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Abstract. Software process definition is a complex, timestoning and error
prone activity. Such activity can be facilitated dyprocess reuse strategy. This
strategy can be implemented through process ligecamponents structures.
This work presents a case study of a real progessieation in the context of
an oil and gas company in Brazil. The results ingideoth practical use ant
potential to assess completeness and to identifynsistencies in the
organizational process.
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1 Introduction

The assumption that a defined software processttirmfluences the quality of the

developed product [1] has motivated many softwargamizations to invest in

software processes definition. Process definitiotiatives are usually challenged by
diversity in various levels.

The diversity of organizations and projects makes the contexts in which
processes are used very distinct. Since the umivErsoftware projects is extensive
and diversified, a singleoftware development model cannot satisfy all of them.
Despite plan-driven [2], agile [3] and free/openurse software (FOSS) [4]
development models aim to improve software devebkaimeach model represents a
distinct development universe, differing in philpey and main characteristics. In
order to establish more effective software procgssesearch in the area has
discussed how to promote the reconciliation ambegd development models [5].

Process diversity occurs when a project is executed by wppl different



processes. It may happen: (i) concurrently in potsjevith different teams working in
parallel; (ii) the adoption of different softwareopesses throughout the lifecycle of a
project, observed over time in the transition frdavelopment to maintenance stages
[6]. Finally, a process cannot be defined withocamsideringpeople who will use it
(such as employees) or interact with it (such asceuers and suppliers).

All these different kinds of organizations, progctievelopment models, people
and teams make it harder to define specializedgss®s to cope with known and new
development contexts [5]. There is a growing neadtfie effective definition of
software processes that can handle this diversjty [

Despite being one of the main tasks to be exedoyethe Software Engineering
Processes Group (SEPG), process definition is imgpls. Such activity demands
experience and knowledge from several aspects @ifv&® Engineering. Process
definition can be time consuming, error prone amadse the following negative
consequences [8]: unnecessary activities that teadwaste of time and money; the
omission of necessary activities, which may affeetproduct quality; and the failure
to comply with the organizational or internatiostdndards.

In practice, process definition can be improved ayeuse strategy based on
smaller process units. This work is based on protires [7,9—11] and components.
These reuse structures have the potential to défalpnocess diversity or variability,
help to disseminate knowledge and successful espees.

In order to facilitate process composition, we frasly presented Context-Based
Process Line Engineering (CBPL) [12] and COMPOOTI[M] approaches to
support project managers’ decisions about procem®mponents selection and
combination and optimize the suggestion of proce$sehe context of a particular
project. Following our research agenda, the firsdlygsis of a case study based on
CBPL was discussed with the community in [14].

In this work, the case study’s planning and executire completely described. It
was conducted in a real context of a large oil camypin Rio de Janeiro, Brazil. The
main goal was to evaluate the feasibility of supipgra process manager in the
creation of the organizational process line. Pregesise is still a new topic in the
company and this knowledge is not widespread. Thise study is a step in this
direction and a first version of the process linaswachieved. Moreover, the
company's interest in the topic shows that itiiea problem in the software industry.

The remainder of this paper is organized as follolms Section 2, the CBPL
approach is presented. Section 3 describes the grldnthe execution of the case
study. In Section 4, the results and threats taialof the evaluation are analyzed.
In Section 5, some related works are discussea@llfirSection 6 concludes the paper
and indicates some opportunities for future work.

2 Context-Based ProcessLine (CBPL)

A process line refers to the application of the product line [1d¢a to processes. It
corresponds to a set of processes in a particu@nath, having common
characteristics and being built based upon commssable process assets [11].
Aiming to offer a systematic approach to suppoodcpss composition and reuse, a
CBPL was created. It combines the reuse of thegsodine with the dynamic of



context [16], which makes possible to identify nfmditions in a process at runtime
in order to adapt to new situations. CBPL corresigan a set of process components,
organized to represent common and variants pattsnaa specific domain that can
be reused and combined, according to composities,rto dynamically compose and
adapt processes. The CBPL approach was similanicteted to the product line
phases: Software Process Domain Engineering (SP&t) Software Process
Application Engineering (SPAE) (Fig. 1.) [10,12].
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Fig. 1. Context-based process line (CBPL) approach [17]

SPDE is performed bprocess engineer(syhen there is the need to establish a
process line; and when requirements, needs ands gd@snge, promoting the
evolution of the line. Existing process and/or refeee models serve as input.

The SPDE phase creates the process line with arigeset of processes that
captures the commonalities and variabilities iroandin. It makes explicit the points
where these processes are similar and can be reasddthe points where they
diverge, and need specific treatment. Variability Software processes becomes
important in order to deal with diversity and adfgutuse in a particular context.

In SPDE, the Analysis phase aims at identifyingdbenain knowledge through a
feature model [18] (represents domain characteristics, commtes)i and
variabilities of a process) armbmposition rulegrepresent dependencies or mutually
exclusive relationships). At Desigprocess architecturés specified to define the
main components, their internal properties andfates, and how they relate to each
other. Each feature has a set of components tiéiment a procestmplementation



of the process architecture aims at generatingutable models (Fig. 1.a).

Regarding context, during Analysis it is also pblssito identify the contextual
information considered relevant to describe thec@ss. Thecontext modelis
composed of context dimensions and information.[A®]Design, the context model
is refined throughcontext definitions(situations that may happen based on the
combination of certain context information) am@ntext rules(suggest process
selection based on context definitions) [19]. Innpdatation involves the creation of a
context repositoryFig. 1.b).

After establishing the SPL in SPDE, for each prpjetstead of defining a process
from scratch,project managercan make use of the process line infrastructure to
compose a specific project process in SPAE. SPAS@bontains activities similar to
those presented in SPDE (Fig. 1.c). First, at Asialythe outcome is eutting of the
feature model containing only the features necessary for the peocess. During
Design, the process components are selected tedzewithin the architecture. From
these inputs and the existing context, the nemwcessis composed Finally,
Implementation comprises an analysis of suppotiads for process execution. As a
result, theprocesss ready to run and to be adapted at run time.

This work focuses on the organizational SPL creatibSPDE. Within SPDE, the
key phases of this research are Analysis and Debigrause it is precisely during
these two phases that process managers need rassitaleal with variability.

3 CaseStudy

In this section, we discuss the creation of a $P4 lieal industrial context in Brazil.

3.1 Planningthestudy

This case study has the following goal and scopfned according to [20] structure:

Analyzethe CBPL approach

With the purpose afharacterizing

With respect tdeasibility of creating a SPL

From the point of view af manager of the SEPG
In the context o& real industry environment

This case study used data from organizational goo®dels and standards. These
documents describe in details the activities, raled artifacts of the software process.
One development methodology - Object Orientatiomvas specifically selected
among the approximately 12 existing methodologrethe organization. Traditional
project management, the project management witle agethods and Testing and
Configuration Management subprocesses were alquedio

Five main instruments were designed and validatéd an expert: theéerm of
consentthat declares the purpose of the study and enslats confidentiality; the
characterization fornto determine the participant’s profilgaining materialused to
explain the main concepts of SPL; stady formused for collecting the results of the
tasks; and aurvey which intended to obtain qualitative informatiaimout the study.



3.2 Conductingthe study

This case study was performed in March 2013 wi¢hrttanager of SEPG (composed
by 20 members and located in a specialized divisibthe organization focused on
software processes and methodologies). The profilthe participant indicates 10
years of experience in Software Engineering, PtoManagement and Software
Process Definition. However, the participant didk have experience in Reusing
Software Processes. The participant claimed to maueh familiarity with all of
organization’s software processes. These processes characterized by him as
large, with an average complexity and with higkevaihce to the organization.

From the company’s original processes (which catweomade available due to a
non-disclosure agreement), an initial draft of 8#_ was created following the steps
of SPDE. The resulting SPL was presented to theGSEBnager and evaluated based
on his experience and knowledge. Each session zswhldifferent artifacts and
suggestions and comments of the expert were redande spreadsheet.

In the first step, the main reference for the ¢osabf the features model was the
organizational software development process. Flumprocess, 86 process features
were extracted — including activities, tasks anadpcts (Table 1). The features were
organized by phases (initiation, planning, exeaytmonitoring and closure).

Table 1. SPL’ features

Phase Total | Bytype By Optionality By Variability |
Activity 1 | Mandatory 8 Invariant 26
Inception 26 Task 9 | Optional 18| Variant 0
Product 16 Var Point 0
Activity 3 | Mandatory 1 Invariant 11
Planning 14 Task 5 | Optional 13 | Variant 2
Product 6 Var Point 1
Activity 4 | Mandatory 8 Invariant 30
Execution 33 Task 15| Optional 25| Variant 2
Product 14 Var Point 1
Monitor and Activity 1 Mar_1datory 3 Inve_lriant 6
Control 9 Task 2 | Optional 6 Variant 2
Product 6 Var Point 1
Activity 1 | Mandatory 4 Invariant 4
Finishing 4 Task 1 | Optional 0 Variant 0
Product 2 Var Point 0

The process features modef the planning phase is partially presented i Bi
This model use®dysseyProcess-FExotation [21] and was created with the support
of the Odyssey environment [22]. It is composed3bgctivities, 4 tasks, and 10
products. These elements are related through diffetypes of relationships. The
mandatory features are represented by a continlimeisand optional features by a
dotted line. This feature model has two main atitisi Traditional and Agile
Planning, both optional and composed by tasks @ifferent planning granularity. In
the Traditional approach, it indicates both projetl solution planning. In the Agile
approach, it is suggested both the release ansptirg planning.

From the process features, 8 composition rules waeated. The features



mentioned in the rules are indicated with a RCCA & in the upper right corner
(Fig. 2). Some of these rules are presented ineTabl
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Fig. 2. Process features — Planning phase.
Legend: Mandatory process features — Rectangleawittinuous line. Optional process
features — Rectangle with dotted line. Compositidesrs Code in the upper right corner

In SPDE, it is also required to define tlentext model including context
dimensions and information. As a starting pointadjo et al [23] suggest nine
context dimensions for the software domain. In 8tigly, these context dimensions
were maintained, because the company adopts ndismksfinition.

Table 2. Examples of features composition rules

#Rule ‘ Antecedent Type Consequent
Agile planning OR

Build agile software solution
RCCA8 | Request approval of project vision Inclusive | Develop project vision

RCCA1 Inclusive | Track agile project

The 24 context information items identified werestdbuted on 4 of these
dimensions: customer/user, software product, ptoger team (Table 3). The context
information elements have been defined based on ctiteria for rating the
complexity of the project and assumptions for aglevelopment (Table 3). To
amplify the understanding, we can take one of thash example: Type of
Development. The main idea is that the company l@are process variations for
corrective, emergency, evolutionary/adaptive maiatee, or new development.

Table 3. Context dimensions and information

Dimension | Context Information
Customer/User | Geographical dispersion.

Software Solution with a deadline of use, Impact of unavaligy, Use of




Dimension | Context Information |
Product standard infrastructure, Availability of documerdat Algorithmic
complexity, Components reuse, Complexity of thedabdata model
Amount of concurrent users, and Information classtifon.

Scope instability, Deadline constraints, Need f@ocprement or

Project contracting, Sprints (number and duration), Use@f technologies
Type of development, HH amount, and Accordance ®ifIX.
Team Team size and Solution knowledge.

In the next step, 86 process components (Tableedg wxtracted detailing the 32
features of type "Task" created in the previoussphaf SPL. For instance, from the
feature “Plan Software Project” (Fig. 2), 11 praceomponents following the
traditional project management methodology wereaitist. From the process
components, 9 composition rules were identified.

Table4. SPL' process components

M ethodology/Subpr ocess Total Mandatory | Optional
Traditional project management 29 12 17
Agile project management 8 4 4
Object Orientation 21 1 20
Software Test 5 4 1
Software Configuration Management 12 8 4
General 11 3 8
Total 86 32 . 54

Table 5 shows an example of a process componest.sirbicture of a process
component in this research included: i) identifigrname; iii) role; iv) description; v)
associated feature; vi) optionality; vii) variabjtiand viii) input and output artifacts.

Table5. Process component example
Process Component: CPO1. Project Responsible Assignment
Role: Team Leader
Description: Project start milestone. Formally designate tlaelde of the project to
form the Project Open Charter.
Process Features: Start project

Optionality: Mandatory Variability: Invariant
Input: Software Project InformatiofMandatory)
Output: Project Open Charter

Regarding the context model, after understandingtect information, the next
step was to establish context definitions. Contkefinitions represent circumstances
that may happen based on the combination of vaifiesrtain context information. A
total of 26 context definitions were identified. Axample of a common situation that
influences the organizational software process donsa“Agile project” defined by
the expression: Sprints=Yes AND (Number of Sprint®2) AND (Team Size<=9
members) AND (Sprints Duration=1<=x<=4). An expiesscombines the values of
the previously defined context information (Tab)e 3

Context rules can specify the actions to be tak@naf given situation. They
represent how a context situation affects the goméition of a software process. The



context rules were generated based on contexttisitisaand features model of the
SPL (Table 6). It is noteworthy that no contexterulvere defined by setting actions
for all context definitions identified, which meatisat in practice some definitions

will not be applied in this case study. An increhsse of context situations and rules
in SPL would increase the wealth of suggestions @BPL is able to make in the

composition of software processes.

Table 6. Examples of context rules

#rule Context Definition Features ‘
. . . Agile Planning AND
RCTX1 | Agile project Implies Track agile project
New development OR Nonstandard . Assess feasibility of
RCTX3 infrastructure OR Project with acquisition slmplles infrastructure
RCTX4 | SOX Project Implies Inspection
RCTX5 | Complex modeling Implies | Data administration

At the end of this study, a complete SPL was rdadwuse in the organization.
The discussion of the main results is presentedemext section.

4 ResultsAnalysis

The study was performed in four individual sessi@mead over a month and with a
mean duration of 01:20 hs each. During the sesstbascreated SPL was presented
to the SEPG manager and evaluated by him usingdlee review technique. This
review resulted in 44 comments.

These comments were classified according to theerdggyv phase of the
development process, type and details of artifadoere the remark was made, and
classification based on defect taxonomy [24]. Timalysis of the defects found,
summarized by the graphs in Fig. 3, allows us teeole that 60% of the defects has
low severity. Only three defects had high sevedsy/follows:

» Inthe case of agile method, creating activitiegdees (representing the stages of
development) was not explicitly presented in théginal process model.
However, without using such an aggregator, the dexity of the features model
increases and its legibility would be compromis€derefore, a decision had to
be taken about complexity versus reliability in ttepresentation. In the final
model, the subject chose to keep the divisionages;

* When looking at the process features diagram, theticipant missed a
representation of the process activities sequdioeiever, the notation adopted
[21] does not provide this kind of representation;

* Finally, the participant noted that the same astifa an input for many tasks.
Therefore, it could be put as input in the activitat comprises all these tasks,
rather than being repeated for all of them.

According to the classification applied (Fig. 3ply 1 defect (regarding agile
method) was rated as "incorrect fact", as explaeteave. The 11 "omission" defects
were caused by the absence of any item in the $Bl the lack of information about
the mandatory elements in the process documentalitmst of the defects were



caused by "ambiguities" or "inconsistencies" betwége organizational processes
and procedures that required interpretation by $EPG manager during the
execution of the study. The comments classifiethas information” relate to items

that did not appear in the documentation originalljomitted and were added as
supplementary materials by the SEPG manager dtliengtudy.

Classification
Severity

5 I l
Low Medium High o

Incorrect fact Omission Ambiguity Inconsistency  MNew information

Fig. 3. Analysis of defects

4.1 Qualitative Observations

The subject affirmed that he was able to perforintaaks and was satisfied with the
final SPL. It was considered that the resulting $RH a large size, due to the amount
of artifacts that comprise it, but noted: Have never seen another process line to
compare the siZeHe further stated that the resulting line halligh completeness
and that the time for creation/evaluation of thé. SBemed reasonable.

Although the initial SPL has been created by tlseaecher, during the review the
subject followed all the steps and reviewed alifaats of the SPL. The participant
rated this revision as medium degree of difficutyd stated it required some
interpretation$. These interpretations concern the exercisettifidi the process that
currently exists at the organization in the newnfoof representation proposed
considering reuse. The current process modelingtinot was EPC (Event-driven
Process Chain) [25] and as mentioned the creatibnthe SPL adopted
OdysseyProcess-FEX notation [21] based on featnoekeling.

When asked about the madifficulty during the evaluation of the SPL, the
participant highlighted the difficulties of undeastling the need for composition
rules, as some of them seem obvious and couldglaced by process components
sequencing. However, it is also worth noting ttnet drganization's processes do not
provide a high level of variability. This is becauscurrently, the definition of
business processes is based on the adoption ofiexigestandard process. It is not
desired by the company to overload project managihsmany decisions during the
tailoring of a process specific to the project. igfiere, the process has a low level of
flexibility, which limits the acting of compositionules. COMPOOTIM approach
brings another perspective, since it can empowgepr managers’ decisions.

It was also examined whether the CBPL contributedntike optionality and
variability explicit. The participant indicated that they weesplicit, but also
demonstrated worry about the full representatiothefcompany’s software process:
"If the complete process of the organization waspadpit would not guarantee the
correctness of the model without the support ofoal't This comment can be
understood considering that only one methodologlj€€ Oriented) was selected,



among the 12 currently adopted by the organizatidith the modeling of other
methodologies, the generated SPL would be biggéidamand a support tool.

Considering the experience of the participant as $EPG manager, one can
imagine that he can judge the feasibility of preatiuse of the SPL created in the
organization. The participant stated that the S@lld-be adopted in the organization
with adjustments. He suggested to include the pii¢gito choose the artifacts
considering the particular needs of each orgamimaflhis possibility would need to
be investigated in future evaluations. Still reffggrto the practical use of the SPL, he
spontaneously highlightedt &lready requested the features model for useyirdaily
work in the companly This review highlights a practical contributiofor
organizational discussions of the processes.

The main advantage identified by the participans Wee fact that the systematic
approach helps to assess the completeness anidyideconsistencies in the process.
This benefit can be considered an unexpected dfdetebecause it had not been
foreseen during the CBPL proposition. In addititime approach was considered
helpful for novices or low experience project maarag “It helps even those who do
not have much knowledge about software enginekring

On the other hand, the main challenge mentioned thas difficulty in
maintaining the SPL updated, as business procebagege frequently. Since there are
many traceability among artifacts, the maintenarmédd be costly if changes have to
be propagated manually between different artifattewever, the computational
support available through COMPOOTIM tool [12] cawifitate this maintenance.

In addition, one negative aspect mentioned waslabk of simplicity of the
systematic approach that requires assistance (ftemresearcher and tool). The
participant explained: “It idaborious because it is a new approach that adapts
different notatioh. The need for a researcher support comes fralifficulty in
acquiring new knowledge to do it yourself when gmowlready used to work
differently’. This comment refers to the difficulty of paramigchange, since
organizations typically adopt process notationslfsas BPMN - Business Process
Management Notation [26], EPC [25]). Moreover, #teictures of process reuse are
new to the participant. The demand for computatisopport is natural and expected.

4.2 Threatsto Validity

This section discusses the main threats to valfditythis study, following Wohliret
al. [20] classification.

The mainconclusion threabf this study is the sample size, with only ond.SP
using processes from a single company considemegparticipant point of view, not
being ideal from a statistical standpoint. Therefdhis study presents a limitation in
the results that will be considered only as iniéigidence. However, we must consider
that this is one important oil company in Brazitlwhational geographic distribution.
In addition, actual organization software procesbased on different software
methodologies were used to create the SPL with saariability to represent plan-
driven and agile software development models diters

As the subject was chosen for convenience, itderestruct threatlt is possible
that his behavior was based on assumptions abeuexpected results from this
study. A random selection of participants was nogsible since participants with



knowledge of the company’s software process andh witperience in software
processes definition were required. Another thteafalidity is that the SPL has been
created by the researcher and have been validgtételparticipant. Despite having
followed all the steps of the CBPL during this exlon, the participant did not
actually create the SPL from the beginning.

Regarding internal threats we should consider that it was a long study
distributed in many sessions. To prevent the stiffjem being tired or discouraged,
the study was conducted in more than one session.

Finally, athreat to external validitys that the experiment only considers the SPL
from a single company and from the point of viewaddingle subject. Thus, it is not
possible to generalize the results to other cosfdxit it was a first step in a practical
SPL creation in the Brazilian industry context.

5 Redated Work

Although many of the proposals in the SPL area ]1@7-31] do not present
experimental studies or validations, some exceptifh9] should be mentioned.
Aleixo et al [7] evaluate the feasibility of their proposahglementing it by using
several model-driven technologies. However, thesis mo application to an industrial
scenario. In [9], the authors use a previous SRat@mn experience to detail their
approach. The created SPL focused on the acquigitiocesses and was created and
evaluated by internal specialists. Therefore, lrethults cannot be compared to the
results obtained on the present work. Other diffeagproaches are analyzed below.

Process Family Engineering [30] provides technidieesnabling the production
of processes in a certain business, where eachugroepresents a set of processes
enabled at a certain moment of the execution. @pjgoach produces one software
system that evolves at runtime, where the featmreprocesses.

Rombach [10] states that processes within an cazgdon could be organized
according to similarities and differences and pnese&SPPL (software product and
process line) engineering where appropriate attifand processes can be chosen
based on a set of product and process requireraettsding to project constraints.

Washizaki [11] proposes a process-tailoring teghai which intends to solve
problems with component-based and generator appesaby building a Process-
Line Architecture (PLA). The goal is to derive prof-specific processes from the
PLA, combining, extending and reusing core processed their variants for a
particular problem domain, following a “bottom-upéchnique that uses existing
knowledge on process definitions and applicatiarthé problem domain.

Finally, other two closely related areas are caity factors and Situational
Method Engineering (SME). Contingency factors [3@&fer to variables that
characterize a project to determine the selectioanoappropriate method from a
portfolio. This idea of project characterizationsisnilar to the one proposed in this
work. The area of SME [33] is intended to providgamizations with flexibility in
configuring a project-specific process, using mdth@r fragments stored in a
repository. This support and the existence of geaf process knowledge are similar
to the CBPL approach. However, project manager siasdistance to make decisions
about the process to be adopted in the project. §ME&S no indication about the



selection and combination of them to guarantee that resulting process is
completely usable. The capacity to compose thicgs®, considering the project
context, is a contribution of COMPOOTIM approach.

6 Conclusion

This paper presented the CBPL approach to softpareesses composition through
process lines. This approach was evaluated thrangéxperimental study conducted
in the context of a large oil and gas company imzdr The motivation of the
company in providing a professional at managemevllto participate in this study
shows that it is an actual problem in the softwadgistry.

The objective was to evaluate the feasibility afating a process line. The main
result was a complete SPL that makes sense to éimager of SEPG. This SPL can
be used in the future both by the organizationh® definition of internal software
processes as well as researches in other expeahstundies.

The main conclusions obtained during this caseystamcern the practical use of
the SPL, which contributed to the organizationakdssions of the processes and to
assess the completeness and identify inconsisteinctbe process. The approach was
considered helpful for novices or low experiencejget managers. The next steps for
the generalized adoption of the SPL in the compsmuld be: to train the members
of SEPG in the concepts of SPL and variability; angb the SPL to include other
methodologies; and plan the implementation of getitool such as COMPOOTIM.

Although this study has obtained positive resudtss noteworthy that this is only
an initial evidence, due to the limited number aftgipants and the use of only part
of the processes of the organization. Howeverctimepany's interest in maintaining a
joint research effort represents a real opportufoty future expansion of process
reuse initiatives in the organization. In additifuture replications of this study both
inside the company (internal) and with other consitexternal) can be conducted
to verify if a new effort to define an SPL will szeed.

Moreover, the case study indicated the need fatwad review on the need of the
composition rules, considering the alternative afchmnisms to sequence process
components. After this review, one can verify ifsteystematic can be simplified or
adapted according to the needs of use and repatisenbf each organization while
maintaining the desired results. Other mechanisrasfacilitate process consistency
check is currently under development as part ofresiearch group work with SPL.

Finally, this study also indicated the need of soimgrovements on the
OdysseyProcess-FEX notation. For example, diffiesiltvith the multiplicities in the
activities features were observed. Therefore, #®af other notations, such as [34],
can be helpful and should be evaluated in futurpegmental studies. Another
possibility is to transform the final artifacts &o0BPMN notation that should be more
user-friendly to the SEPG.
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