na melhoria do desempenho do desenvolvedor [Fontdo et al., 2015]. Nesse
contexto, o presente trabalho tem como foco a caracterizacdo inicial de fatores que
influenciam na DX.

2. Caracterizando Fatores que Influenciam na DX em MSECO

A Experiéncia do Desenvolvedor (DX, do inglés Developer Experience) esta ligada a
qualquer tipo de envolvimento do desenvolvedor, recorrente a qualquer um que esteja
comprometido a atividade de desenvolvimento de software [Fagerholm; Munch et al.,
2012]. Enquanto a meta do desenvolvedor é criar software, a DX considera aspectos
relacionados ao sentimento, o valor e o efeito sobre artefato produzido. Varios estudos
tem focado em DX na literatura [Trendowicz ¢ Munch, 2009], [Paiva et al. 2010] e
[Ribeiro et al., 2015].

Um estudo experimental inicial foi realizado sob o ponto de vista dos
desenvolvedores, comparando dois MSECOs: o Android e o Windows Phone. Para
avaliacdo dos fatores identificados conforme a literatura foi aplicado questionario a
vinte desenvolvedores, 10 desenvolvedores Android e 10 Windows Phone. Como
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resultado foi identificado que para os vinte e dois fatores avaliados entre os dois
MSECOs selecionados, ndo ha diferenca na percepg¢do dos desenvolvedores de acordo a
avalicdo dos mesmos. Os fatores e a porcentagem de influéncia séo apresentados nas
Figuras 1 e 2. Conforme os resultados da avaliacdo da pequena amostra utilizada neste
estudo ha indicios que tais fatores podem influenciar no desempenho dos
desenvolvedores seja de forma positiva ou negativa. Assim, espera-se com estes
resultados incentivar a realizacdo de novas pesquisas e avaliacdes de fatores que podem
influenciar na DX.
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Figura 1. Fatores e Porcentagem de Influéncia.
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Abstract. This paper shows a roadmap for the roles actors classification in
ECOS based on their relationships to assist in understanding existing
relations in the ECOS.

Resumo. Neste artigo é apresentado um roteiro para a classifica¢do dos
papéis dos atores em ECOS baseado nos seus relacionamentos, com o intuito
de auxiliar a compreensdo das relagoes existentes no ECOS.

1. Introducao

Um ECOS consiste basicamente de elementos como um centralizador, uma plataforma
que pode ser uma tecnologia ou o mercado e os agentes do nicho relacionado (Pereira et
al., 2013). A intensidade da interacdo entre atores e artefatos no ECOS pode levar a
fusdo das redes sociais e das redes técnicas, resultando em uma rede socio-técnica, que
abrange elementos e associagdes de ambas as redes (Lima, Barbosa, Pereira, & Werner,
2014).

Este artigo apresenta um roteiro para a classificagdo dos papéis dos atores
existentes em ECOS do contexto publico baseado nos relacionamentos e interagdes. O
objetivo do roteiro ¢ possibilitar uma visdo geral dos papéis dos atores que estdo
relacionados com a saude do ECOS, potencializando a compreensdo das relagdes
envolvidas no ECOS.

2. Metodologia

Foi realizado um estudo de caso que, segundo Yin (Yin, 2014), ¢ um estudo
empirico que investiga um fendmeno atual dentro do seu contexto de realidade, quando
as fronteiras entre o fenomeno e o contexto nao sao claramente definidas e no qual sao
utilizadas vérias fontes de evidéncia. Assim, foi selecionado o ECOS Projudi do
Tribunal de Justica do Parana. Para a coleta dos dados foi utilizado entrevistas,
realizadas no ano de 2016, com funcionarios da area de TI, como analistas de sistemas
que possuem contato com o software keystone selecionado para o estudo. Em relagdo as
interagdes o Projudi possui vérias interagdes, visando fins especificos, entre o sistema e
os perfis de atores envolvidos. Além disso, alguns sistemas sdo interligados ao sistema
Projudi no Tribunal de Justi¢a do Parand — TJPR (Silva, Ferreira, & Genvigir, 2015).

Como pergunta objeto tem-se “como realizar a classificacdo dos papéis dos
atores de um ECOS no contexto publico? . Para responder esta pergunta foi elaborado
um roteiro para auxiliar classificar os papéis dos atores envolvidos no ECOS.
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2. Resultados

Na Figura 1 ¢ apresentado o roteiro que pode ser utilizado para auxiliar na classificagao
dos papéis dos atores que estdo envolvidos no ECOS do contexto publico baseados nos
seus relacionamentos.

Coleta de Dados Relacionamentos e Interagdes Papeis dos Atores

Realizar Correlagéo do
tipo da papel do Ator

Figura 1 - Roteiro para a classificacio dos atores de ECOS no contexto publico

Ao analisar os relacionamentos existentes no ECOs Projudi, observa-se que este
pode ser classificado em 2 principais papéis dos atores envolvidos: Niche Player —
Customer e Niche Player — Developer — Influencer. Dado o seu contexto publico os
relacionamentos e interacdes presentes com outros atores do ECOS sao influenciados
pelo nicho de negdcio no qual estd inserido, no entanto sao determinados por leis,
hierarquias e politicas publicas.

O roteiro apresentado pode ser utilizado como referéncia para classificar os
papéis dos atores envolvidos no ECOS, baseado nos seus relacionamentos. Assim, esta

pesquisa ajuda na compreensdo teorica da influéncia dos papéis dos atores em um
ECOS no contexto publico.
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Abstract. In a Mobile Software Ecosystem (MSECO), manufacturers provide a
platform for developers to create mobile applications. A variety of factors may
influence the success and performance of an application. In this context, this
paper proposes a set of features identified through literature, reports and

technical documentation. This characterization enables the creation of a
MSECOs simulation.

Resumo. Em um Ecossistema de Software Movel (MSECO), fabricantes
disponibilizam uma plataforma para desenvolvedores criarem aplicagcoes
moveis. Uma diversidade de fatores pode influenciar no sucesso e desempenho
de uma aplicacdo. Nesse contexto, este trabalho propdoe um conjunto de
caracteristicas identificadas através da literatura técnica, relatorios e
documentagdo técnica. Essa caracteriza¢do possibilita a criagdo de um
ambiente de simulagdo interativo para MSECO.

1. Introducao

A presenga constante dos celulares no cotidiano das pessoas trouxe um aumento
significativo na demanda por Aplicagdes Moveis (Apps), criando uma rede de criacdo e
fornecimento de software chamado de Ecossistema de Software (MSECO).

O conhecimento das caracteristicas que impactam diretamente na popularidade
de uma aplicacdo € primordial para que se projete Apps melhores, sob a perspectiva do
usudrio. Assim, o entendimento da dindmica envolvendo MSECO pode ser um
diferencial entre o sucesso ou o fracasso de uma App.

Com isso, 0 uso de simulagdo mostra-se como uma potencial ferramenta para
apoio a tomada de decisdo. Em (BEZERRA et al., 2016), foi apresentado um
mapeamento sistematico que caracterizou tais simuladores, dentre eles o modelo
AppEco (LIM e BENTLEY, 2012). No entanto, este modelo ndo lista e enumera quais
caracteristicas seriam essas, ele as tratas simplesmente como nimeros, o que dificultaria
a sua aplicacdo em situagdes reais de desenvolvimento de Apps.

2. Caracteristica de Aplicacoes para Simulacio de MSECO

Diante deste problema, esse trabalho busca oferecer uma lista de caracteristicas que
descrevem uma App, sua classificacdo nas categorias Técnica, Social e de Negocio,
conforme taxonomia apresentada em (SANTOS et al., 2011), mapeando assim os
fatores determinantes para o sucesso de uma aplicagdo movel, e permitindo assim a
extensdo do modelo tedérico AppEco.
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O trabalho de (LIM et al., 2015) traz uma pesquisa global extensiva com
usudrios de Aplicacdes de diversas partes do mundo, mapeando os aspectos gerais que
influencia o usudrio no momento de realizar o download de uma App. Para compor os
aspectos apresentados por (LIM et al., 2015), esse trabalho realizou composi¢cao com
outras fontes para chegar a proposi¢cdo de uma lista mais completa de caracteristicas.

As fontes selecionadas foram trabalhos disponiveis na literatura com notdrio
reconhecimento técnico, documentagdo técnica das plataformas de MSECO e Relatério
de desempenho das Apps disponibilizados pelos mantenedores das Lojas de Aplicativos,
destacando estratégias de negdcio de desenvolvedores de sucesso. A lista completa das
caracteristicas pode ser acessada através do enderecgo: https://goo.gl/Vx7089

Mapear essas caracteristicas viabilizard o oferecimento de um ambiente
computacional baseado em simulacdo que permita, por meio da extensdo do simulador
AppEco, oferecer uma ferramenta que apoie a simulagdo do desempenho e evolugado de
uma App.

3. Conclusoes e Trabalhos Futuros

Neste trabalho, foi apresentado um estudo para identificacdo de caracteristicas que
descrevem a App, mapeando assim os fatores determinantes para O sucesso uma
aplicacdo movel. Isso permite a extensdo do modelo tedrico AppEco e a aplicagdo
pratica em MSECOs. Como trabalho futuro, os resultados encontrados nesse estudo
serdo validados com um conjunto real de aplicagcdes moveis e por meio de consulta a
especialistas em MSECO.
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