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Message from the General Chair

| cordially welcome you to Montevideo, Uruguay, and to the 16th Iberoamerican Conference
on Software Engineering (Cibse 2013).

From its inception Cibse is well known to provide a growing forum for those interested in
exploring and discovering the advances and research in the field of software engineering in
Ibero-america. Trying to follow this tradition, we believe this year conference program has
much to offer to researchers, practitioners, students and educators.

As in previous editions, this conference will hold the three traditional tracks covering the areas
of Software Engineering, Requirements Engineering, and Experimental Software Engineering; it
will also host a Doctoral Symposium, three keynotes and four tutorials. For the first time this
year’s conference will host an Industry Forum that we hope it will encourage the exchange of
experiences between scientists and professionals.

Cibse is a constantly growing research oriented conference. On this edition there were 36
accepted papers in the three main tracks and we are pleased to have authors representing
several countries like Argentina, Brazil, Cuba, Italy, Spain, Peru, Venezuela and Uruguay.

We are fortunate to have three keynotes that span different areas of interest to the software
engineering community. Bill Nichols’s keynote will take a deeper look into the stages of quality
development using TSP. Carolyn Seaman will address on how the Technical Debt metaphor can
be used by practitioners and empirical researchers as a new path to technology transfer.
Eduardo Mangarelli and Fernando Machado will bring an industrial perspective on the
challenges presented by the complexities that today’s applications are expected to manage,
and on how these challenges are disrupting the way we engineer software.

Tutorials have always been an efficient way to learn about diverse themes in Software
Engineering. This year we will offer four tutorials covering leading edge topics and presented
by the following renowned speakers: Renata Guizzardi, Luis Olsina, Andrea Delgado and Bill
Nichols.

As many conferences, this Cibse was mostly organized by a group of dedicated people that
generously offered their time to perform the countless tasks needed to make the conference a
success. | would like to thank all the volunteers that have devoted their energy to the goal of
making it an outstanding experience to you. These include, among others, the Steering
Committee, Track Chairs, PC members, student volunteers and the university's staff. Thank you
all for your dedication and support. | must specially recognize the work of our Organization
Chair - Santiago Matalonga, our Academy/Industry Liaison — Ana Laura Trias, and to Liliana
Pino our webmaster, we couldn’t have done this without your leadership, patience and hard
work!

| would also like to thank the invaluable support of the companies and organizations that, with
their sponsorship, made it possible to offer full access to the conference to over fifty students.
| believe this is a unique opportunity for our future Software Engineers and researchers.

Finally we hope that you will enjoy your stay at Montevideo - the Iberoamerican Capital of
Culture - 2013. Welcome to Cibse 2013!

Gastén Mousqués / General Chair
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Preface

Welcome to the sixteenth edition of the Workshop on Requirements Engineering series
(WER'13) collocated at the Ibero-American Conference on Software Engineering
(CibSE'13) and to be held in Montevideo, Uruguay.

WER 2013 continues with the tradition of previous editions, providing an active forum
for researchers and practitioners. Although the workshop started as a meeting in order to
consolidate the Ibero-american community of researchers on requirements engineering,
over the last years, WER has also attracted attention of researchers from other parts of
the world as well.

The international program committee, from 11 different countries, was composed of 34
relevant researchers coming both from academia and industry. We received 35 abstracts
submissions, which were finally capitalized in 27 papers. After a rigorous reviewing
process, carried out by at least three members of the program committee, and one
additional discussion session, 9 papers were accepted as full papers (33%) and 3 as
short papers. The 12 selected papers will be made available in the repository
http://wer.inf.puc-rio.br/WERpapers.

In this edition the program also included a panel that aims to discuss issues in
requirements engineering technology transfer.

We thank all members of the program committee and external reviewers for their
dedication, effort and excellent work to improve papers quality. We also are greatly
grateful to the local organization members for making possible to carry out this
workshop collocated at CIBSE 2013. And we hope that you will enjoy and find useful
what we have prepared for you.

Co-chairs

Leandro Antonelli (UNLP, Argentina)
Nelly Condori-Fernandez (UPVLC, Spain)
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Quality Properties Evaluation for Software Requirements
Specifications: An Exploratory Analysis
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Abstract. Most software problems arise from deficiencies in the manner in
which software requirements are elicited and expressed. Ensuring that the Soft-
ware Requirements Specification document (SRS) has the necessary quality is
crucial to the success of any software development project, since its information
is used across all project stages. However, assessing the quality of a SRS is not
a simple process, mainly by the multitude of proposals, often contradictory, of
the attributes to be evaluated and the methodologies used for that purpose. This
work is intended to be a compendium of the most important tendencies and
strategies in the field that serves as a starting point for developing comprehen-
sive models and tools for quality attributes evaluation in a SRS.

Keywords. Software Requirements Specification, quality attributes evaluation,
quality models

1 Introduction

The primary measure for an information system to be successful is the degree in
which it meets the intended purpose. Requirements Engineering (RE) is a subtask of
Software Engineering which deals with the discovering of that purpose by identifying
stakeholders and their needs, and documenting them for their future analysis, commu-
nication, and subsequent implementation [1].

In RE processes there is a continual need for efficiently managing the great volume
of information and knowledge generated and used during all activities which compose
the software development process. Thus, diverse are the challenges that must be con-
sidered when managing requirements-related information in software development
projects. In this sense, ambiguous requirements must be minimized since they pro-
duce waste of time and repeated work.

Related to this, there exist in the literature diverse proposals in order to give guid-
ance in the assessment of different attributes or properties for requirements, which
helps in controlling if their specification is made in a correct way. Some of them also
propose quality models to be considered when evaluating a Software Requirements
Specification (SRS), the main deliverable produced in RE, which is used throughout
the project [2,3].

The main goal of this paper is to analyze the state-of-the art in this area, in order to
give a more consistent support for software engineers when generating requirements
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specifications. Moreover, the results might be considered for the future development
of tools for supporting automate or semi-automate evaluation of SRS quality.

The paper is organized as follows: Section 2 describes the research methodology
used for the study. Section 3 presents diverse proposals in SRS quality properties,
analyzing their similarities and differences. Meanwhile, Section 4 discusses and ana-
lyzes diverse proposals or approaches for evaluating the attributes described in the
previous section. Related to this, Section 5 describes influences between these proper-
ties. Finally, Section 6 is devoted to discuss future trends in this area and the conclu-
sions of the paper.

2 Research Methodology

The purpose of this study is to understand the trend of quality-related attributes as-
sessment for SRS by examining published articles and offering, at the same time,
insights and future directions in this area.

To this end, the following electronic journal databases were searched to provide an
exhaustive bibliographic revision of research papers in the area:

e EBSCO Discovery Service,

EconPapers,

Compendex. Engineering Village,

Engineering Village 2: Referex Engineering,

National Digital Library of Theses and Dissertations (NDLTD),
NTRS: NASA Technical Reports,

Scopus. Elsevier,

Social Science Research Network (SSRN),

ACM Portal,

e IEEE Library.

The search process was performed based on three descriptors: “Software Require-
ments Specification”, “Quality Models” and “Quality Attributes Evaluation”. The
selection of the descriptors was performed according to their different levels of gener-
ality, which allows refining the search results. The search process started from more
general (e.g. "quality models") to more specific (e.g. "Software Requirements Speci-
fication") phrases, using the facilities of “search within the results” offered by most
search engines. Despite the above, and due to the large quantity of papers returned by
the databases, the following exclusion criteria were used:

e Given the limited number of indexed publications addressing this particular
subject, the consideration of publications only in English. This was done in
order to ensure that these articles have been accessed and validated by the
widest possible audience. For the same reasons, non-refereed conference pa-
pers, unpublished master and doctoral dissertations were excluded.

e Because the idea of evaluating quality attributes for the SRS is relatively
new, the search was restricted from 1990 onwards.

e Only research papers referring specifically to SRS quality attributes were
chosen.
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3 Quality Attributes

In general, quality attributes for a SRS are part of a quality model and should be used
to assess the quality of a requirements document, or individual requirements con-
tained in a SRS [4]. Thus, each attribute might be related to the entire SRS or to each
requirement defined in it. This is due to, since for many attributes to be attained by
the SRS, they have previously to be achieved for each requirement defined in it. Re-
lated to this, many of the authors proposing the same property coincide in their con-
siderations, some issues regarding particularities in the analysis deserve to be pointed
out. In the next subsections diverse definitions and proposals for each property are
presented.

3.1 Unambiguous

A SRS is unambiguous if every requirement stated therein has only one possible in-
terpretation [2,5,6]. Some authors give similar definitions for unambiguous require-
ments [7,8,9,10,11]. Pohl [7] states that a requirement is unambiguous if all stake-
holders with approximately the same knowledge about the system and its context
interpret the requirement in the same way. It also requires that, at least, each charac-
teristic of the final product be described using a single unique term [5], and those
terms that could have multiple meanings in a particular context, should be included in
a glossary where its meaning becomes more specific [5,8].

3.2  Complete

The IEEE 830:2009 Standard [5] establishes that a SRS is complete if it contains the
following elements: 1) all significant requirements; 2) definition of the responses of
the software to all realizable classes of input data in all realizable classes of situations;
3) complete labels and references to all figures, tables and diagrams in the SRS and
definition of all terms and units of measure. Some authors also add the rule that all
pages must be numbered and all referenced material must be present in SRS
[2,12,13].

Furthermore, a SRS is complete if all relevant requirements are specified
[2,7,8,10], and, therefore, irrelevant requirements should be absent [7,14]. Some au-
thors [2,5], consider that a SRS is not complete if there are unfinished sections, i.e.,
there are marks "To Be Determined" (TBD). A requirement is complete if it is fully
specified [7,6,8] and does not omit any piece of information that is relevant to some
stakeholder [7].

33 Consistent

Some authors treat internal and external consistency as different quality properties
[2,9], others seek only the internal consistency [5,7,14,15,16,17,18], and others con-
sider the internal and external consistency as a same quality attribute [3,6,8,19].
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3.3.1 Internally Consistent

A SRS is considered internally consistent if not subset of requirements outlined in it
have conflicts [2,5,7,9,10,14]. Moreover, a requirement is consistent if the statements
within it do not contradict each other [7].

3.3.2 Externally Consistent

A requirement in the SRS is considered externally consistent has no conflicts with any
project documentation (i.e., system requirements specifications, statements of work,
white papers, an early SRS version with which the new version must be compatible,
and system requirements specifications of other systems to which this system must
have interface). Thus, a SRS is considered externally consistent if the requirements
described in it have no conflict with any project documentation [2,6,8,9,19].

IEEE 830:2009 [5] states that if a SRS disagrees with some superior-level docu-
ment, such as a system requirements specification, then, this is not correct rather than
externally inconsistent (see section 3.4).

34 Correct

A SRS is considered correct if every requirement is something required to build the
system, i.e., each requirement contributes to the satisfaction of some need [2,5,6]. The
SRS should be compared with any superior specification to ensure that it agrees. The
customer or user can also determine whether the SRS correctly reflects the actual
needs [5,8]. Instead, some authors define the quality attribute validability/valid when
they establish that the client should be able to confirm that SRS requirements describe
the system that meets their needs [10,14]. Pohl [7] states that a requirement is correct
if the relevant stakeholders confirm that it is correct and require the system to perform
the requirement completely. Thus, a requirement is incorrect if it unnecessary adds
some functionality or quality property (gold platings).

35 Traceable

A SRS is considered traceable if each requirement has a clear source and is easily
referenced in subsequent development phase or documentation [5,6]. IEEE 830:2009
[5] recommends two types of traceability: 1) Backward traceability, i.e., before the
development stages. This is achieved when each requirement explicitly reference to
its source in earlier documents. Some authors define this attribute as "Traced"
[2,12,13,20]; 2) Forward traceability, i.e., all documents generated from the SRS.
This is achieved when each requirement has a unique name or reference number.
Some authors define it as "Traceable" [2,10,12,13,20]. A requirement is traceable if
the origin and evolution as well as its impact and use in later stages of development is
traceable [7,8].
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Some authors treat separately Traceable and Traced quality properties [2,12,13,
20], others try these attributes together in Traceable [5,6,7,8], and others only con-
sider Traceable attribute [10,14].

3.6  Verifiable (Testable)

A SRS is considered verifiable if every requirement stated therein can be verified
[2,5,6]. A requirement is verifiable if there is a finite and cost-effective process with
which a person or machine can check that the software product meets the requirement
[2,3,5,6,7,8,14]. Pohl [7] states that if a requirement is underspecified, it is not objec-
tively possible to decide if the requirement is realized as defined or not. It also states
that, to facilitate verifiability, some acceptance criteria must be defined.

3.7 Modifiable

A SRS is considered modifiable if its structure and style are such that allow introduc-
ing easily, completely, and consistently any change, without affecting the structure
and style [2,5,6,7,13]. To achieve modifiability a SRS must: 1) have a coherent and
casy to use organization, a table of contents, an index, and explicit cross-references
(see sections 3.11 and 3.14); 2) avoid redundancy (because problems can arise when a
redundant requirement is altered in only one of the places where this occurs, resulting
in a inconsistent SRS) (see section 3.12); 3) express each requirement separately (see
section 3.13) [5,7,8].

3.8  Annotated by Relative Importance, Relative Stability or Version

A SRS is considered ranked by importance if each requirement in it has an identifier
to indicate its importance [2,5,6,14]. One way to classify requirements is to distin-
guish classes of them as essential, conditional, and optional [2,5].

A SRS is considered ranked by stability if each requirement in it has an identifier
to indicate the stability of that particular requirement [2,5,6,14]. Requirements stabil-
ity can be expressed with the number of expected changes for any requirement [2,5].

A requirement is rated if its relevance has been determined and documented [7].

A SRS is considered annotated by version if a reader can easily determine which
requirements will be satisfied in which program versions. One way of annotating
requirements by version is to add a column in the SRS for each version of software to
be produced and mark with an "X" next to each requirement in the respective columns
[2].
Some authors distinguish the quality properties Annotated by Relative Importance,
Annotated by Relative Stability and Annotated by Version [2,12,13]. Others consider
Annotated by Relative Importance property as Prioritized [8], while others consider
Annotated by Relative Importance and Annotated by Relative Stability as joint proper-
ties called Ranked for Importance and/or Stability or Rated [5,6,7,14].
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39 Understandable

A SRS is considered understandable if its readers (customers, users, project manag-
ers, software developers, testers, and others) can easily comprehend the meaning of
all requirements with a minimum of explanation [2,3,10].

According to Pohl [7], a requirement is comprehensible if its content is easy to under-
stand. The comprehensibility of a requirement depends, among other things, on the
selected document format and the stakeholders involved. Pohl [7] distinguishes be-
tween Comprehensible and Readability, while others define Understandable as part of
Readability definition [2,3,10,20,21].

Furthermore, Pohl [7] defines that a SRS is readable if the reader can extract and
easily understand its content. The readability and modifiability of a SRS is influenced
by the structure and style of the document, so, in this sense, the SRS should have a
coherent structure, each requirement should have a unique identification, redundan-
cies should be avoided, and the requirements defined should be atomic. In order to
reach these characteristics, diverse authors propose the use of IEEE Standard 830-
2009 [5], which describes recommended practices for Software Requirements Speci-
fications.

3.10 Concise

A SRS is considered concise if it is as short as possible without adversely affecting
any other document quality. So, if there exist two SRS describing an identical system
with identical quality measures, then the shorter the better [2,20].

3.11 Organized

A SRS is considered organized if its content is organized, that is, readers can easily
locate information and logical relationships between adjacent sections are evident [2,
12,13,20]. According to Davis et al. [2], to achieve a useful organization: 1) a stan-
dard must be followed, and 2) one of the five organizational models must be used:
group the functional requirements by user class, common stimulus, common response,
feature or object. Some authors define the quality property Organized [2,12,13,20]
and others only describe it as a required feature for achieving other quality attributes,
such as Modifiable [5].

3.12 Not Redundant

A SRS is redundant if the same requirement is declared more than once [2,5,6,8].
Unlike other quality attributes, the redundancy is not necessarily bad. It is often used
to increase readability of the SRS. However, it causes problems when a SRS is re-
vised. If all occurrences of a redundant requirement are not modified, then the SRS
becomes inconsistent [2,5,6,7,8]. If redundancy is necessary in the SRS, it should
include explicit cross-references [5,7,8].

11
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Some authors define the quality property Not Redundant [2,9]. Others treat this
quality attribute as a guideline to be considered in requirements documentation [6],
and others only describe it as a required feature for achieving other attribute quality
as: Modifiable [5,7,8] and Readability (Understandable) [7].

3.13 Atomic

Each requirement in a SRS should be clearly determined and identified, without being
mixed with other requirements [10]. A requirement is atomic if it describes a single
and coherent event. A requirement is not atomic if it describes multiple isolated or
just loosely coupled events which can be divided into several requirements [7].

Other authors treat this attribute similarly to the quality property Not Redundant,
i.e., as a guideline to consider in requirements documentation [6] and as required
feature to achieve the quality properties Modifiable [5,7,8] and Readability (under-
standable) [7].

3.14 Cross-Referenced

A SRS is considered cross-referenced if it cross-references are used to relate sections
containing requirements to other sections containing: redundant requirements, more
abstract or more detailed descriptions of the same requirements or requirements that
depend on them or on which they depend [2].

3.15 Design Independent

A SRS is design independent if there are more than one system design and implemen-
tations that implement all requirements stated in it [2]. Génova et al. [10] call this
quality property Abstraction, and state that requirements must tell what the system
must do without telling how it must do it. Thus, a SRS should avoid excessive techni-
cal details about the implementation.

3.16 Electronically Stored

A SRS is considered electronically stored if the entire document has been produced
with a word processor, was generated from a requirements database, or has been oth-
erwise synthesized from some other form [2].

3.17 At Right Level of Abstraction/Detail

A SRS can provide different levels of detail [2,20]. A SRS being used as a contract
between customer and developer should be relatively specific to ensure that the cus-
tomer knows what is being acquired [2]. It is considered good practice to write the
SRS requirements at a consistent level of detail [6].
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3.18 Precise

The precision quality property is accomplished when all used terms in the SRS are
concrete and well-defined [10]. Particularly, an SRS is considered precise if: 1) nu-
merical quantities are used whenever possible, and 2) all numerical quantities have
appropriate levels of precision [2].

3.19 Achievable

A SRS is achievable if there is at least one system that correctly implements all re-
quirements stated in it [2]. Wiegers [8] calls this quality attribute Feasible, and de-
fines it as the possibility to implement each requirement within the capabilities and
limitations of the system and its operating environment.

3.20 Others Attributes

A SRS is considered Prototypable if there is a software tool capable of inputting it
and providing a dynamic behavioral model that simulates the system behavior to
build. This quality property is given only by Davis et al. [2].

A SRS is considered Reusable if it is possible to easily adopt or adapt their sen-
tences, paragraphs and sections for use in a subsequent SRS [2]. This quality property
is only described by Davis et al. [2].

A requirement is Up to date if it reflects the current status of the system and its
context, such as the current stakeholders desire or current legal regulations [7]. It
should be noted that this quality property was only proposed by Pohl [7].

4 Quality Properties Evaluation Analysis

There are many proposals for evaluating SRS quality attributes [2,3,6,10,11,12,13,14,
15,16,17,18,19,20,21]. The approaches found in the literature considering vocabulary
or language include: use of domain vocabulary, related to the use of user vocabulary
(glossary) in requirements descriptions [10,12,13]; use of domain knowledge, which
considers interpretation and domain semantic knowledge (some authors use ontolo-
gies as knowledge resource) [2,15,16,17,18,19], and natural language patterns detec-
tion using keywords, key phrases and/or symbols as evidence of the occurrence for
certain quality attributes [3,6,10,11,12,13,14,20,21].

Other approaches analyze relations between requirements and artifacts in SRS,
in order to evaluate diverse attributes [10,15,16,17,18,19]. Among them, those pro-
posing overlapping between requirements consider requirements referring to the same
subject where contradictions between requirements, redundancy when there is a un-
necessary repetition, and simple coupling when there is none of the above (and that
implies some kind of dependency relationship) can be distinguished
[10,15,16,17,18,19]. Also, other approach considers the evaluation of requirements

13
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dependencies with other requirements or other artifacts of the development process
[10].

Diverse approaches are based in the analysis of SRS structure for evaluating some
attributes [2,10,12,13,14,20,21]. Between them, text structure in the SRS considers
requirements found in each hierarchical level of the SRS [10,14,20], while specific
characteristics of SRS document includes presence of sections, table of contents and
index, SRS size, etc. [2,12,13,14,20,21]. Meanwhile, achievable features from SRS
document approach includes the evaluation of actual solution system designs, single
system, etc. [2].

The analysis of the requirements themselves also is performed by diverse propos-
als [2,3,10,12,13,20]. In this sense, the specific characteristics of a requirement ap-
proach consider the use of explicit references, unique identifier, cross-references,
versions and size for a requirement [2,3,10,12,13,20]. Moreover, the analysis of de-
ductible features from a requirement includes the evaluation of cost and time required
to verify a requirement [2].

Finally, as general approaches which consider the jointly evaluation of groups of
requirements, approaches proposing metrics that calculate the percentage of re-
quirements that meet the analyzed attribute [2], and tools that use correct-by-
construction paradigm (where certain quality attributes are satisfied by the mere fact
that tool be used to generate the SRS) are included in the analysis [12,13].

Thus, while Table 1 resumes which references have a concrete proposal on the
evaluation or assessment techniques for each attribute, the approaches found together
with the attributes evaluated by them are summarized afterwards.

The use of domain vocabulary is proposed for the evaluation of Unambiguous and
Understandable [12,13], Atomic and Precise [10]. On the other hand, The use of do-
main knowledge, is included in assessment techniques proposed for Unambiguous
[2,15,16], Complete [2,15,16,17,18,19], Internally Consistent [2], Correct
[15,16,17,18], Understandable [2] and Atomic [18] quality attributes.

Moreover, the use of natural language patterns is proposed for evaluation tech-
niques related to Unambiguous [11,13,14,20,21], Complete [3,12,13,20,21], Verifi-
able [3,21], Annotated by Relative Importance and Relative Stability [13], Under-
standable [3,10,14,20,21], Atomic [6,10], Design Independent and Precise [10] qual-
ity attributes.

Furthermore, within the use of overlap between requirements approach, proposals
exist for the evaluation of Internally Consistent [15,16,17,18,19], Not Redundant [17],
Unambiguous, Traceable, Understandable and Atomic [10] quality attributes.

Within the use of requirements dependencies with other requirements or other arti-

facts of the development process approach, evaluation techniques are proposed for

quality attributes such as Traceable, Understandable and Atomic [10].

Also, the use of text structure in the SRS approach is considered when proposing
evaluation techniques for quality attributes such as Understandable (considering the
degree of nesting between requirements) [10], Organized (number of requirements at
each hierarchical level) and Right level of Abstraction/Detail (considers the specifica-
tion depth, i.e., the number of imperatives in each level of the SRS text structure)
[14,20].
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Table 1. References with Concrete Proposal on Attribute Evaluation Techniques

broperty o | 2] 131 | 161 | 1101 | (111|121 | (23] | (2] | (5] | (18] | (271 | (28] | [a9) | 200 | 210
Achievable x
Annotated by
Relative Importance,
Relative Stability or
Version

Atomic X X X
Complete

Concise

Correct
Cross-Referenced
Design Independent
Electronically Stored
Externally Consistent
Internally Consistent
Maodifiable

Not Redundant
Organized

Precise X
Prototypable
Reusable

Right Lewel of
AbstractionDetail
Traceable

Traced
Unambiguous
Understandable
Verifiable [Testable)

s (e [ o [me | ne | e e [ ue [ne | |
3

F1E]

3
3
3

MEIEIE]
se | |5 [ s

s | | |5 |
5
¢

The use of specific characteristics of the SRS document approach, is applied in as-
sessment techniques related to quality attributes like Complete (considering that cer-
tain sections are present in the SRS) and Organized (considering whether the required
sections are present in the required order and with the content required) [12,13], Con-
cise (considering the size of the SRS) [2,14,20,21], Modifiable (considering the pres-
ence of table of contents and index, and the degree of cohesion and coupling of SRS
sections), Electronically Stored (considers SRS volume that has been clectronically
stored) and Reusable (considers paragraphs in the SRS that exhibit reuse properties)
[2].

Moreover, within the achievable features from SRS document approach, a set of
evaluation techniques for diverse quality attributes is proposed. The attributes are:
Design Independent (number of actual solution system designs that satisfy all re-
quirements of SRS), Achievable (considering the existence of a single system), Proto-
typable (considers whether SRS can be partially written in a executable, interpretable
or prototypable language) Reusable (considering whether the content of the SRS has
been used in subsequent SRS) [2].

Also, the use of specific characteristics of a requirement approach is used for eva-
luating quality attributes like Internally Consistent (considering the use of explicit
references in a requirement) [3], Traceable (considering using requirement unique
identifier) [2,12,13,20], Traced (considering the use of cross-references) [2], Correct
and Verifiable (considering the number of versions of a requirement) [10], Atomic
(considering the size of a requirement) [10].
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Moreover, in the use of requirement deductible characteristics approach, Davis et
al. [2] propose assessment techniques for the quality attribute Verifiable (considering
the cost and time required to verify the requirement).

In the using metrics that calculate the percentage of requirements that meet the at-
tribute in question approach, Davis et al. [2] propose diverse metrics for evaluating
quality attributes such as Externally Consistent, Correct, Annotated by Relative Im-
portance, Relative Stability and Version, Not Redundant. The metrics proposed, in
general, consider the ratio between the requirements satisfying some specific attrib-
ute, over the total number of requirements in the SRS. However, no concrete propos-
als are described by the authors, in order to give guidance over how considering or
identifying the requirements which satisfy each attribute.

In the case of the use of tools in the correct-by-construction paradigm approach,
evaluation techniques are proposed for Traced [12,13], Modifiable, Annotated by
Version and Electronically Stored [13] quality attributes.

Finally, Davis et al. [2] indicate that Organized, Cross-Referenced, and Right Lev-
el of Abstraction/Detail attributes cannot be measured for different reasons. The au-
thors affirm that “organization” is purely subjective and, thus, it cannot be measured.
On the other hand, Cross-Referenced cannot be measured because there is no way to
determine how many cross-references are appropriate in an SRS. In relation to Right
Level of Abstraction/Detail, measuring the appropriateness of the SRS level of ab-
straction is highly scenario-dependent. Moreover, for Up to Date attribute was not
found in the literature any evaluation proposal.

5 Influences between Quality Attributes

The possibility of creating a SRS of reasonable quality exists, but it has to be consid-
ered that most of the quality properties mentioned in this paper have positive or nega-
tive effect on other properties (see Figure 1). Because of this, it is necessary to deter-
mine which quality attributes are most important to the project, in order to achieve
them. Below, the effects between attributes found in the literature analyzed are de-
tailed:

e Generally, requirements considered unverifiable are ambiguous [5,8,10], incomplete
or inconsistent [8,10], or infeasible requirements [8].

e The elimination of ambiguity in the SRS requires adding formality, which is not
understood by people who are not computer experts, for example, users or custom-
ers [2,8,10].

e The less ambiguous is the SRS, the easier its modification [10].

o If a SRS is not complete in terms of objectives, rules, facts, and constraints of the
problem domain, then it is considered incorrect for that domain [9,10].

e Exceeding the completeness of the SRS causes losing conciseness [2].
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Fig. 1. Influence between quality properties.

e It is not always possible to significantly reduce the SRS size without negatively
affecting other quality attributes [2].

e [f a SRS is inconsistent, then the client cannot confirm that requirements effectively
express the system that responds to their needs, i.e., its correctness [10].

e A SRS is more modifiable if it is traceable, organized, cross-referenced and stored
electronically [2].

e Traceability facilitates correctness [5] and verifiability [10].

e Requirements not understood are not verifiable and its correctness may not be vali-
dated [10].

e The redundancy is often used to increase readability of the SRS. Furthermore, re-
dundancy can negatively affect the modifiability, since not changing all occurrences
of a redundant requirement generates an inconsistent SRS [2].

e A non-atomic requirement has the risk of excessive detail, and thus, may affect
design independence [10].

e Atomicity influences requirements precision and traceability [10].

¢ Design independence can help verifiability. The presence of requirements technical
details is more difficult to verify and modify [10].

e A more precise language helps to write more complete, consistent, understandable
and unambiguous requirements [10].

Figure 1 resumes the influences among quality attributes previously described. In
addition, it can be noted that no dependencies can be found for some attributes, due to
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it is possible to reach them without affecting other attributes. They are: Reusable, Up
to Date, Annotated, Prototypable and At Right Level of Detail.

6 Conclusions

In this work, an exploratory analysis of various proposals for quality attributes evalua-
tion of a SRS was performed. On the one hand, there exist different quality models for
SRS. In the ones analyzed, some characteristics are worth to note. Firstly, some of the
attributes are used by most models, for example, unambiguous and complete. Sec-
ondly, there are attributes which are considered separately by some authors, while
others use them together, aggregated in a single attribute, e.g., Traced and Traceable.
Additionally, other attributes, although being the same, are differently referenced by
some authors: for example, Independent Design is also called Abstraction. Finally,
some attributes are only used by the author who defines it, for example, Up to Date.
Furthermore, it is clear that some attributes are applicable to the entire SRS, while
others apply only to individual requirements.

On the other hand, there are many proposals describing approaches for SRS quality
attributes evaluation. Some of them are only conceptual and, therefore, difficult to
automate, since they require a high degree of human reviewers intervention. Other
proposals describe tools implementations in different technologies that pose heuristics
or metrics for just some quality attributes. Usually, this assessment only can be
achieved with the technology used and, in many cases, does not cover all possible
cases or have certain shortcomings that require optimization.

To conclude, is important to note that the definition of heuristics, metrics and/or
objectively measurable indicators is needed in order to cover all possible cases for
requirements and SRS quality attributes evaluation in a software project. It is also
required the construction of a supporting tool for implementing these defined heuris-
tics, metrics and indicators, so an automatically assessing can be performed for ob-
taining quality SRS. This constitutes the main goal for future research in this area.
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Abstract. There are several possible representations for stakeholder
requirements, such as goal models, scenarios, and natural language. This paper
analyzes the use of an enterprise model as a stakeholder requirements model.
We conducted a quasi-experiment with 29 graduate students who received
either a textual problem statement or an enterprise model, representing the
stakeholder requirements, and refined it into use cases, representing the
software requirements. The subjects were evaluated considering the use case
quality and the time spent, for two different scopes. The results indicate that the
mean quality of the use cases created using an enterprise model was equal to or
greater than the mean quality of the use cases created by the other groups. In
addition, the mean time spent to create a use case using an enterprise model was
equal to or less than the mean time needed for the other groups.

Keywords: stakeholder requirements, enterprise model, use case, experiment.

1 Introduction

ISO 29418 [6] differentiate three levels of requirements: stakeholder requirements,
system requirements, and software requirements. Stakeholder intentions (needs, goals,
and objectives) are refined into stakeholder requirements that describe "the intended
interaction the system will have with its operational environment" [6, p.19]. These
requirements are transformed by a requirements engineer into system requirements,
based on the organization, the environment, and other constraints (this process is
called refinement by Jackson and Zave [13]). System requirements represent a
technical specification for the system. Therefore, they must be measurable, but they
must avoid describing implementation details. Some system requirements may be
allocated into a software element of the system, resulting in software requirements.
There are several possible representations for stakeholder requirements. For
instance, stakeholder requirements can be represented using goal models, scenarios,
or natural language. Another possible representation of stakeholder requirements is an
enterprise model, describing the environment as the stakeholders would like it to be
[11]. This possibility seems to be even more appropriate given the content of the
stakeholder requirements specification (StRS) defined in ISO 29148 [6]. Even though
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an enterprise model may not contain all the StRS information, it could be used as a
partial description of the stakeholder requirements.

In order to analyze the use of an enterprise model as a stakeholder requirements
model, this paper presents a quasi-experiment — i.e., an experiment in which the
participants are not randomly assigned to the treatments. It considers software-
intensive systems, in which software requirements are almost all the system
requirements. The experiment investigates the impacts of using this model during
stakeholder requirements refinement, analyzing the quality of the resultant software
requirements and the time spent to create it. Among the possible representations of
software requirements we selected use cases due to its popularity. Therefore, the
experiment evaluates use case quality and the time spent to generate it in order to
analyze the adequacy of using an enterprise model during requirements refinement.

The paper is structured as follows: Section 2 presents the related work. Section 3
presents the experiment planning. Next, in Section 4, it is presented the experiment
results and analysis. Finally, in Section 5 we discuss the results and present our
conclusions, including proposals for future works.

2 Related Work

Few approaches propose using an enterprise model as a stakeholder requirements
model, for instance the approaches proposed by De La Vara, Sanchéz and Pastor [4],
and by Molina et al. [7]. These approaches propose methods to manually refine
enterprise models into use cases, considered as a software requirements model.
However, they do not analyze experimentally their method.

There are some experiments that evaluate the use case quality, in general to
investigate the use of guidelines in use case authoring [1, 2, 3, 9]. Consequently, these
studies analyze the approach used to generate the use cases — and not the model used
as input, as described here. A similar experiment that evaluates the input model is
presented by Yue, Briand, and Labiche [12]. It evaluates the quality of the analysis
model created from use cases in order to analyze an approach for use case authoring.
However, it analyses a different task in the software development process.

3 Experiment Planning

The experiment's goal is to analyze if the use of an enterprise model as a stakeholder
requirements model affects the quality of the resultant use case model, used as
software requirements, and the time spent to create it. Based on this goal, we
formulated the following hypotheses:

H1. The quality of a use case obtained by refining an enterprise model is equal to
or greater than the quality of the use case obtained considering a textual
stakeholder requirements model.

H2. The time spent to create a use case model by refining an enterprise model is
equal to or less than the time spent considering a textual stakeholder
requirements model.
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Therefore, if both hypotheses are true, then it can be concluded that there are no
negative impacts in using an enterprise model as a stakeholder requirements model.

3.1 Context

The experiment was conducted with graduate students of the Software Technology
course at the Continued Education Program in Engineering (PECE) of the Polytechnic
School of the University of Sdo Paulo (USP). The subjects were 29 students at the last
period of the course. They had already concluded a Requirements Engineering
discipline, which covered use case modeling. The students also had an overview of
business process modeling during another discipline. The experiment was conducted
during a discipline, but the results were not used to grade the subjects.

3.2  Experiment Design and Operation

Table 1 presents the experiment design considering the stakeholder requirements
model used and the project scope, which were chosen as factors. The factor
"stakeholder requirements model" was divided into three groups: Textual (using a
textual problem statement); Enterprise Model (using an enterprise model created by
another subject); and Both (creating first an enterprise model and then the use cases,
thus using both stakeholder models). The other factor, the project scope ("Project"),
considered two alternatives: a Bank Teller (ATM) and a Video Rental Store (Video
Store). When possible, the values and the overall experiment were based on similar
experiments [1, 2, 3, 9, 12], thus allowing future comparisons.

Table 1. The experiment design and the number of subjects for each treatment.

Stakeholder Requirements Model

Textual | Enterprise Model | Both
ATM 5 5 4

Video Store 5 5 4

Project

First, all subjects watched a 10 minutes presentation about business process
modeling. Then, they answered an initial questionnaire covering the independent
variables regarding the knowledge and the experience of the subjects.

The subjects were divided into 2 groups. The Group 1 corresponds to the subjects
for Textual and Enterprise Model, and the Group 2 corresponds to subjects who
created the enterprise model. As there was no time available to evaluate the subjects'
responses to the initial questionnaire, they were assigned to these groups considering
their seating arrangement in the classroom. The subjects for the Group 1 received a
problem statement presenting textually the stakeholder requirements. They were
requested to create a use case in one hour. The subjects for the Group 2 received the
same problem statement as the other group and a description of the environment as-is
(which is domain knowledge). They were requested to create the enterprise model as-
is and to-be in one hour.
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In a different day, the subjects from the Group 1 received an enterprise model
created by another subject and considering a different project scope from the previous
activity. They were requested to create a use case in one hour. Part of Group 2
received the enterprise model he/she created, and the original problem statement.
They were requested to create a use case in one hour.

The models (use case and enterprise) were created manually by the subjects. The
enterprise model was created considering a simplified version of the metamodel
described in [11], while the use cases were described using a template based on the
meta-model proposed in [10]. As some subjects needed to use the enterprise model
created by another subject, the experimenter used a tool [11] to represent all the
enterprise models created, in order to avoid influences or misunderstandings.

Based on the experimental hypotheses, the results of the experiment are evaluated
by two dependent variables: the quality of the use case created, and the time spent to
create the use case. To evaluate the use case quality, this work uses the seven quality
factors to help use case communication, proposed by Phalp, Vincent, and Cox [8]. In
order to use a more objective evaluation, we defined criteria for each quality factor
and sub-factor. Each sub-factor is graded from O to 5, and the maximum grade is 65,
as there are 13 sub-factors.

4 Experiment Results and Analysis

On average, the subjects needed 46 minutes to create the use cases in the ATM scope,
obtaining a score of 60.47. On the Video Store scope, the average time spent was 42
minutes and the average score 61.49. Analyzing the data, it was found two outliers,
which were discarded from the analysis.

Each hypothesis will be analyzed separately for each scope and control group
(Textual and Both). As a result, eight experimental hypotheses were formulated. They
will be tested using a Wilcoxon test [5], with a 0.05 significance level («).

Table 2 presents the summary of the Wilcoxon test results for the four
experimental hypotheses regarding the use case quality (H1). All the alternative
experimental hypotheses compare if the mean quality of the group Enterprise Model
(Ugg) is less than the quality of the groups Textual or Both (por and pgg ,
respectively). Considering the format of the Wilcoxon test presented in [5], the null
hypothesis of HE1 and HE2 can be rejected if the rank sum is less than or equal to the
rejection value. On the other hand, the null hypothesis of HE3 and HE4 can be
rejected if the rank sum is greater than or equal to the rejection value.

Table 2. Results of Wilcoxon test for hypothesis H1.

Experimental | Project Null Alternative | Rank | Rejection | Reject Null
Hypothesis Scope | Hypothesis | Hypothesis | Sum Value hypothesis
HE1 Hor = Hor | Hor < Hor 27 13 No

ATM
HE2 Hop = Hop | Hor < Hgp 17 12 No
HE3 Video | Mor = Hor | MHor > Mor | 21 27 No
HE4 Store Uop = Hor | Hop > Mok 22 27 No
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It is not possible to reject the null hypothesis for all experimental hypotheses.
Therefore, the hypothesis H1 cannot be rejected. In other words, it indicates that the
use of an enterprise model as a stakeholder requirements model did not resulted to
lower quality use cases.

Table 3 presents the summary of the Wilcoxon test results for the four
experimental hypotheses regarding the time spent. The alternative hypotheses
consider that it is faster (demands less time) to create use cases for Textual and Both.
For the group Both, only the time spent creating the use case was considered. The null
hypothesis of HES and HE6 can be rejected if the rank sum is greater than or equal to
the rejection value. On the other hand, the null hypothesis of HE7 and HE8 can be
rejected if the rank sum is less than or equal to the rejection value.

Table 3. Results of Wilcoxon test for hypothesis H2.

Experimental | Project Null Alternative | Rank | Rejection | Reject Null
Hypothesis Scope | Hypothesis | Hypothesis | Sum Value hypothesis
HES ATM  |Hre = Hrr | B > Brp 10 27 No
HEG6 Ure = HUrp | Mg > Hrp 11 24 No
HE7 Video | prr = pirg | prr < Urp 19 13 No
HES8 Store Urg = Urg | Urp < Urp 24 13 No

None of the four null hypotheses could be rejected. It indicates that the use of an
enterprise model as a stakeholder requirements model did not demanded more time to
create the use cases. That is, hypothesis H2 cannot be rejected.

5 Discussion and Conclusion

This study presented an experiment to analyze the use of an enterprise model as a
stakeholder requirements model. The analysis considered the quality and the time
spent to refine an enterprise model into software requirements, which were
represented with use cases. The results obtained by subjects who created the use cases
based only on an enterprise model (group Enterprise Model) were compared with the
results obtained by two groups: subjects who received a textual problem statement
(group Textual), and subjects who received both a textual problem statement and an
enterprise model they created earlier (group Both). Additionally, experiment had two
scopes, ATM and Video Store.

The results indicate no negative effect in the use case quality when using an
enterprise model. For both scopes the mean quality of the use cases was equal to or
greater than the mean quality of the use cases created by the other groups. The results
also indicate no negative effect in the time spent when using an enterprise model as a
stakeholder requirements model. For both scopes the mean time spent to create a use
case using an enterprise model was equal to or less than the mean time needed
considering a textual problem statement. Nevertheless, there are threats to the validity
of this experiment. The most important threats are the small statistical power and
some limitations of the experiment setting (time constraint, the scopes, the use of
students, and the generation of only one use case). Another important threat is that the
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subjects for the treatment Textual did not receive information about the environment
as-is, as it was not considered useful for their activity.

Other analysis must be done before recommending the use of an enterprise model
as a stakeholder requirements model in real projects. Other experiments must analyze
if these results are true when generating more than one use case (a complete use case
model) and real scopes. In addition, a case study or an experiment analyzing an
industrial setting must be executed. Anyhow, the results obtained in this experiment
motivate further analysis.
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Abstract. In this paper we report the adoption of use cases by a small
organization in a university setting. Use cases were first introduced in the
middle of a huge project and adopted thereafter for later projects. The paper
mostly focuses in the first experience, whose most interesting characteristics
were the large size of the resulting specification, the fact that it took place once
the project had started (for documentation purposes instead of driving the
development) and the limitation that resources allocated were not as much as
required. We present the lessons learned from this experience.

1 Introduction

Use cases [1, 2] are widely accepted artefacts for describing the functional behaviour
of a system. As a particular model of the specification, use cases are supposed to be
defined in advance to the system itself (or more accurately, from an iterative point of
view, a functionality should not be implemented before the use case that describes it).

We report an experience of adoption of use cases in a small organization. Use
cases were introduced in the context of a particular project where the assumptions
above failed. The undertaken project was the specification, for documentation
purposes, of a large system, and it was developed in an organization that never before
had used scenarios or use cases. The specification started more than one year after a
first prototype of the system was deployed. Due to scheduling and budget constraints,
resources were not allocated as required. We show which concrete problems
appeared, and how they were tackled. We finally give some lessons learned.

The project ran at the PRISMA organization, a UPC unit focused on delivering
software for the university. PRISMA, with 23 employees, is a typical example of
small organization. Its first mission was to produce the PRISMA information system
for providing an integrated management of academic data. A quality team was
constituted (the authors of this paper). It was composed of two groups, one coming
from the PRISMA organization itself, and the other by some researchers coming from
the Software Engineering for Information Systems research group (GESSI) at the
UPC. The collaboration embraced several activities, and building some UML
artefacts [3] was one of them.

! This work has been partly supported by the Ministerio de Ciencia y Tecnologia and FEDER
under project TIN2010-19130-C02-01.
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2 Departing Situation and Decisions Made

Developing a UML documentation was not scheduled from the beginning of the

quality assessment activity. The project manager took the decision of using UML for

four purposes: (1) to validate systematically the suitability of processes and data, (2)

to create a high-level documentation for future maintenance of the system, (3) to

provide a view understandable for other prospective users, and (4) to obtain a “UML-
label”, considered a strategic goal by PRISMA managers for disseminating and trying
to sell the product to other universities.

The use case specification was a milestone of this UML documentation. Due to the
size of the project, it was foreseen to be a challenging activity. The use case
specification started once a first prototype of the system was already running in some
pilot schools. At that time, the PRISMA software engineering group was developing
new functionalities and supporting the pilot schools. Due to the small size of the
organization, the use case developer role was played by software developers. They
had less time than required to write the use cases and they did not perceive use cases
specification as important as implementation.

Due to these conditions, we (i.e., the quality team) took the following decisions:

o We prioritized the use cases because the manpower allocated to this task was not
enough to develop all of them in detail. We considered as prioritisation units the
modules that were already defined as PRISMA main functional areas.

e We wrote a very prescriptive use case template. We analysed some classical, well-
established proposals (remarkably [4, 5, 6]), and developed a style sheet.

e We defined a methodology to develop the use cases, with special emphasis in
stepwise refinement and linkage with the requirements management part.

e We designed tool support for the methodology. This tool support put together the
previously selected Visure Requirements tool, which was used to write the use
case diagrams, with Lotus Notes for writing the individual use cases.

e We designed a procedure for requirements change management. The procedure
covered both the organizational side (e.g., who is in charge of doing what) and the
technical side (e.g., how to use the tools to ensure consistency).

In this paper, we will focus on the first two issues.

3 Use Case Prioritization

The first decision we took was to divide the use case specification activity into two
phases. The first phase, within project development yet, consisted in documenting
some designated modules, whilst the second one aimed at finishing the specification
during the first months of the project maintenance phase.

During the first phase, the prioritization criteria we used were: significance of the
addressed functional areas and, within them, those functionalities that were more
stable. Both “significance” and “stability” are fuzzy concepts, therefore we undertook
a joint analysis with the development manager. Four modules were designated as the
most significant because of their highly strategic nature and their large size: Students
and Files, Registration, Evaluations and Economic Management. Between them, the
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first two were pointed out as the most stable. We were in charge of developing the
specification for them, interacting with the developers as questions arose. This kind
of smooth interaction turned out to be very important for overcoming the barrier
among developers and the quality team (see Section 5).

Once the running system became more stable and developers more available, the
second phase started. Then, the rest of functional areas (i.e. University Programs
Management, Undergraduate Final Projects, Teaching Management and Information
Management) were documented in parallel by the developers under our direction.

4 Use Case Template

We proposed a template to establish the items that have to be included in a use case
description. Together with the template we had the purpose of providing a clear
definition of its key concepts, such as primary actor, stakeholder, etc., to facilitate its
use by developers and create a common understanding in the organization. Altogether
was encoded in a conceptual model with a glossary, which in fact can be considered a
kind of ontology for our use cases.

In Fig. 1 we present a simple use case example from the PRISMA project. This use
case has several extensions though only one is included below. The template is
mostly based on Cockburn’s fully dressed use case format [4] with the exception of
the last two items: use case data definitions and auxiliary definitions.

Use case data definitions simplify the description and maintenance of use case
scenarios where some long list of related data is referred to, by allowing the definition
of composite data. In the PRISMA project, the data was synthesised basically from
the data base definition and the user interface, which at some times exhibit some
discrepancies; building the use cases was a good opportunity for detecting and
solving them. Enclosing data definition in a separated data definition section
facilitates the quick reference to this set of elements and increases understandability
and modifiability of the use case while reducing its size. In addition, it facilitates
maintenance because, if there is any change in personal data elements, a single
definition has to be modified. In a similar way, auxiliary definitions simplify the
description of use case steps where a complex calculation is performed or a complex
term is used. For instance, in the first category falls the computation of the final mark
of a student, a weighted sum taking into account marks, credits, type of course, etc.
These two components are not part of the use case itself, they are separated and
therefore may be referred from several use cases. References to them are underlined.

Use case understandability and independence from GUI were considered of special
relevance for the purposes of the project. We considered many recommendations for
use case development, most of them extracted from [4], to fulfil these goals. We
found especially useful those related with lexical and syntactic conventions.
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Use Case Name: Modify the data of a student.
Primary Actor: School.
Scope: Academic Record Management System.
Stakeholders and interests:
School: Wants to have available up-to-date data from its students.
Student: Wants the School have their data up-to-date.
Wants no one else gain access to their data.
Precondition: None.
Minimal guarantees:
When a student data is updated, his/her student identifier is not updated in such a way that
another student with the same student identifier exists in the system
Success guarantees: Student’s data has been updated.
Trigger: The School has a change request form filled by a Student.
Main success scenario:
1. The School indicates to the System the search identifier of the student whose data has to be
updated.
2. The System shows to the School the Student personal data and Student access data.
3. The School indicates to the System the updates of these data of the Student.
4. The System registers the updated data of the student.
Extension: Wrong student identifier update.
Condition: The School has indicated an update of the Student identifier and there already
exists another Student with the indicated new value.

Step: 4

Scenario:

1. The System communicates to the School that the Student identifier cannot be updated
because there already exists another Student with the indicated new Student identifier.

2. Go to step 3 from main success scenario.

Use Case Data:

Student personal data: DNI, entry date, surname, name, birth date, country of birth, nationality,
family address, address during semester, username, password, email.

Access data: access year, access semester, title, access date, access type, access mark.

Auxiliary definitions:
Search identifier of the student: DNI, passport or name and surname.
Student identifier: DNI or passport

Fig. 1. Example of use case

5 Lessons Learned

We summarise in this section some lessons learned that may be considered the
scientific outcome of our experience and that we summarize in this section. We have
focused on lessons about: 1) criteria that affect the general appearance of use cases;
2) project management with use cases; 3) technical aspects of use case definition.

Lessons on use case design criteria:

Lesson 1. Do not get rid completely of the existing implementation.
e It is necessary to take into account the general structure of the solution (not the
user interface).
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e Define packages in the use case model which correspond to main system areas.
This makes easier the involvement of the development people.

e Use navigational maps to identify includes and alternative courses.

e Use forms to check whether all relevant data is included in the specification.

Lesson 2. Give preference to robustness over accuracy for dealing with small

variations of business processes.

e Useful in cases such as ours, in which different units of an organization have
essentially the same business processes but differ slightly in their implementation.

e By using abstract actors, the number of use cases dramatically decreases, because
it is not necessary to differentiate the several variants.

e Future changes in these details may not imply changes in the use case template.

Lessons on project management:

Lesson 3. Prioritise use cases if resources are insufficient.

e When it is obvious that resources are not enough to develop all use cases, which is
often the case for small organizations, it is preferable to perform an explicit task
of prioritization than to leave this undefined.

e Define criteria for the prioritization of use cases. It is important to provide a
rationale for prioritization decisions. In our experience, strategic relevance of use
cases, stability and size were used (see Section 3). Criteria should be as objective
and measurable as possible.

e Group use cases in prioritization units and apply criteria.

Lesson 4. Do not start to write the use case specification until a template has been

defined. Otherwise, chances are that some work has to be redone.

e The large size requires a uniform style to write, learn, validate, compare, etc., in
an easy way.

e Skills are acquired more quickly and productivity increases.

e Facilitates the writing of a checklist that makes possible the verification of the use
case properties.

The template shall define both the parts of the use case and syntactic conventions.

Lesson 5. Introduce use cases smoothly in the organization. In a small organization,

introducing a new activity or artefact is especially tough.

e Try to involve developers by encouragement instead of obligation. Try to find
quickly some advantage of using use cases applied to a developer problem.

e Provide templates, methods, procedures, etc., in a very plain way with well-
defined steps and parts.

e Do not force the developers to learn new tools further than necessary.

Lesson 6. Monitor continuously use case models to reduce risks. Among the most

characteristic issues to monitor, we have:

e The need of abstracting from the user interface details, for avoiding commitment
to a specific style of data communication.

e The need of distinguishing the scope, because system requirements do not focus
on actor-actor interactions, which become of interest when writing use cases.
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e Writing use cases in parallel with system implementation is hard. Functionalities
evolve, some parts (e.g., data forms) are not updated timely, etc. Therefore
validation is continuously needed.

Lessons on use cases technical aspects: We emphasize which are the most critical
aspects (from those described in Section 4) that contribute to use case
understandability and to save use case development resources.

Lesson 7. Introduce mechanisms to define the structure of system data and a glossary
for domain-specific terms.

e Makes the specification self-contained by encoding knowledge about the domain.
Ensures coherence among different use cases.

Makes use cases text (and thus their development time) shorter.

Supports validation with existent GUI forms.

Supports maintenance with respect to changes in data or domain definition.

Lesson 8. Do not abuse of use case relationships.

e With large specifications, too many relationships make the structure of the
specification difficult to understand.

o Workflows referred to change management get complicated: a change on a
requirement makes it difficult to detect all the use cases that are affected.

e They raise some minor technical points: linkage among the included and the one
that includes, incorrect use of preconditions, etc.

6 Conclusions

We have presented some relevant issues of the process followed for introducing use
cases in a small organization. The experience can be considered successful. A very
complete use case model was built for the first project fulfilling the goals enumerated
in Section 2. The developers inside the PRISMA organization were a bit sceptical
with respect to use case modelling. However, we overcame the difficulties found
during this long process and at the end they found use cases useful. The organization
recognized the convenience of use case models and they are using them in the
ongoing projects.
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Abstract. When crosscutting concerns identification is performed on the activi-
tiesinvolved in requirements engineering there are many gains in terms of qual-
ity, cost and efficiency throughout the lifecycle of software development. How-
ever, despite these gains, this identification faces severa difficulties such as the
lack of systematization and tools that support it and the difficult to justify why
some concerns are identified as crosscutting or not, since this identification is
often made without any methodology that systematizes and bases it. In this con-
text, this paper proposes and evaluates an approach based on Grounded Theory,
called GT4CCI, for systematizing the process of identifying crosscutting con-
cerns in requirements document. Through the use of GT4CCI it is possible to
better modularize the requirements document, make it more consistent, detect
possible failures and improve traceability among requirements, adding signifi-
cant gains in terms of quality and reliability to crosscutting concerns identifica-
tion and to regquirements engineering.

Keywords. Grounded Theory, Crosscutting Concerns Identification, Software
Modularity, GT4CCI, Crosscutting Concerns Approach.

1 I ntroduction

According to [1], identifying and documenting crosscutting concerns in the beginning
of the software lifecycle, in phases involved in requirements engineering, is essential.
This action provides significant improvement in requirements traceability, facilitates
the evaluation of the impact of changes in the system, facilitates requirements evolu-
tion and improves the modularization of the system, among other advantages. Accord-
ing to [2], despite all these favorable points, the crosscutting concerns identification in
the initial stages of the software development process has been neglected in most
software projects. This neglecting is mainly caused by the absence of habit of apply-
ing this kind of identification and by the lack of methodologies that basis this identifi-
cation.

Considering the difficulties in identifying crosscutting concerns during the re-
quirements engineering and, more importantly, the need to justify why some concerns
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are considered crosscutting, we present a new approach, called GT4CCI, which or-
ganizes and supports this process, making it more grounded. GT4CCI is based on the
analysis process proposed by Grounded Theory [9], a renowned and well known
methodology originate from the social sciences that enable qualitative analysis of data
by codifying these data. The use of Grounded Theory (GT) adds the following signif-
icant gains in the process of crosscutting concerns identification:

e GT is based on contextual analysis of data, making analysis more complete and
consistent, since it takes into account the context in which the concern is embed-
ded;

e GT bases its results on the data existing on the document analyzed, consequently
the results obtained through its use can be easily traced in this document;

e GT does not limit its use to documents that are previously structured in accordance
with established standards. This means that GT allows the analysis of any require-
ments document already devel oped;

e GT does not restrict the data to be analyzed. This means that analysisis not limited
to one type of concern, for example non-functional requirements or use cases, ig-
noring the other concerns present in the document. The use of GT alows the anal-
ysis of any relevant item, or part of the requirements document;

e There aretools that support to the process proposed by GT and that automate some
of its activities. In this work, we have used Atlas.ti Tool [10].

GTA4CCI approach uses the requirements document as input for the analysis and
identification of crosscutting concerns. Thus, the main goal of GT4CCI isto systema-
tize and improve the process of identifying these concerns. By the use of this ap-
proach is believed that there are gains in highlighting the intrinsic complexity of some
concerns, which are scattered and tangled on requirements document, and warning the
analyststhat it is necessary to analyze these concerns more carefully.

Some approaches, such as Theme/Doc [3], DISCERN [2], Early-AIM [7] and
CCCINPL [8], have been developed for the purpose of systematizing the identifica-
tion of crosscutting concerns on the more initial steps of the software development
process. However, these approaches have some limitations, best exposed in section 5
of this work. Consequently, GT4CCI is an aternative to these approaches, since the
gain brought by the use of Grounded Theory decreases some of these limitations.

In order to present the GT4CCI approach, this paper is organized as follows. Sec-
tion 2 presents a Toy Example, which serves as a basis example for demonstrating the
use of GT4CCI. Section 3 presents the GT4CCI approach, detailing each of its steps
and presenting the results generated from the use of the approach in the Toy Example.
Section 4 presents an experimental study applied to evaluate the approach GT4CCI.
Section 5 presents and compares some related work and GT4CCI. Finaly, Section 6
contains final remarks and future work.
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2 A Toy Example Crisis Management Systems

In order to facilitate understanding and to demonstrate the process defined by the
GT4CCI approach, the requirements document of Crisis Management Systems[11] is
used as a Toy Example in the section below.

Crisis Management Systems (CMS) is a requirements document defined as a
standard case study used by researchers on aspect- oriented modeling. This document
was firstly defined and used in the Transactions on Aspect-Oriented Software Devel-
opment VII (TAOSD), published in 2010 [11]. CMS describes the requirements and
defines a system that helps identify, assess and deal with crisis situations, alowing
communication between all parties involved in managing the crisis. This is done
through the allocation and management of resources and also through access to in-
formation concerning the crisis, made by allowed users.

This requirements document is composed of eight sections. The first section pre-
sents an overview of the system. The second section describes al requirements for
this system. Section 3 presents the feature model. In Section 4 are presented all use
cases involved in the system. The following sections of this document present the
Domain Model, the Activity Diagrams and the Informal Physical Architecture De-
scription. Finally, in the last section, the Selected Design M odels are presented.

The data considered most important in the document CM S were analyzed and cod-
ed by the GT4CCI approach in order to make the identification of crosscutting con-
cerns. Thus, specia attention was given to the sections relating to the description of
use cases and detailed description of system requirements, since they are more geared
to the objective of this work, containing the information about the requirements of
this system. A part of the results from the application of GT4CCI in the Toy Example
are presented and discussed in the following sections.

3 GT4CCI Approach

GT4CCI — acronym to Grounded Theory for Crosscutting Concerns ldentification - is
an approach based on the process of collection, analysis and data coding proposed by
Grounded Theory (GT). GT is amethodology, arising from the social sciences, which
is based on qualitative analysis of data and data coding in order to determine the rela
tionships among them. Following and adapting the process proposed by this method-
ology, it is possible to extract information that facilitates the establishment of rela-
tions between relevant points of a requirements document. As aresult, it is possible to
identify which of these points are scattered and tangled, determining whether they
may be said crosscutting concerns.

The process proposed by GT4CCI consists of five steps: Open Coding, Axial Cod-
ing, Selective Coding, Graph Analysis 4CCl and Results Table Creation. Figure 1
shows the flowchart of the process proposed by GT4CCI. It is important to note that
the first three steps are original of the GT, while the last two steps are defined by the
approach GT4CCI. These two steps are used to accommodate the identification and
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documentation of crosscutting concerns. Each of these steps are detailed and illustrat-
ed in the following subsections.

Requirements

Document
i hvd vl
Selective Graph Analysis Results Table A
O »| OpenCoding |5 axialCoding |-»t CEINE -{ D e } { i ]”‘@
5 7 & L o 5P
New document MNew document Graph of the Cr;:ss(utti.ng Do;umenbhon
with coded with codes, core Concerns Table
concerns established category and Identified
relations relations

Fig. 1.Flowchart of the GT4CCI Process

3.1 Open Coding

GTA4CCI approach isinitiated by applying the Open Coding, that has the requirements
document as input. In this step, al the relevant data in this document are analyzed,
compared and coded. Consequently, all the requirements and other relevant infor-
mation outlined in this document are analyzed and codes are created for each of these.
These codes are created in order to identify and register the data considered relevant
in the document analyzed and they are to be treated in the next step.

23 Non-functional Requirements of the CRS

®  Availability 2% fwailahility

- The systera shall be in operation 24 howurs a day, eversrday, without break.

(.

- Iaintenance shall be postponed or interrupted if' a crisis.... % Maintenance Postponed
®  Security 2% Security

- The systemn shall define access policies for various classes. ..

(.

- &l corarenirdcations in the syster shall use secure channels. .. % Security Communications
C..)

4.2 Textual Use Cases

* 421 Resolve Crisis

Use Case 1: Besobe Crizis 2% UCL: Resalve Crisis

Main Success Scenario:

1. Coordinator captures witness report {(UC 2. % UCZ: Captures Witness Report
1a. Coordinator is not logged in.

1a.1 Coordinator authenticates with Systera (UC 10). 2'2 UC10; Authentication

[

13. Coordinator closes the file for the crisis resolution.
s case ends in success.

(..

Fig. 2. Open Codingin CMS

35



36

CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

In our Toy Example, codes were created to identify each concern specified by
CMS document. Figure 2 presents the results generated by open coding in only a
small part of this document. This part is related to two non-functional requirements
(Availability and Security) and a one textual use case (Resolve Crisis). In the right
side of Figure 2 are the codes created for each concern identified in this section. It is
possible to see in this figure, for example, the code ‘ Availability’, created for the con-
cern Availability and the code ‘UCL: Resolve Crisis', generated for the Use Case 1. Is
worth mentioning that all concerns identified in the CM S document were also coded,
although not shown in Figure 2.

3.2 Axial Coding

After establishing codes during the Open Coding, presented in the previous subsec-
tion, the coded requirements document is submitted to the Axial Coding. In this step
are establishes the relations between the codes previously created.

These relations are established through connectors. Each connector identifies the
type of relationship between two codes. In GT4CCI two special connectors are used:
the connector ‘is part of’, that indicates that a code is tangled within another and the
connector ‘is in’, that indicates that a code is scattered. The establishment of these
relations in the document, however, is done by the user with the support of Atlasti
tool, once it provides a Codes Manager, which supports the establishment of relation-
ships between these codes. For instance, considering the CMS, the relation between
the codes 'UC1: Resolve Crisis' and 'Security' is established. In accordance to infor-
mation extracted from the requirements document, 'UC1: Resolve Crisis' is related to
'Security' through connector "is part of" which means that UC1 is tangled within non-
functional requirement Security.

Is worth noting that, in addition to the relationship between these two codes, rela-
tions with other concerns of CMS were also established. These relationships are ex-
plained by the graph, generated for each of these codes, in Selective Coding.

3.3  Selective Coding

After Axial Coding, the Selective Coding is applied to the requirements document,
which were defined the relationships among codes. At this stage of the process (estab-
lished by Grounded Theory), the entire coding process by which the document in
guestion has already been submitted is refined. This refinement consists in analyzing
the whole document and codes defined and, thereafter, set the core category. The core
category isthe most relevant code of analysis, from which a graph is generated, show-
ing all relations between this and other codes, established in the preceding steps.

It is also important to note that GT4CCI treats each code individualy, in order to
facilitate the understanding and visualization of relationships established with them.
This means that each code is subjected to Selective Coding in an individual way, so as
to be regarded as core category of analysis. Consequently, a graph presenting the
results of coding process is generated for each category. Figure 3 illustrate the graphs
generated for two categories that we defined for CMS, * Security’ and ‘UC1:Resolve
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Crisis, respectively. These graphs were automatically generated for Atlas.ti tool, and
explained in next section.

The graphs generated in this step are analyzed in detail in the next step of the
GTA4CCI: Graph Analysis 4CClI.

34  Graph Analysis4CCl

In this step, entirely conceived by GT4CCI approach, the graphs generated to the core
categories are carefully analyzed in order to identify crosscutting concerns. This anal-
ysis is based on the relationships between the codes presented in graph in order to
identify and determine whether the core category may or may not be said a crosscut-
ting concern. For the correct identification, GT4CCI sets some basic guidelines:

e The identification of crosscutting concerns is made by verifying scattering and
tangling of the codes defined for a requirements document;

e A concern is considered scattered when its specification is necessarily scattered
between many others concerns (whether requirements, use cases, functionalities,
etc.) of the same document. This scattering is represented by at least two relations
‘isin’ between the core category and other codes;

e A concern is considered tangled when its specifications is interleaved with the
specifications of others concerns (whether requirements, use cases, functionalities,
etc.) in some parts of the same document. This tangling is represented by at least
two relations ‘is part of” between the core category and other codes;

e Thus, GT4ACCI approach considers crosscutting concern, that concern is the origin
point of at least two relations ‘isin’ and the target of at least two relations ’'is part
of’.

It is essentia to highlight that the data analyzed are not restricted, for example, to the

description of the requirements and use cases, as in many other approaches. In the

case of GT4CCI approach, any data considered relevant within the document can and
should be analyzed. The more points in the document are analyzed, the higher the
quality and reliability of the conclusions reached at the end of the analysis process.

The left top of Figure 3 presents the graph generated from the step of Selective
Coding to the code 'Security'. From the analysis of this graph, it is possible to see that
the core category 'Security’' is scattered as it is associated with many other concerns of
this system through 'isin' relations. Thus, this category can be said tangled, since it is
target of many ‘is part of’ relations. This way, according to the concepts adopted by
this approach and considering only a part of CMS requirements document, the non-
functional requirement Security is a crosscutting concern, since it can be considered
both tangled and scattered.

Continuing with the CMS Toy Example, the right top of Figure 3 shows the graph
generated for 'UCL: Resolve Crisis. In this case, can be seen that 'UCL: Resolve
Crisis' is considered tangled, since it is associated with many others concerns of this
system through connector 'is part of'. This core category is also considered to be scat-
tered, since it isthe origin of many ‘isin’ relations. Thus, it is possible to affirm that
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the Use Case 1, present in the CMS, is a crosscutting concern since it has both the
scattering and tangling characteristics.
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Fig. 3. Graphs of core categories ‘ Security’, ‘UC1: Resolve Crisis' and ‘UC7: Execute Rescue
Mission’

Finally, the bottom of Figure 3 shows the graph generated for 'UC7: Execute Rescue
Mission’, from the CM S documents. From analysis of this graph, it is possible to see
that the core category 'UC7: Execute Rescue Mission' istangled as it is target of many
'is part of' relations. However, this category cannot be said scattered, since it is not
associated with any other concern of this system by any ‘isin’ relation.

This way, according to the concepts adopted by this paper, it is possible to affirm
that ‘Use Case 7: Execute Rescue Mission’ is not considered a crosscutting concern,
since it cannot be considered scattered.

3.5 ResultsTableCreation

After identifying, in the previous steps, the final step proposed by GT4CCI is the
Creation of a Results Table. The purpose of this Results Table is to document, objec-
tively, all data resulting from application of the approach in a requirements document,
enabling a simpler and agile query of these data when necessary in requirements vali-
dation and verification or in subsequent stages of software development.

This table contains four columns. 'Concern', Scattered’, Tangled’ and 'Crosscutting
Concern'. Table 1 illustrates a small example of the results table created to CMS. The
column 'Concern’ contains the core category analyzed, to which the other fields will
be directly related. The column * Scattered' lists in which other concerns of the system




CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

that core category is scattered. The field ‘ Tangled’ lists all the other concerns that the
core category is tangled within. Finaly, the Column 'Crosscutting Concerns' indi-
cates, in an objective way, if the core category in question may or may not be consid-
ered crosscutting concern. It is worth noting that the names of the columns, consisting
of very simple terms, are done so in order to facilitate the identification and under-
standing during any future queries made to this documentation.

Table 1. Part of the Results Table of Toy Example

UCL: ResolveCrigs -
Adaptability
UC2: Cagpture Witness Report Accur
UC3: Assign Internal Resource Mobii(t:y
UC4: Request External Resource . y Yes
. Persistence
UC 6: Execute SuperObserver Misson ]
. Real-Time
UCT: Execute Rescue Misson R
) Reliability
UC10: Authenticate Users
Accuracy
Adaptability
UC2: Capture Witness Report Availabilit
UC3: Assign Internal Resource Mobilit y
UC4: Request External Resource ) y
. Multi-Access Yes
UCS5: ExecuteMission .
Persistence
UC 9: Execute Remove )
) Real-Time
UC10: Authenticate Users
Safety
Security
Accuracy
Availability-
Mobility
Persistence No
Reliability
Safety
Security

Table 1 shows only a part of the Results Table generated for CM S requirements
document, illustrating part of the final results, since the CM'S document is very com-
plete and extensive. In this table, it is possible to see three concerns. One of these
concerns is a non-functional requirement and two functional requirements. The first,
Security, is considered scattered and tangled, and for this reason it is considered a
crosscutting concern. The second and third concerns are use cases, representing func-
tional requirements, called Resolve Crisis and Execute Rescue Mission, respectively.
UCL: Resolve Crisis is tangled within and scattered among the system, and for this
reason this concern is considered a crosscutting concern, while UC7: Execute Rescue
Mission is considered tangled, but not scattered, and therefore is not considered a
crosscutting concern. Once again it is emphasized that this is just an excerpt of Re-
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sults Table generated for the CM S. With the use of the entire table is possible to make
aquick identification of all the concerns of this system, as well as analyzing in which
part of the requirements document these can be said scattered and tangled, and espe-
cialy check whether a concern can or cannot be considered crosscutting.

During the application of the GT4CCI approach in the requirements document
CMS, some points might be highlighted. 21 concerns were analyzed in the CM S doc-
ument, thus defined as core categories of analysis. 11 of these concerns are related to
non-functional requirements, while 10 are related to use cases of the system. During
the analysis of the CMS document were defined more than 150 codes and over 200
rel ationships were established.

With this, it was possible to analyze in detail each concern identified in CMS. By
applying this approach in the document CM S was possible to identify the scattering
and tangling of these concerns in the system and determine whether it may or may not
be considered crosscutting concerns. With these results, it is possible to understand
which concerns of this system need to be better modularized in order to add quality to
it. Furthermore, by the results obtained through the use of GT4CCI is possible to call
attention to possible errors in the development of the requirements document ana-
lyzed, such as poor specification of arequirement, for example.

Thus, beyond simply identifying if a concern can or cannot be said or crosscutting,
GTA4CCI approach also aims to better view the requirements document, highlighting
potential problems and issues that should be better understood and analyzed.

4 Experimental Study

In order to evaluate GT4CCI, the approach proposed by this paper, an experimental
study was designed and implemented. The main objective of this study is to evaluate
the correctness of the results presented from the use of the approach GT4CCI. Details
of the context and execution of this study and the analysis of their results are present-
ed below.

4.1  Context and Implementation of the Experimental Study

Nine postgraduate students in Systems and Computing at the Federal University of
Rio Grande do Norte voluntarily participated in this experimental study. These partic-
ipants were divided into two groups in order to evaluate and use the approach in two
distinct scenarios, since each of the groups performed this experimental study using
different requirement documents. Group | performed this experimental study using
the Methodology Explorer [15] system requirements document as a basis for the
analysis, while Group Il used the Meeting Scheduler [16] system requirements docu-
ment.

The sectioning of participants in two groups was made according to their previous-
ly declared level of knowledge and experience in Requirements Engineering and in
Identification of Crosscutting Concerns, before the execution of the experimental
study, by each one of the participants. The distribution of these participants into the
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groups was made attempting to establish equivalent groups in terms of the previously
declared knowledge held by them.

Before the experimental study’s implementation, a training with al the participants
was conducted, aiming at exposing some of the basic knowledge needed to this study,
such as the definition of crosscutting concerns, the explanation of the process pro-
posed by Grounded Theory methodology and the exhibition of examples, both theo-
retical and practicals, of the identification of these in a requirements document. This
training strived to reduce the difference in the level of knowledge presented by the
participants. Also in this training, the GT4CCI approach and the Atlasti were intro-
duced. Each step of this approach was minutely explained and demonstrated, through
a simple example, using the Atlas.ti tool. During and immediately after this training,
the participants had the opportunity to clarify their doubts regarding the use of both
the approach and the tool.

In order to perform this experimental study, a sequence of activities was performed
by the participants in a full and sequential fashion, thus ensuring more safety to the
resulting data. Firstly, all participants were required to access the Atlasti tool and the
requirements document to be analyzed. Then each one of the participants individually
made a preliminary reading of the requirements document. Shortly thereafter, the
participants, together, applied the Open Coding phase in the requirements document
they were analyzing. The application of this group phase is made with the objective of
assuring that, in future phases, the participants will work with the same concerns de-
fined in this first stage. The individual application of the Open Coding could lead to
distinct definition and identification of interests by each participant, which would
produce a less coherent result and a less accurate analysis. Finally, the concerns iden-
tified in the previous phase were equally divided among the participants and each one
of them applied, individualy, the next phases defined by the GT4CCI approach, aim-
ing to ascertain whether each of the identified interest could be defined as crosscut-
ting.

In the end of the experimental study implementation, all the resulting data of the
GTA4CCI approach application were collected to be analyzed. The analysis of these
data will be presented in the following section.

4.2  Analysisof Results

Two metrics, recall and precision, were utilized in order to evaluate the correctness of
the obtained results through the use of GT4CCI approach. Both of these metrics are
hereby utilized for displaying efficiency in relation to the correctness of data, as well
as for being extensively employed in other experimental works of similar nature.
According to [17], Recall can be defined as a metric utilized to evaluate the pleni-
tude of the obtained data. Applying this metric into the context of the study, we can
state that Recall evaluates the rates of plenitude presented by the identification of
concerns done through the use of GT4CCI approach. In other words, the amount of
actual concerns existent within a certain requirements document that this approach
was able to identify. The metric of Recall is calculated through the following formula:
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Elgments Correctly Identified

Recall = —
Correct Elements

Still in accordance with [17], Precision can be defined as a metric utilized to evaluate
precision, or fidelity of obtained data. Therefore, applying this metric into the context
of this study, we can state that the Precision metric evaluates the rates of fidelity pre-
sented by the identification of concerns made through the use of GT4CCI approach,
that is, how many concerns identified by the approach corresponds exactly those con-
cerns actually in the document. The Precision Metric is calculated through the follow-
ing formula:

Elements Correctly Identified

Identified Elements

It is worth noting that the definition of the correct elements used as the basis of this
experimental study were defined by the author of this work in conjunction with an
expert in crosscutting concerns identification. The analysis of the collected data
through the application of the experimental study enabled us to grasp some relevant
information. Firgt, it is possible to observe that Group | identified 18 concerns in the
requirements document Methodology Explorer. 13 of these were functional concerns,
while the other 5 were non-functional concerns. The identification of functional con-
cerns through the GT4CCI approach in the Methodology Explorer requirements doc-
ument, utilized by Group I, resulted in a rate of Precision and Recall of 100%. This
demonstrates that all the existing functional concerns within this document were cor-
rectly identified by GT4CCI approach, without neglecting any one of them. The same
occurred with the identification of both non-functional concerns and non-functional
crosscutting concerns. On the other hand, it is possible to find a Recall rate of 100%
amongst the identification of functional crosscutting concerns, although the encoun-
tered Precision rate is 75%. This also occurred with the case of identification of cross-
cutting concerns (both functional and non-functional). This identification obtained a
Recall rate of 100% as well. Albeit the Precision rate encountered was 89%.

Employing the same analysis regarding the application of GT4CCI approach in the
Meeting Scheduler requirements document, utilized as an analytical artifact by Group
[1, it is possible to highlight certain points. Group Il identified 21 concerns in the re-
quirements document Meeting Scheduler. 13 of these were functional concerns, while
the other 8 were non-functional concerns. One may observe, then, that the identifica-
tion of functional concerns, the identification of non-functional concerns and the iden-
tification of non-functional crosscutting concerns present a Precision rate of 100%
along with a Recall rate of 87,5%. Thus implying that al of the existing concerns in
these types of documents were correctly identified through the use GT4ACCI approach.
Having said that, one may conclude through the Recall rate of 87,5%, that the
GT4CCI approach neglected a few interests of such types existent in the requirements
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document. Furthermore, the case of identification of functional crosscutting concerns
made by Group Il in this experimental study, permits one to observe that the Precision
and Recall rates were 78%. In the case of crosscutting concerns (both functional and
non-functional) we encountered a Precision rate of 87,5% and a Recall rate of 82%.

In face of these results, it is possible to conclude that the GT4CCI approach pro-
vides results with good correctness, considering that in both analyzed scenarios the
rates of Recall and Precision never appeared inferior to 75% in any one of the identi-
fication of interests. These numbers reflect every type studied, having presented in
several situations Recall and Precision rates of 100%, demonstrating identifications
without error or negligence. Further information on this experimental study can be
seenin [18].

5 RELATED WORKS

With the perception of the benefits that come from identification and documenta-
tion of crosscutting concerns in the earliest phases of software lifecycle, some ap-
proaches that systematize this identification were developed. Some of these are ap-
plied to a specific type of requirements model, such as i* [13], AOV-graph [12],
BPMN [14] and Use Cases [4, 5, 6], while other analyze textual requirements docu-
ments. Among the principal of these approaches, four are highlighted by this paper:
Theme/Doc [3], DISCERN [2], Early-AIM [7] and CCCINPL [8].

Each of these approaches has characteristics that are individual to them. These
characteristics may sometimes represent limitations or gains of an approach in rela
tion to another. Table 2 is a comparative table that allows easy viewing the main dif-
ferences and similarities presented by each of these approaches and GT4CCI.

Table 2. Approaches Comparison Table

GT4cCl Contextual Analy- Any Reg. Docu- Analysis of All Semi-automatic.
sis ment Relevant Data Atlasti Tool
Contextual Analy- Structured Reg. Semi-automatic.
sis Document Any Textual Req. Theme/Doc Tool
Without automa-
Contextual Analy- Any Reg. Docu- Non-functional tion. Does not cite
sis ment Textua Reqg. any tool.
Semi-automatic.
Natural Language Any Reg. Docu-
Processing ment Any Textual Req. | EA-MINER Tool
Natural Language .
Processing and Any Reg. Docu- Anv Textual R Automatic. C3l
Contextual Analy- ment Y €q. Tool
Sis
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In Table 2, four comparison criteria were established. These criteria are: technique
used to identify crosscutting concerns, artifacts analyzed to proceed the identification,
kind of requirements analyzed by the approach and the level of automation of the
approach and what tools it uses to support its process. From this table, we can observe
some interesting points. The first of these points, referring to the identification tech-
nique, shows that most approaches perform the contextual analysis of the require-
ments document. However, Early-AIM approach does not make this kind of analysis,
disregarding the context in which the concern analyzed is embedded.

Another point worth mentioning is the artifacts analyzed. Theme/Doc approach, for
example, only makes the analysis of requirements documents previously structured by
a predefined pattern by this approach. This way, makes its use impractical in docu-
ments developed without this pre-defined structure.

The requirements analyzed by the approach are also a relevant point of this com-
parison. It can be noticed that one of the approaches analyze just one kind of require-
ment, the non-functional requirements, limiting the analysis. Moreover, a fact that
deserves mention is the possibility of analysis of any relevant data, provided by
GTA4CCI. This means that this approach not only analyzes textual requirements, but
also enables the analysis of the use-case diagram, for example.

Finally, another point worth mentioning is the level of automation of these ap-
proaches. DISCERN approach have no automation and do not have tool that supports
the any activity of its process. This makes the application of the approach generally
sower and less reliable. In contrast there is aso a fully automatic approach, the
CCCINPL approach. The total automation provides certainly gains in celerity. How-
ever, the analyst is unable to follow the process of identifying crosscutting concerns
and is unable to see possible flaws in the requirements document and in the analysis,
since the approach returns only the final result of analysis.

6 CONCLUSIONS

This paper briefly introduced GT4CCI approach. This approach aims to organize and
assist the identification of crosscutting concerns in the initial stages of the software
development process using the requirements document as artifact for analysis.

Using the approach GT4CCI is possible to identify the crosscutting concerns of a
system through a qualitative analysis of data, based on the context in which the con-
cerns are embedded into the requirements document. Thus, it is possible to identify
crosscutting concerns in any requirements document by analyzing al data deemed
relevant in this document.

Moreover, the results obtained by applying GT4CCI are strongly based on data
present in the document analyzed, and thus can be traced and more easily justified.
Therefore, through the benefits arising from the use of GT4CCI approach, it is ex-
pected that it provides a better view of the requirements document, highlighting po-
tential problems and issues that should be better understood and analyzed. Moreover,
from the results found from the execution of the experimental study reported in this
work, we can conclude that GT4CCI approach presents a good correctness of the
results, once showed high values of recall and precision metrics in both scenarios
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evaluated. This ensures the quality and reliability found from the use of GT4CCI
approach in identifying crosscutting concerns in requirements documents.

As future work, we suggest performing experimental studies to measure GT4CCI
performance compared to others existing approaches. From the results of these exper-
iments, it is expected to make possible improvements in this approach and expand the
use of GT4CCI for other kinds of artifacts developed during the software lifecycle.
With this, it will be possible to track and analyze whether these crosscutting concerns
are propagated in several activities of software development or to analyze the nature
of crosscutting concerns in each of these activities.
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Abstract. The Requirements Engineering area faces problems because the re-
quirements are often ambiguous, incomplete or confusing. These points are
commonly obscured by the natural language, which abstracts the complexity of
interactions among requirements. However, these interactions need to be ana-
lyzed because they influence on how the software development life-cycle ac-
tivities can be modularized from a well formulated and concise requirements
description. In this context, PL-AOVgraph is an aspect-oriented requirement
modeling language, which offers support to represent relationships among con-
cerns and provides separation of crosscutting concerns. However, in order to
identify these crosscutting concerns in PL-AOVgraph, there are only some heu-
ristics, which help analysts to perform this activity manually. Therefore, this
paper proposes a semi-automatic strategy to identify crosscutting concerns in
PL-AOVgraph models. This strategy is based on analysis of an adjacency ma-
trix composed of the relationships among requirements. In order to evaluate this
strategy, a case study is applied.

Keywords: Crosscutting concerns, crosscutting concern identification, PL-
AOVgraph, ReqSys-MDD tool.

1 Introduction

The requirements engineering activity is responsible for discovering, documenting
and maintaining software requirements [17]. Some of the artifacts produced during
these activities are written in natural language. Hence, the requirements engineering
faces problems due to the fact that the requirements are often ambiguous, incomplete
and confusing. These problems happen because there are many ways to describe the
same requirement using natural language, and also, it abstracts the complexity of
interactions among requirements.

One way to deal with these problems is by using the separation of concerns. It de-
composes software systems into smaller modular units, each one is related to one
concern. In this context, the Aspect-Oriented Software Development (AOSD) [7] is
particularly interesting because the modularization is achieved by encapsulation of




CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

crosscutting concerns through specific abstractions of language used. Crosscutting
concerns are parts of a system which are strongly related, scattered or tangled, influ-
encing or restringing each other, making the system complex and difficult to analyze.

The aspect-oriented requirements engineering area proposes methods and tech-
niques to identify, to separate and to compose crosscutting concerns focusing on re-
quirement artifacts.

In the context of the aspect-oriented requirements engineering, there are some ap-
proaches of identification, modeling and analysis of crosscutting concerns. Among
these, PL-AOVgraph (Product Line — Aspect-Oriented Vgraph) is a goal-oriented
requirement modeling language which supports the description, composition and
visualization of requirements. Regarding PL-AOVgraph models, the crosscutting
concern identification is performed in an ad hoc way, based on some general heuris-
tics, such as quantity of input or output relationships (fan-in or fan-out), or the possi-
bility of reusing a particular concern [16], leaving to the analyst the subjective deci-
sion to model some requirements as crosscutting concern or not. Additionally, even
deciding to model a particular concern as crosscutting, the analyst may do it incom-
pletely, not modularizing such concern in the most appropriate way.

Therefore, the objective of this paper is to present a semi-automatic strategy to
identify crosscutting concerns in PL-AOVgraph models and to report a case study
which evaluates if this strategy is efficient. This strategy was inserted in ReqSys-
MDD tool, which is an Eclipse plug-in to validate requirement specifications (in PL-
AOVgraph) and execute automatic bi-direction transformations between PL-
AOVgraph models and Features Models [14][15]. The motivation for attaching our
strategy to ReqSys-MDD is the reuse of some ReqSys-MDD functionalities, such as
the validation of PL-AOVgraph documents and the parsers Xtext and Acceleo, which
transform text to model and model to text, respectively. Furthermore, our aim is to
integrate into ReqSys-MDD tool all functionalities about PL-AOVgraph.

This paper is organized as follows. Section 2 presents PL-AOVgraph and its fea-
tures; Section 3 defines our semi-automatic strategy to identify crosscutting concerns
and to write the crosscutting relationships. Section 4 specifies how this strategy was
inserted in PL-AOVgraph tool. Section 5 describes the results achieved using our
approach with Crisis Management System (CMS) case study [9]. Section 6 summa-
rizes some related works. Section 7 presents our final remarks and future works.

2 PL-AOVgraph

PL-AOVgraph [14] is an extension to the AOV-Graph goals model [16] with support
to the variability. In other words, PL-AOVgraph is a requirement modeling language
which inherits all the AOV-Graph features. These models consist of oriented graphs
composed by the following element types: (i) task — functional requirement; (ii)
softgoal — non-functional requirement; and, (iii) goal — organizational goal. The
relationships among the PL-AOVgraph elements may be one of three types:
contribution; correlation; and, crosscutting [12]. Although these models are graphics,
we have worked in their textual representation, which is more easily manipulated.
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Correlation relationships indicate the influence, whether positive or negative, from
a goal to a softgoal (one-to-one relation). This influence is labeled as follows: Make,
Break, Help, Hurt or Unknown.

Contribution relationships are represented by the hierarchical relationships (one-to-
one) between child and parent elements, respectively, source and target of the rela-
tionship. These contributions may be labeled as one of the following types: And, Or,
Xor, or Inc-or.

In opposition to contributions and correlations, which are one-to-one relationships,
crosscutting relationships represent many-to-one relations. These relationships can
modularize many interactions in one relationship, decreasing the quantity of contribu-
tions. The amount of contributions must be specified and also it must be determined
which concerns are crosscutting each other [14]. The description of the crosscutting
relationship is based on elements of Aspect-Oriented Software Development (AOSD)
proposed by Aspect] language, so, it is composed of: (i) Source — which is the origin
of the relationship, i.e., what concern influences other requirements; (ii) Pointcut —
which is the target set of the relationship, i.e., the requirements which are affected by
the source; (iii) Advice — which specifies what requirements (child of source) are
scattered or tangled on the pointcuts; (iv) Intertype Declaration — which defines new
instances (if it is element type) or types of elements (if it is attribute type) to the mod-
el.

Additionally, PL-AOVgraph allows the insertion of new properties to a model by
using “property” elements. There are six pre-defined properties to support the varia-
bility and the transformation between feature models and PL-AOVgraph [14]. How-
ever, these properties are not used in this work.

We use the Crisis Management System (CMS) [9] like a demonstrative example in
next sections. This system was defined with purpose to create a common case study
for aspect-oriented modeling community and it was presented like special issue in the
Transactions on Aspect-Oriented Software Development journal. The CMS domain
helps in the identification, evaluation to handle a crisis situation, allowing the com-
munication among all parties involved.

Figures 1 and 2 illustrate a small part of the CMS PL-AOVgraph model. Figure 1
illustrates its graphical representation and Figure 2 is its textual representation. In this
example, the task “Manage [Communication]” (line 5) contributes to two tasks (lines
5 and 10) and four softgoals (lines 15, 20, 25 and 30). These contributions are showed
by the “and” pointers between the nodes shown in Figure 1, and included in the labels
in parenthesis in Figure 2.

Deterioration factor on

Reliability communication <= 0.0001/1000kni
[Communication]
and Use [alternate
and S
- < . Manage communication
Time of delay in . S
Lo - [Communication] channels]
communication <= 5001
and and

Manage
[Crisis]

Communication, coordination. into
ccess from rescue resources = 2000

Fig. 1. Contribution relationships in PL-AOVgraph graphic mode.
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01 | aspect_oriented_model {

02| goal model "Crisis Management" {

03 goal "Crisis resolved" (and) {

04 task "Manage [Crisis]" (and) {...

05 task "Manage [Communication]" (and) {}

06 }

07 }

08 softgoal "Security” (and) {...

09 task "Use [alternate communication channels]" (and) {
10 task_ref "Manage [Communication]" (and) {}

11 }

12 }

13 softgoal "Reliability" (and) {...

14 softgoal "Reliability [Communication]" (and) {

15 task ref "Manage [Communication]" (and) {}

16 }

17 }

18 softgoal "Multi-Access" (and) {...

19 softgoal "Communication, coordination, info access from rescue resources = 20000" (and) {
20 task ref "Manage [Communication]" (and) {}

21 }

22

23 softgoal "Real-time" (and) {...

24 softgoal "Time of delay in communication <= 500ms" (and) {
25 task_ref "Manage [Communication]" (and) {}

26 }

27

28 softgoal "Accuracy” (and) {...

29 softgoal "Deterioration factor on communication <= 0.0001/1000km" (and) {
30 task ref "Manage [Communication]" (and) {}

31 }

32 }

33| 1}

34|}

Fig. 2. Contribution relationships in PL-AOVgraph textual mode.

As requirement models are usually extensive, insofar as the model is evolving and
growing it becomes difficult to maintain its readability as well as its understanding.
Therefore, the crosscutting relationships are a strategy to separate concerns, reduce
the number of contribution relationships and tangled and scattered elements. Figure 3
shows a crosscutting relationship example, which replaces those relationships repre-
sented by task references (task ref) showed in Figure 2(lines 10, 15, 20, 25 and 30).

Figure 3, line 2, represents the source of this crosscutting relationship, it is the goal
“Crisis resolved”, because it is the parent of the elements which are scattered or tan-
gled. The pointcut block (lines 03 to 08) defines the elements which are affected by
the advice: the two tasks, “Use [alternate communication channels]” and “Manage
[Crisis]”; and four softgoals “Reliability [Communication]”, “Communication, coor-
dination, info Access from rescue resources = 20000, “Time of delay in communica-
tion <= 500ms” and “Deterioration factor on communication <= 0.0001/1000km”.
The advice block (lines 09 a 11) defines the elements which are scattered or tangled
with pointcut elements, referenced by “PC1”, in this case, the task “Manage [Com-
munication]” (line 10).
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01 | crosscutting {
02| source: goal_ref "Crisis resolved" {
03| pointcut PC1:include "Use [alternate communication channels]"

04 and include "Manage [Crisis]"

05 and include "Reliability [Communication]"

06 and include "Communication, coordination, info access from rescue resources = 20000"
07 and include "Time of delay in communication <= 500ms"

08 and include "Deterioration factor on communication <= 0.0001/1000km"

09| advice (around): PC1 {

10 task_ref "Manage [Communication]" (and) {}
1] }

12}

Fig. 3. Crosscutting relationship in PL-AOVgraph textual model.

3 Crosscutting Concerns Identification in PL-AOVgraph

The identification strategy presented in this paper is based on the fan-out analysis of
relationships among requirements. For this analysis, it is used an adjacency matrix to
identify and to account these output relationships. In this context, the identification
process is comprised of three major steps, as illustrated in Figure 4. A PL-AOVgraph
requirements model is the input of this process. From it, a matrix with the
relationships among requirements is created. After that, crosscutting concerns may be
identified by accounting how many contribution relationships are sourced at each
requirement. Hence, crosscutting concerns may be specified, considering the data of
the matrix and the data of the input model. Finally, the PL-AOVgraph model is
updated by substituting contributions by crosscutting relationships. This process is
detailed and exemplified below.

PL-AOVaragh gremm—— . grome
requirements M & d

model Creation of i Analysis of i Crosscutting
adjacency £ adacency : Relztionship
e Specification

matrix

Matrix Crosscutting PL-AOVgraph
concern requirements
model
actualized

Fig. 4. Process to identify and specify crosscutting relationships.

The first stage is the creation of an adjacency matrix, considering that it shows the
relationships among requirements. This activity takes as input a PL-AOVgraph
requirement model from that it generates an adjacency matrix. This matrix is built
from contribution relationships among the PL-AOVgraph elements. As soon as the
PL-AOVgraph model is read by the tool, the matrix is fulfilled in a way that the
horizontal lecture indicates the relationships which the element, refered by the matrix
lines, originates.
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In order to illustrate this activity, Figure 5 shows a small part of the requirement
specification in PL-AOVgraph of CMS. In this Figure, there are two major concerns,
represented by the goal “Crisis resolved” (line 03) and by the softgoal “Security” (line
24), as well as contribution relationships between them and other (sub) tasks (lines 04
to 22 and lines 25 to 31), “Authenticate [User]” is a task that contributes, besides to
the softgoal “Security” (line 24), to the tasks “Manage [External Resource]” and
“Manage [Internal Resource]” and it is represented by task refs elements (lines 09
and 19).

Based on this PL-AOVgraph model, the adjacency matrix is fulfilled, see Table 1,
where its horizontal lecture indicates the direction of the contribution relationships,
for instance, “Select [Employee]”, “Receive confirmation of acceptance mission” and
“Inform [Mission info]” (lines 13 to 15 in Figure 5) contribute to “Assign [Internal
Resource]” (line 12 in Figure 5).

01 | aspect_oriented_model {

02| goal model "Crisis Management" {

03 goal "Crisis resolved" (and) {

04 task "Manage [Crisis]" (and) {

05

06 task "Manage [Resource] " (and) {

07 task "Manage [External Resource] " (and) {

08 task "Request mission to ERP" (and) {} Task
(1)?) task_ref "Authenticate [User]" (and) {} ——] references
11 task "Manage [Internal Resource] " (and) §{

12 task "Assign [Internal Resource]" (and) {

13 task "Select [Employee]" (and) {}

14 task "Receive confirmation of acceptance missign" (and) {}
15 task "Inform [Mission info]" (and) {

16 task "Request the employee to login" (angj {}

17 }

18 task "Update availability of employee" (ghd) {}

19 task_ref "Authenticate [User]" (and) {}

20 3

21 t

22 }

23 }

24 softgoal "Security" (and) {

25 task "Authenticate [User]" (and) {}

26 task "Request [Login info]" (and) {}

27 task "Validate [Login info]" (and) {}

28 task "Block [Access] after 3 consecutive failed attempts" (and) {}
29

30 tagl "Use [alternate communication channels]” (and) {...}

31 }

32 }

33[}

Fig. 5. Example of PL-AOVgraph textual model

Once the relationships between the requirements are identified and added to the
matrix, the second step of the process takes place, which consists on analyzing this
matrix to identify crosscutting concerns.

This analysis consists on evaluating the scattered and tangled phenomenon. This
phenomenon is identified when a requirement affects (or is affected by) several other
requirements. Therefore, how much more a requirement contributes to other, more
scattered and tangled it is. Hence, the crosscutting concern identification can be
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achieved by counting these relationships. For example, using our adjacency matrix
(Table 1), we can quickly visualize that “Authenticate [User]” contributes to three
other requirements while the others only contributes to one (highlighted in Table 1). It
is important to mention that some cells, in which the element did not generate output
relationships, were removed to improve the visualization.

It is important to remark that we do not determine a minimum value to the amount
of contributions that a requirement must have to be considered a crosscutting concern.
We prefer to make this value configurable, once this quantity depends on the context
and it varies from one system to another, so, the requirements engineer must set it.
Because of this, our strategy is not completely automatic. For example, considering
the example of Table 1, if the requirements engineer set this value with three (it can
be any number greater than two — the minimum defined by literature), then it can be
inferred that the task “Authenticate [User]” is a crosscutting concern, whereas if the
requirements engineer set this value with four (or more) then it would not be consid-
ered a crosscutting concern in this model, because there is not any element which
generates this quantity of relationships.

Table 1. Example of adjacency matrix

Manage Request Manage Assign Inform
[External mission to [Internal [Internal [Mission Security
Resource] ERS Resource] Resource] infa]

Authenticate
[User]

Crise Manage Manage
_— resclved [Crisis] [Resource]

Manage [Crisis] X

Manage [Resource] X
Manage [External
Resource]
Reguest mission to
ERS
Manage [Internal
Resource]
Assign [Internal
Resource]
Select [Employee] X

Receive
confirmation of X
acceptance mission
Inform [Mission
info]
Request the
employee to login
Update availability
of employee
[User] X x X
Request [Logininfa] ®

Validate [Logininfg] X

Block [Access] after
3 consecutives X
failed attempts
Use [alternate
‘communication X
channels

Once the crosscutting concerns are identified, it is necessary to represent them in
crosscutting relationships, it is the third and last step of the process. Therefore, to
specify crosscutting relationships, it is indispensable to define the elements that form
this kind of relationship: source, pointcut, advice and/or intertype declaration.

It is important to emphasize that if there are crosscutting relationships defined in
the input specification, then they need to be updated with other pointcuts and advices.
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Furthermore, there must never be relationships with the same source otherwise, there
will not modularization.

The source is the crosscutting relationship origin that is represented by the parent
requirement of the crosscutting concern. The Table 1 illustrates that the task “Authen-
ticate [User]” was identified as crosscutting concern by analysis of matrix. Therefore,
to define the source of the relationship, it is necessary to analyze the specification
(Figure 5) to identify its parent requirement. Analyzing this specification, we can
notice that the softgoal “Security” is the parent requirement, consequently, it is the
source of the crosscutting relationship (line 25).

Pointcuts indicate the requirements which are affected by crosscutting concern,
then in our example, the tasks “Manage [External Resource]” and “Manage [Internal
Resource]” compose the elements of the pointcut. As explained in Section 2, advice
and intertype declaration indicate requirements, which affect other requirements.
However, the pieces of advice are stated in the model while intertype declarations are
not stated in the model. So, this strategy cannot identity intertype declarations. There-
fore, in our example, the advice is composed of the task “Authenticate [User]”.

It is worth highlighting that since each crosscutting relationship accommodates
many contributions, then these contributions are replaced by crosscutting relation-
ships. This reduction and modularization of the relationships aids traceability and
consistency management, because each part involves only one feature, thus it makes it
easier to locate changes and to deal with one important issue at a time.

Finally, concluding these stages, a new requirement specification is created which
removes some contributions and adds crosscutting relationships. The Figure 6 shows
the crosscutting relationship (lines 01 a 08) created to represent that “Authenticate
[User]” is a crosscutting concern and it crosses to “Manage [External Resource]” and
“Manage [Internal Resource]”.

Crosscutting

01 | crosscutting { Relationship
02| source: softgoal_ref "Security"

03| pointcut PC1: include "Manage [External Resource]"

04 and include "Manage [Internal Resource]"
05| advice (around): PC1 §{

06 task ref "Authenticate [User]" (and) {}

07| %

08|}

Fig. 6. Example of Crosscutting Relationship

4 Extending ReqSys-MDD Tool to Identify Crosscutting
Concerns

ReqSys-MDD [15] implements a bi-directional mapping between PL-AOVgraph and
Features Model, using MDD approach. This tool was coded at Eclipse environment,
which offers the Plug-in Developer Environment (PDE) and the Eclipse modeling
framework (EMF), both needed for the elaboration of metamodels, and the ATL
(ATLAS Transformation Language) Development Tool, needed for implementation
of mapping rules.
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Furthermore, Xtext and Acceleo plug-ins are utilized and integrated to the EMF in
order to transform text into model and model into text, respectively. In ReqSys-MDD,
Xtext is responsible for transforming a PL-AOVgraph textual specification (or a Fea-
ture Model described in XML), in a XMI model, which is the input to ATL transfor-
mation rules. The Acceleo, on the other hand, is responsible for doing the inverse
process, that is to transform a XMI model, produced by ATL transformation, in a PL-
AOVgraph textual specification (or in a Feature Model) described in XML.

ReqSys-MDD also helps to edit PL-AOVgraph specifications, offering keyword
coloring and lexical and syntactic analysis, certifying that input models are conformed
to their metamodel.

In this context, the method proposed in this paper was implemented as an addition-
al module to the ReqSys-MDD plug-in. This module was coded using the Java pro-
gramming language, this choice occurred because ATL did not present support to
strategy implementation proposed in this paper.

Figure 7 shows the crosscutting concern identification flow in an additional mod-
ule of ReqSys-MDD tool: (i) the input PL-AOVgraph textual specification is analyzed
by the Xtext module and thus transformed in a XMI model; (ii) from this XMI model,
Java objects are created and through analysis of adjacency matrix the crosscutting
relationships are identified and written, generating a new XMI model; (iii) this XMI is
transformed, through Acceleo, in a PL-AOVgraph textual specification.

_______________________________________

~
~
-
-
-
’,
-

Transform Transform \
text2model model2text

h Xtext Acceleo A
;
Specification - Template Specification

.plaovgraph .plaovgraph

i
w——({]

%
PL-AOVgraph Model
xmi

e e e e e e e e —————

PL-AOVgraph Model
xmi

-
-~

______________________________________

Fig. 7. The crosscutting concern identification flow in ReqSys-MDD.

5 Case Study

We have used in this case study the same system used like a demonstrative example
in this paper — the Crisis Management System (CMS). This system was selected
because it has many of the PL-AOVgraph elements which are fundamental for an
accurate analysis.

As mentioned in this paper, the CMS system aims to help in identifying, assessing,
and handling a crisis situation by orchestrating the communication between all parties




CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

involved, by allocating and managing resources, and by providing access to relevant
crisis-related information for authorized users [9].

The case study reported here aimed to compare the crosscutting concerns obtained
from the manual technique and the results from the strategy described in this paper. It
was consisted of 3 stages:

1. Manual crosscutting concerns identification and specification — this stage is re-
sponsible to model a PL-AOVgraph model before and after the composition pro-
cess, based on [9]. It is important to remind that composition process generates a
specification whose crosscutting relationships are disunited in contribution rela-
tionships. So, firstly, it is modeled a specification using heuristics to identify cross-
cutting relationships (model 1), defined in [16]. After that, a version without cross-
cutting relationships of this model was generated (model 2) (by the composition
process explained in [16]) in order to be used as input to the ReqSys-MDD. 1t is
important to remark that these models were not created by the authors of this strat-
egy. However these models were created by a person that was expert in PL-
AOVgraph because of this we assumed that these models are correct;

2. Crosscutting concerns identification using ReqSys-MDD — the second model
cited on stage 1 was used as input in ReqSys-MDD in order to identify crosscutting
concerns. It was set that a requirement is scattered or tangled if it affects 3 or more
elements. ReqSys-MDD generate another model with crosscutting relationships
(model 3); and

3. Results comparison — the output generated in the stage 2 (model 3) was analyzed
and compared with the first model created in the stage 1. Therefore, we compare
the results presented by the manually case study with the result of applying the
semi-automatic strategy proposed in this paper.

Table 2. Statistics about CMS Case Study

Manual case study Seml—austtcl)lr(til;tlc case
Quantity of ele- Quantity of ele- Quantity of elements —
Elements ments - Model 1, ments - Model 2, Model 3, stage 2
stage 1 stage 1

Goals 6 6 6

Softgoals 27 27 27
Tasks 79 79 79
Contribution relationships 108 156 106
Correlation relationships 20 20 20
Crosscutting relationships 6 0 4

Crosscutting concerns 17 0 12

Table 2, summarizes the results achieved; columns 2 and 3 present the quantity of
elements comprised in models created in stage 1, while the last column present the
quantity of elements created in the stage 2. The CMS PL-AOVgraph model is com-
prised of 27 softgoals, 6 goals, 79 tasks and 20 correlations. These elements are the
same in all models. On the other hand, the amount of contributions and crosscutting
relationships are different in each model: in model 1, there are 108 contributions and
6 crosscutting relationships; in model 2, there are 156 contributions and zero crosscut-
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ting relationships; and in model 3, there are 106 contributions and 4 crosscutting rela-
tionships.

The elements showed like crosscutting concern in Table 2 are the advice elements,
i. e., the elements which are repeated along the model.

Comparing the results presented by manual case study and semi-automatic case
study (see Table 2), the main difference is the quantity of crosscutting relationships.
In the semi-automatic case study were identified 4 crosscutting relationships, while in
the manual case study were showed 6 crosscutting relationships; and the quantity of
crosscutting concerns, in the semi-automatic case study were identified 12 crosscut-
ting concerns, while in manual case study were identified 17 crosscutting concerns.

Analyzing these relationships, it was noticed that: 5 of the 6 crosscutting relation-
ships manually identified were covered by semi-automatic case study. It could be
observed due the level of hierarchy used in both case studies. Hereinafter, it will be
explained clearer.

Thus, 2 of them were written in the same manner. However, in one of them, the
manual case study presented one additional element of advice than the semi-automatic
case study. Figure 8 shows the crosscutting relationship identified by ReqSys-MDD
that was equivalent in both case studies, i.c., the source, pointcut and advice elements
were equals in both case studies.

In this perspective, 3 of these 5 elements were not written in the same manner, be-
cause the semi-automatic strategy defines the source of this relationship with the ele-
ment which is at the top of the hierarchy and, the manual case study, defines the se-
cond level of hierarchy, but they are equivalents. Additionally, these 3 relationships
represented 2 relationships in semi-automatic case study, and also the semi-automatic
case study identified one more advice element than the manual case study. This ele-
ment was not identified by manual case study because it was not used only the quanti-
ty of relationships, but also the possibility of reuse.

01 | crosscutting {
02 source: softgoal ref "Mobility”
03 pointcut PC1: include "Monitor [weather]"

04 and include "Monitor [terram conditions]”

05 and include "Meniter [crminal activity]”

06 and include "Determinate [safe operating distances and perimeter]"
07 pointcut PC2: include "Monitor [weather]"

08 and include "Monitor [terram conditions]”

o9 and include "Meniter [crminal activity]”

10 and include "Determinate [safe operating distances and perimeter]”
11 advice (around): PC1 {

12 task_ref "Access [maps, terrain and weather conditions and routes]” (and) {}

13 }

14 advice (around): PC2 {

15 task_ref "Provide [location semsitive infe]” (and) {}
16 ¥

1711}

Fig. 8. Example of crosscutting relationship identified

Finally, 1 of the 6 crosscutting relationships manually identified was not covered
by semi-automatic case study. The reason for this is that the amount of output
relationship was not equal to or greater than 3. This relationship grouped 4 elements
in advice, i.e., 4 crosscutting concerns.
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Therefore, in general, we consider which the crosscutting concerns identified by
ReqSys-MDD are correct, but the insights of the requirement engineer can identify
other elements, which the semi-automatic strategy could not do.

Thus, this strategy facilitated the crosscutting concerns identification since it iden-
tified almost all crosscutting relationships. In this perspective, semi-automatic strate-
gy proposed to help efficiently in the crosscutting concerns identification. More de-
tails for this case study can be found in [10].

6 Related Work

In order to respond to the necessity of identifying crosscutting concerns early in the
software development lifecycle, some methods were created to systematize and make
the execution of this activity easier. Therefore, we made a literature review, which
aimed to seek methods and techniques for identifying crosscutting concerns in
requirements documents to guide the development of the approach presented in this
paper. Then, we could describe two major groups of identification approaches: (i)
those which process textual requirements documents; and (ii) those which deal with a
specific type of model, for instance, Use Cases and I* models.

Among the methods which process textual documents, we can highlight CCCINPL
[1], Theme/Doc [6], DISCERN [11] and Early-AIM [13]. The first difference among
them is the identification technique: Theme/Doc performs lexical analysis and the
other three perform semantic analysis. Although these three approaches perform the
same identification technique, each one is performed in a different way, such as using
natural language processing or aspect mining. Other difference between them is the
requirement type that is identified as crosscutting concern: Theme/Doc and CCCINPL
identify crosscutting concerns in functional or non-functional requirements, but
DISCERN and Early-AIM only identify in non-functional requirements.

Among the method which process specific models, we can highlight the approach-
es which extend UML [4][5] and the approaches which use [*[2][3]. They perform
the crosscutting concern identification by different techniques: those which extend
UML use semantic analysis and those which work with I* use rules (considering the
intrinsic elements of those languages). Furthermore, other difference between them is
the requirement type that they identify as crosscutting concern. Only those which
work with I* identify crosscutting concerns in both requirement types, the other iden-
tify only in non-functional requirements.

This strategy proposed by this paper is in this second group, because it process PL-
AOVgraph model and like those process I* models, this strategy identifies
crosscutting concern in both requirements types — functional or non-functional
requirements. Furthermore, this strategy uses the fan-out analysis as identification
technique.

Above all, some of these works, or parts of them, were used as a base to define the
strategy proposed here, among them CCCINPL, Theme/Doc and those which works
with I*. The first, by the use of a relationship matrix to identify the verbs that
influence each requirement; and the others by the heuristics used to identify
crosscutting concerns.
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Therefore, the contribution of the strategy and tool presented in this paper is to
make semi-automatic some heuristics to identify and define crosscutting concerns in
PL-AOVgraph models. This application makes a good use of its natural
characteristics, such as, the modeling of both functional and non-functional
requirements, the ability to make explicit the relationships between the requirements,
and then, help to analyze them.

Table 3 presents a summary of the related works, showing the identification
technique used by the approach and in what type of requirement it identifies
crosscutting concern.

Table 3. Summary of related works

Approaches that process textual requirements documents

Approach Identification technique Requirement types

Functional Requirements

Theme/Doc Lexical analysis Non-Functional Requirements
DISCERN Semantic analysis Non-Functional Requirements
Early-AIM Semantic analysis Non-Functional Requirements
CCCINPL Semantic analysis Functional Requirements

Non-Functional Requirements

Approaches that process specific models

Approach Identification technique Requirement types
Crosscutting concern identi- . . . .
fication with UML Semantic analysis Non-Functional Requirements
Identifying crosscutting Rules Functional Requirements
concern with I* Non-Functional Requirements

7 Final Remarks

This paper presents, briefly, a semi-automatic strategy for crosscutting concerns
identification in PL-AOVgraph models. This strategy aims to help the requirement
engineer to identify crosscutting concerns and to write the crosscutting relationships
properly early in the software development process. This strategy is supported by a
tool, named ReqSys-MDD. This support makes the PL-AOVgraph models better
modularized and then, it makes them more easily analyzed and mapped to other
stages of software development.

The Crisis Management System (CMS) [9] was used as a case study in this paper
in order to evaluate the heuristics defined to identify crosscutting concerns and their
implementation. This strategy facilitated the crosscutting concerns identification since
it identified almost all crosscutting relationships. This result can be due the crosscut-
ting concern identification in manual way is not only by output relationships but also
by requirements engineer’s insights.

As future works, it is suggested to carry out other studies case to evaluate the effi-
ciency of the tool and, consequently, of the method proposed here, in different con-
texts. Furthermore, we intend to perform controlled experiments to compare the re-
sults obtained by this method and the results obtained by other crosscutting concerns
identification approaches. And also, we aim to make our strategy more generic, allow-
ing its use with others goal-based languages.
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Resumo. Este artigo apresenta uma abordagem para engenharia de requisitos
orientada a modelos para o dominio de software embarcado. Para suportar a
modelagem e a geréncia dos requisitos sdo utilizadas as linguagens de modela-
gem UML, SysML e o perfil MARTE, todos padrdoes da OMG. Desta forma, a
abordagem permite a completa modelagem de requisitos funcionais e nao fun-
cionais frequentes no dominio de sistemas embarcados, além da geréncia desses
requisitos desde a especificag@o até a validacdo. Um estudo de caso ¢ usado pa-
ra demonstrar a abordagem proposta.

Palavras Chave: UML, SysML, MARTE, Engenharia de Requisitos, Sistemas
Embarcados, rastreabilidade.

1 Introduciao

Sistemas embarcados executam fun¢des dedicadas e estdo inseridos em um sistema
maior [1]. Usualmente, estes sistemas sdo constituidos de hardware e de software e
incluem varios requisitos ndo funcionais (RNF) relacionados a desempenho, consumo
energético e tamanho de memoria. Estes requisitos afetam decisdes de projeto e tor-
nam-se restri¢oes rigidas aos engenheiros de software embarcado. Estas restri¢oes
rigidas, aliadas a alta complexidade e prazos de entrega curtos, dificultam o projeto e
requerem processos de desenvolvimento especializados.

Para lidar com projetos complexos, linguagens de alto nivel de abstragdo tém sido
utilizadas e integradas em metodologias orientadas a modelos (MDE, do inglés, Mo-
del-driven Engineering). Dentre as linguagens, destaca-se a UML, a qual ¢ padrao
para modelagem de software [2]. No entanto, a UML ndo suporta a modelagem de
aspectos especificos do dominio de sistemas embarcados, como por exemplo, requisi-
tos relacionados a consumo de energia, desempenho e temporizagdo, os quais preci-
sam ser considerados desde a modelagem do sistema. O perfil MARTE [3] estende a
UML resolvendo esta limitagdo. No entanto, estes RNFs sdo aspectos transversais que
influenciam varios artefatos do sistema [4], o que indica a necessidade de um proce-
dimento que permita além da modelagem, a completa geréncia destes requisitos.




CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

A engenharia de requisitos define um caminho desde o levantamento dos requisitos
até a verificacdo/validagdo do software, incluindo a gestdo dos requisitos durante
todas as fases do projeto [5]. A gestdo ajuda a equipe a identificar, controlar e acom-
panhar as necessidades e suas mudangas a qualquer momento do projeto. Para gerir os
requisitos, ¢ importante dar suporte a rastreabilidade dos mesmos. Para isso, € preciso
estabelecer relacionamentos entre os requisitos ¢ artefatos do projeto como casos de
uso, componentes ¢ casos de teste [6]. A linguagem SysML [7], oferece recursos para
a modelagem de requisitos e relacionamentos entre eles e por esta razao vem sendo
também aplicada no dominio de sistemas embarcados [6].

O objetivo deste trabalho ¢ apresentar a MDEReq, uma abordagem para engenharia
de requisitos orientada a modelos focada no dominio de software embarcado, que
suporta a geréncia de requisitos. Nesta abordagem, a rastreabilidade de requisitos ¢
suportada através de notagdes SysML. Mas, além desta linguagem, a abordagem tam-
bém faz uso de modelos UML/MARTE. Estes modelos sdo integrados permitindo a
completa modelagem do sistema usando uma tnica ferramenta de modelagem e facili-
tando a rastreabilidade dos requisitos em todas as fases do projeto.

Este artigo esta organizado da seguinte forma. A Seg@o 2 discute trabalhos relacio-
nados. A abordagem proposta ¢ apresentada na Segdo 3 e o estudo de caso na Segdo 4.
Por fim, as conclusdes e trabalhos futuros sdo discutidos na Se¢éo 5.

2 Trabalhos Relacionados

A modelagem de requisitos de sistemas embarcados visando a rastreabilidade foi
estudada por outros autores, dentre eles Albinet [8] e Dubois [6]. Ambos propdem
uma metodologia baseada em modelos e rastreabilidade com foco em aplicagdes au-
tomotivas [8]. A diferenca entre eles esta na rastreabilidade dos requisitos. Em [8] por
ndo ser um modelo integrado a rastreabilidade ¢ feita somente no mesmo nivel de
abstragdo. Ja em [6], um meta-modelo ¢ proposto o qual inclui SysML e permite a
rastreabilidade de requisitos em todos os niveis de abstragdo do projeto.

O diferencial da MDEReq em relagdo aos trabalhos citados ¢ que a abordagem
proposta ¢ baseada em UML e extensdes padronizados pela OMG, sem redefinir estas
linguagens e, portanto, ¢ suportada por qualquer ferramenta de modelagem disponivel
no mercado. Além disso, nossa abordagem integra o processo de engenharia de requi-
sitos no desenvolvimento de software embarcado, o que favorece a gestdo dos requisi-
tos. Além disso, a MDEReq pode ser utilizada em qualquer aplicagdo do dominio de
sistemas embarcados, pois ndo ¢ focada em nenhum subdominio especifico.

3 Abordagem MDEReq

A MDEReq (do inglés, Model Driven Engineering for Requirement Management), é
uma abordagem orientada a modelos para engenharia de requisitos de software em-
barcado. Esta abordagem visa facilitar a especificacdo de softwares embarcados atra-
vés da construgdo de modelos abstratos baseados em linguagens padronizadas, que
permitam a modelagem e gestdo de requisitos funcionais e ndo funcionais (temporais,
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de confiabilidade, consumo, etc). Desta forma, a abordagem contribui para que proje-
tistas de sistemas embarcados tenham um controle mais efetivo das mudancas de
requisitos e de seus impactos nos demais artefatos do projeto em todas as etapas do
processo. A abordagem proposta baseia-se nos principios da MDE [9], onde modelos
guiam todas as decisdes de projeto e sdo detalhados e refinados a cada etapa, até que a
implementagdo seja alcancada.

A MDEReq ¢ baseada no modelo de processo de software tradicional, onde a pri-
meira atividade ¢ a definicdo de requisitos. Esta ¢ parte de um procedimento conheci-
do como Engenharia de Requisitos, o qual define atividades que envolvem concepgao,
levantamento, elaboragdo, negociagdo, especificagdo, validagdo e gestdo de requisitos
[5]. Com base neste procedimento, foi definido o workflow da MDEReq, ilustrado na
Figura 1, o qual ¢ composto de quatro atividades: o levantamento, a analise e especi-
ficagdo, a validagdo e a gestdo dos requisitos. Segundo Pressmam [5], estas sdo as
principais atividades da engenharia de requisitos.

Diagramas Diagramas | | Diagramas dd
de casos de de classes - sequéncia -
uso - UML | JUML/MARTE| | UML/MARTH

Anadlise
Levantamento e Validagao
Especificacdo

[Aprovado]

[repravado)

Gestdo de
Requisitos

P N

Diagrama .
de Matrizes de

rastreabili-
dade

requisitos -|
SysML

Fig. 1. Workflow da abordagem MDEReq

A atividade de levantamento de requisitos identifica e classifica os requisitos do
sistema. Nesta atividade da MDEReq, o primeiro artefato gerado ¢ uma lista de requi-
sitos, onde os requisitos devem ser classificados em funcionais e ndo funcionais e
podem ser priorizados. Esta lista serve como base para a criagdo do diagrama de re-
quisitos, que indica os relacionamentos entre os requisitos. Este artefato evolui nas
proximas atividades do workflow a medida em que os modelos sdo refinados.

Na atividade de analise e especificacdo da MDEReq, as informagdes obtidas no le-
vantamento sdo refinadas [5] através da constru¢do de diagramas UML de casos de
uso, de classes e de sequéncia. Estes diagramas sdo adotados para a modelagem de
diferentes visdes dos requisitos do sistema. Para modelar aspectos especificos do
dominio de sistemas embarcados (ex: deadlines ¢ periodo de tarefas ou outros RNFs
ou ainda a interagdo com componentes fisicos do sistema), estes diagramas sdao deco-
rados com estere6tipos do MARTE. Apos, o diagrama de requisitos € incrementado
de forma a incluir relacionamentos entre requisitos e elementos dos diagramas UML,
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tais como casos de uso ou diagramas de sequéncia. Da mesma forma, durante a ativi-
dade de validag@o, casos de teste sdo definidos e relacionados aos requisitos no dia-
grama de requisitos.

O workflow define também uma atividade de gestdo de requisitos que ocorre em
paralelo as demais. A gestdo na MDEReq baseia-se na geracdo de matrizes de rastre-
abilidade. Tais matrizes sdo geradas a partir do diagrama de requisitos da SysML.
Este diagrama permite definir diferentes tipos de relacionamentos entre requisitos e
entre requisitos e outros artefatos (ou seja, elementos do modelo), além de mostrar a
hierarquia dos requisitos. Na MDEReq, sdo utilizados os relacionamentos derive,
composite, refine, verify e satisfy para dar suporte as matrizes de rastreabilidade em
diferentes niveis de abstragdo ou em diferentes fases do projeto.

Nas etapas iniciais do projeto, quando os requisitos estdo sendo levantados, ¢ gera-
da a matriz de rastreabilidade de requisito para requisito usando relacionamentos do
tipo derive e composite. Esta matriz tem a finalidade de apoiar a gestdo de mudangas
nos requisitos, quando um requisito ¢ derivado a partir de um requisito base ou quan-
do um requisito ¢ decomposto em outros. A matriz de rastreabilidade de requisitos
para os artefatos de projeto é gerada apos a atividade de analise e especificagdo atra-
vés dos relacionamentos de refine e satisfy, indicando que um elemento do modelo
refina ou satisfaz um requisito. Neste caso, os elementos do modelo sdo diagramas de
casos de uso e de sequéncia. Desta forma, quando o requisito ¢ alterado, ¢ possivel
identificar de forma grafica quais elementos do modelo devem ser alterados. Por fim,
a matriz de rastreabilidade de requisitos para casos de testes ¢ gerada através do rela-
cionamento de verify. Esta matriz se destina a equipe de testes e indica quais testes
s30 usados para testar a satisfacdo de um requisito e também pode indicar quais testes
devem ser redefinidos em fungdo de uma mudanga em um requisito.

As matrizes propostas na MDEReq permitem que os envolvidos no projeto tenham
varias visdes dos requisitos do sistema em varios niveis de abstracdes, facilitando a
geréncia e o planejamento das mudangas ao longo do projeto, além de permitir o con-
trole mais rigido sobre requisitos funcionais e ndo funcionais do sistema.

4 Estudo de caso

Seguindo a MDEReq, a modelagem do software de controle de freio ABS foi realiza-
da para este estudo de caso, iniciando com a listagem de requisitos e diagrama de
requisitos inicial e seguindo com o detalhamento destes requisitos através de diagra-
mas UML/MARTE. O diagrama de requisitos ¢ incrementado a cada atividade, inclu-
indo novos elementos e relacionando-os aos requisitos do sistema, sejam eles funcio-
nais ou nao funcionais. Por limitagdo de espago, ndo sdo apresentados todos os dia-
gramas usados neste estudo de caso. Como muitos trabalhos ja demonstram a mode-
lagem UML/MARTE de sistemas embarcados, este estudo foca na gestdo de requisi-
tos. A Figura 2 ilustra o diagrama de requisitos completo (apds as evolucdes), o qual
serve como base para a geragao das matrizes de rastreabilidade propostas pela MDE-
Req. A Figura 3 ilustra a matriz requisito x requisito gerada a partir deste diagrama.
Por limitagdo de espago, ndo sdo apresentadas as outras duas matrizes. A matriz ilus-
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trada indica, por exemplo, que uma mudanga no requisito Monitorar Velocidade exige
uma verificagdo nos requisitos Ler velocidade das rodas e Temporizagdo do ABS.

«testCasen B , . testCasen @ Bl ccatisfy>>
© Moniterar Velocidade ] calcula Pressao ,,,,,,fv
Definirpressao Monitorar velocidade !
T
Tecerify | <crefines> ! <cverify>> ']
! V:' V «<functional requirement=>
" " Calcular pressao da Frenagen|
<<functional requirement>> <<functional requirement>> KpRequirs-menku g
| Definirpressao | Monitorar Velocidade id=R3
«Requirementy ;
id=R4 id=R2 «testCase» @ A
T R ® Temporizagao do ABS | <<verify>>
A H
| ) ] A
i ! I !
' ' 1 <<deriver> ' Calcular pressao da frenagem
I | <<satisfys> T ] |
w o N L
<<performance requirement>> AVA <eperformance requirement>>
Atraso na atualizagao <functional requirement>> Temporizacao do ABS <<requirement>>
«Requirement» ) Ler velocidade das rodas «Requirement Composicao do ABS
id=R7 |<derive>> «Requirement» id=R8 «Requirement»
id=R1 ry id=R5
A f
<everiys | A §<derive>>
<<V =
| erify ! <<performance requirement>> <<verifys>

<<

.
«testCasen atestCasen ] Temporizacao dos sensores
«Requirement» atestCasen 1]
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Fig. 2. Diagrama de Requisitos do sistema de freio
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Fig. 3. Matriz de Rastreabilidade de requisito para requisito.

5 Conclusoes

Este artigo apresentou uma abordagem de engenharia de requisitos orientada a mode-
los para o dominio de software embarcado, chamada MDEReq. Esta abordagem ba-
seia-se em modelos UML, SysML e MARTE para suportar a completa especificagao
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de requisitos, bem como a gestdo de requisitos para o dominio de sistemas embarca-
dos. Esta integracdo das notagdes ¢ importante neste dominio, sobretudo pelo grande
nimero de RNFs que devem ser especificados e geridos. A gestdo proposta ¢ baseada
em matrizes de rastreabilidade geradas a partir do diagrama de requisitos. Para de-
monstrar a abordagem, um estudo de caso foi usado, o qual envolve um sistema em-
barcado critico com varios RNF a serem modelados e gerenciados. Atualmente, as
matrizes de rastreabilidade sdo geradas manualmente, no entanto, a implementacéo de
um suporte automatizado esta prevista em nossos trabalhos futuros.
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Abstract. El Analisis Comunicacional (CA del inglés Comunicational Analy-
sis) es un método basado en la comunicacion para el modelado de proceso de
negocio y requisitos que propone el analisis de los sistemas de informacion
desde una perspectiva comunicacional. Este método se basa en analizar los flu-
jos de informacion. En un contexto de desarrollo To-Be, donde no se cuenta con
documentacion previa para analizar, este tipo de perspectiva puede ser comple-
mentada con un modelo motivacional, comenzado el proceso de analisis desde
una perspectiva de objetivos de la organizacion, hasta llegar a modelar lo que se
quiere hacer concretamente. Este trabajo propone una estrategia de integracion
entre CA y un modelo de objetivos. Esta integracion permitira captar la inten-
cionalidad y objetivos de la organizacion en sus diferentes niveles de abstrac-
cion, dandole racionalidad al sistema y alineando los procesos con los objetivos.

Keywords: Analisis Comunicacional, Modelo de Objetivos, Procesos de Nego-
cio.

1 Introduccion

En la Ingenieria de Software, el proceso de desarrollo de software no siempre cuenta
con un contexto definido o sistema previo (automatizado o no) donde llevarse a cabo.
Aun en la actualidad existen situaciones de exploraciones de negocios innovadores o
nuevas oportunidades de negocio en base a adelantos tecnoldgicos [12]. Este es un
contexto de desarrollo To-Be, es decir, se pretende construir el sistema de informacion
que dara soporte al negocio. En este tipo de contextos, comenzar el analisis desde una
perspectiva de objetivos permite modelar la vision de lo que se quiere para luego ir
construyendo los procesos que permitiran llevar a cabo esa vision. Tener presente y
modelar la visiéon es fundamental para los subsecuentes procedimientos. Distintas vi-
siones y objetivos generales produciran diferentes procesos operacionales [15]. Los
modelos de objetivos son ampliamente utilizados en Ingenieria de Requisitos. La razén
de su uso se debe al alto grado de abstraccion que ofrecen, su mayor estabilidad compa-
rada con los requisitos definidos para implementarlos, la posibilidad que brindan para
explorar alternativas de solucion, la verificacion de la completitud de los requisitos y la
trazabilidad desde el contexto organizacional hasta los requisitos [25].




CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

El Analisis Comunicacional (CA) es un método de Ingenieria de Requisitos para el
desarrollo de Sistemas de Informacion (SI) [6]. Se basa en una perspectiva comunica-
cional, poniendo énfasis en las interacciones comunicacionales que ocurren entre el
SI y su entorno. CA esta integrado a la metodologia de desarrollo de software OO-
method [23], de esta manera se cuenta con una metodologia de desarrollo alineada a
Model Driven Architecture (MDA), [19] que parte de los requisitos desde una perspec-
tiva comunicacional hasta la obtencion del cddigo. En un contexto de desarrollo To Be
(from Scratch), comenzar el analisis desde una perspectiva comunicacional puede ser
no tan efectiva, ya que ésta se concentra en las interacciones ente el actor y el sistema,
util particularmente cuando se quiere hacer el analisis de procesos existentes y sus
posibles flujos de comunicacion [15]. Por esta razén, en un contexto de desarrollo To-
Be una perspectiva comunicacional (y en particular CA) puede ser complementada con
una perspectiva motivacional, como propone el modelo Business Motivation Model
[20] comenzado el analisis desde una perspectiva de la vision y objetivos de la organi-
zacion, “lo que quiere ser” (el fin) que se ird descomponiendo hasta “lo que decida
hacer”(los medios para llegar la fin). Esta integracion entre objetivos y procesos permi-
tira captar la intencionalidad y objetivos de la organizacion en sus diferentes niveles
de abstraccion, dandole racionalidad al sistema y alineando los procesos con los objeti-
vos. Este trabajo estd organizado de la siguiente manera: en la Seccion 2 se describe
brevemente la estrategia de Analisis Comunicacional. En la seccion 3 se presenta
nuestra propuesta de integracion de CA con un modelo de objetivos y se ejemplifica a
partir de un caso de estudio. En la Seccion 4 se analiza nuestra propuesta respecto a
otras existentes. Finalmente, en la Seccion 5 presentamos conclusiones y futuros tra-
bajos.

2 El método CA

CA es un método basado en la comunicacion para el modelado de procesos de nego-
cio y requisitos que propone el analisis de los sistemas de informacion desde una
perspectiva comunicacional [8]. Este método esta soportado dentro de un Frame-
work de desarrollo MDA. Este Framework puede verse como un proceso de ingenier-
ia_forward que permite la generacion de codigo fuente desde los modelos de requisi-
tos. CA estda organizado en 5 niveles de refinamiento: el nivel NI: Siste-
mas/Subsitemas) describe la estructura y estrategia organizacional. En el nivel N2:
Procesos se identifican las interacciones comunicacionales entre el ambiente y el
sistema de informacion y se detectan los procesos. En el N3: Interacciones comuni-
cativas, se detallan los procesos y las comunicaciones del nivel anterior. El nivel 4:
Ambiente, se enfoca en el disefio de las interfases y el almacenamiento de los datos.
Finalmente el N5: Operativo, se realiza la implementacion.

CA propone el modelado de los Diagrama de Eventos Comunicacionales (CED
de su nombre en ingles), técnica de modelado de procesos de negocio que adopta una
perspectiva comunicacional. Un CED esta formado por eventos comunicacionales. Un
evento describe acciones relacionadas al manejo de la informacion que se llevan a
cabo de manera completa e ininterrumpidamente al recibir un estimulo externo. Los
eventos son identificados con un criterio de unidad de eventos comunicacionales [9]
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el cual guia la modularidad de los procesos de negocio. Este criterio consiste en tres
conceptos que se tienen que cumplir para detectar un evento: unidad de desencade-
namiento o frigger (implica que el evento ocurre como respuesta a una interaccion
externa y por consiguiente algiin actor la desencadeno); unidad de comunicacion (que
implica que cada evento debe producir informacion relevante y nueva) y la unidad de
reaccion (que implica que el evento es una composicion de acciones sincronicas).
Asociados a los eventos estan los actores: el actor primario que desencadena el evento
y provee la informacion; el actor interfase que actia fisicamente con el sistema de
informacion y el actor receptor, que es informado de la realizacion del evento. Las
comunicaciones en los eventos son: comunicacion de entrada que es una interac-
cién comunicativa que proviene del actor primario y alimenta al SI con nueva y sig-
nificativa informacién y comunicacion de salida es una interaccion de comunicacion
que consulta el SI 'y brindando la informacion al actor receptor. Los eventos son orga-
nizados en el diagrama de acuerdo a su precedencia. CA completa el modelado de los
CED con plantillas para describir los eventos y las estructuras de mensajes para
especificar la informacion. Los modelos producidos por CA constituyen la entrada
para la estrategia de transformacion que obtiene modelos OOMethod [23]. Esta Es-
trategia, implementada en Integranova, permite posteriormente compilar los modelos
OOMethod para obtener codigo fuente. De esta manera, CA cubre los aspectos de
modelo de requisotas y procesos de negocio dentro de Framework de desarrollo
MDD. En [6,7, 8, 9, 23], se detalla esta propuesta.

3 Una propuesta de integracion de objetivos con CA

En esta seccion se presenta la integracion de un modelo de objetivos con CA. La estra-
tegia comienza con los objetivos generales de la organizacion que se van refinando
hasta llegar al nivel de tareas, en el que se pueden definir los procesos comunicaciona-
les modelados con CED. De esta manera quedan alineados los objetivos estratégicos
con la identificacion de las tareas y las interacciones comunicacionales que se llevaran
a cabo para cumplirlos. El modelo de objetivos complementa el Nivel 1 de CA, en
donde se realiza una descripcion estratégica del sistema organizacional y su entorno.
Los pasos propuestos son los siguientes:

1- Definicion del Modelo de Objetivos y tareas

2- Definicién de los Actores

3- Modelado de Tareas

4- Definicion de procesos

Los pasos 1 y 2 no son necesariamente secuenciales, pueden ser realizados en para-
lelo o en el orden inverso. A continuacion se desarrolla y se ejemplifica cada paso.

3.1 Definicion del Modelo de Objetivos y tareas

El primer paso es la definicion de un modelo de objetivos de la organizacion. En esta
propuesta se define el concepto de objetivo en base a los conceptos presentados en
[9] donde se define un objetivo organizacional como un objetivo que afecta a las
acciones de un sistema organizacional (es decir, el comportamiento de sus actores).
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Asimismo, consideramos los objetivos funcionales como aquellos que puede refinar-
se hasta llegar a modelar objetivos operacionalizables que determinaran los procesos
del negocio.

Se modela una jerarquia de objetivos de la organizacion cuyos niveles inferiores
son los que dan lugar a los procesos del negocio, siguiendo un modelo clasico and/or
de objetivos-tarea, como el que se propone en varias de las estrategias (Seccion 4).
Esta jerarquia representa objetivos a diferentes niveles de abstraccion desde los objeti-
vos estratégicos hasta llegar a los objetivos operacionales [28]. La estrategia se basa
en un grafo AND/OR de objetivos generales que representan lo objetivos de la organi-
zacion y se termina en nodos terminales que representan tareas; de esta manera se
logra operacionalizar todos los objetivos [15]. Basicamente, la descomposicion permite
modelar niveles de abstracciones [13] siendo los niveles superiores intencionales y los
inferiores operacionales. Un objetivo a un determinado nivel describe QUE necesita ser
realizado. Al mismo tiempo este objetivo puede ser considerado como un fin (POR
QUE) para otro objetivo de mas bajo nivel, asi como también como un medio (COMO)
para otro objetivo de mas alto nivel. Los objetivos que estan en el ultimo nivel son los
operacionales, en algunas estrategias, estos objetivos ya son considerados como tareas
que pueden ser asignadas a un determinado rol dentro de la organizacién [10,13, 29].
En nuestro modelo vamos a caracterizarlos como tareas. De esta manera quedaran
explicitamente alienados los procesos que llevan a cabo estar tareas con los objetivos
de la organizacién que se pretenden cumplir. La Fig.1 muestra el modelo utilizado,
que adopta la descomposicion y el nivel de abstraccion presentado en [14] e incorpora
la componente tarea como en [10, 13, 29].

3.1.1 Elicitacion de los objetivos
En este apartado, seleccionamos algunas estrategias para la construccion de nuestro
modelo de objetivos dentro del contexto de desarrollo To Be y dependiendo del tama-
fio y complejidad del problema:

- Se puede aplicar el método de generacion de ideas, estrategia que involucra acti-
vamente a los stakeholder utilizando métodos estilo brainstorming que permite descu-
brir nuevos sub-objetivos a partir de los objetivos [18].

- Si la organizacion no es compleja, la misma estructura jerarquica del grafo permite
una estrategia basica de elicitacion Top Down o Bottom Up a través de la preguntas
de (Por que? {Qué? y ;Como? [13, 14, 15].

- En organizaciones complejas, se puede utilizar la estrategia presentada en [28], que
propone guias para elicitar objetivos en los diferentes niveles de la organizacion:
estratégico (la vision de la empresa, los objetivos de mas alto nivel), tacticos (son los
objetivos que soportan al nivel estratégico) y finalmente los objetivos operacionales
que son los que se pueden materializar en los procesos del negocio. Si bien nuestro
grafo no sigue esta clasificacion de objetivos, el nivel de abstraccion de los momos y
compatible con la misma. Entonces, estas guias pueden ser utilizadas porque respon-
de a la vision de un modelo general de objetivos representado con un grafo extendi-
do AND/OR en donde la idea de descomposicion es un proceso gradual que abarca
transformaciones causales de objetivos de alto nivel de abstraccion en uno o mas sub-
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objetivos hasta poder describir tareas que se pueden operacionalizar a través de un
proceso de negocio definido razonablemente.

POR QUE?

Nivel Intencional POR QUE?

como

como
Nivel Operacional

— Objetivos C> Tareas A Or /\ And
Fig. 1. Modelo de Objetivos

COMO

El modelo propuesto es un modelo general que cubre una especificacion basica de
objetivos. Dependiendo del nivel de complejidad de la organizacion, este modelo pue-
de ser reemplazado o incrementado por modelos mas sofisticados que permitiran rea-
lizar un analisis mas exhaustivo de los objetivos (Seccion 4).

3.1.2 El Modelo de Objetivos aplicado a un Caso de Estudio

Ejemplificaremos la propuesta con el siguiente caso: Una pequefia empresa de tambos
desea comenzar un nuevo emprendimiento de venta de productos lacteos creando una
empresa “Tradicion Tandilense” que pretende ser una pequefia firma de productos
gourmet(quesos especiales y dulce de leche). Al principio, tercerizaran la produccion
(produccion a fason'). En cuanto a la comercializacion, la empresa abastecera de ma-
nera exclusiva a un importante comercio de la zona (y sus sucursales) por lo que el
excedente debera ser comercializado a particulares y no a otros comercios. Desean
convertirse en la principal abastecedora de su principal Comprador. Si bien es una
empresa pequefia y no tiene muchas variabilidad en sus operaciones, describir los
objetivos de manera explicita y sencilla ayuda a tener en claro que se quiere ser y de
que manera organizar el trabajo para poder cumplirlos. La fig. 2 muestra un modelo
parcial de objetivos, se puede observar que el objetivo “Vender el excedente a particu-
lares” por el momento no ha seguido siendo explotado, ya que al ser una empresa que
recién comienza y tiene un comprador muy importante que comprara casi el total de las
producciones iniciales, se priorizan los otros objetivos, concentrandose en los aspectos
de la produccion y abastecimiento a este cliente. También aparece como objetivo
Disponer de un empleado exclusivo para cada sucursal que no se sigue analizando ya
que este trabajo se centra en las heuristicas de definicion de procesos a partir de objeti-
vos funcionales y no en el analisis de alternativas de objetivos.

Término utilizado en el ambito industrial para sefialar la manufactura de un producto por
mandato de un tercero, duefio de una marca, en el cual éste puede proveer de las materias
primas e insumos que son necesarias para la misma.
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Convertirse en una pequefia empresa

gourmet reconocida en la region

Abastecer eficientemente Tener productos de

Vender el excedente

al principal comprador excelente calidad

de manera particular

Disponer un Empleado

Atender eficientemente a cada sucursal

Atender reclamos

Verificar si la orden
se puede cumplir

exclusivo por sucursal

Manejar cobranza

Actualizar estado

Atender ventas

Atender el
pedido

Organizar

transporte cuenta sucursal

Fig. 2. Modelo parcial de objetivos de la empresa Tradicion

3.2 Definicion de los Actores

En CA, un actor organizacional es todo actor cuyo comportamiento es significativo
para la organizacion y que, bien por pertenecer a la propia organizacion o a su sistema
de interés, queremos modelarlo (normalmente en forma de roles) para evidenciar su
participacion en los sucesos comunicacionales. En [1] se propone una taxonomia de
stakeholders (onion model) en donde se define los tipos de stakeholders en los diferen-
tes niveles que involucran al sistema (representados en capas comenzando con el
nuicleo que representa el producto o servicio requerido hacia el nivel que representa el
contexto que absorbe a la organizacion en donde se instalara el producto). Esta taxo-
nomia concuerda con la vision de los sistemas que tiene CA (sistema de informacion,
sistema de informacion computarizado, sistema organizacional), con lo cual puede ser
utilizada para descubrir y definir los actores en nuestra propuesta.

3.2.1 El Modelo de Actores aplicado a un Caso de Estudio

En el caso del ejemplo, se definen los actores de la organizacion. La empresa cuenta
con tres personas que cumplen distintos roles: Vendedor, Encargado de camara,
Transportista, (estos dos Ultimos a cargo de una misma persona), Jefe general y
Controlador de la produccion (estos dos ultimos, por el momento a cargo de una
misma persona). Otro actor fundamental son las sucursales, ya que cada una de ellas
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se maneja como un negocio independiente a cargo de un encargado, de esta manera
consideramos un rol Encargado de sucursal para la interaccion de la empresa.

33 Modelado de Tareas

El ultimo nivel del grafo representan las tareas, que en esta etapa deben especificarse
con mas detalle. Las distintas estrategias estudiadas complementan la informacion a
través de diversos enfoques (Seccion 4). En nuestra propuesta definimos un listado
separado con las especificaciones detalladas de cada tarea que complemente el ultimo
nivel del grafo, siguiendo la idea de i*[10] y [15, 16]. De esta manera, ambos modelos
(objetivos y tareas) quedan mas sencillos y faciles de comprender. Por cada tarea se
define informacion complementaria:

Responsables: ;Qué roles son los encargado de llevar a cabo la tarea? Esta idea esta
basada en la asignacion de tareas a roles [ 15], la asignacion de un agente a un objetivo
operacional de KAOS [29] y la modelizacion de la dependencia Actor/Tarea en el
Modelo de la Razon Estratégica (SR de su original en inglés) de i*. Pueden ser va-
rios responsables: uno cuyo rol serd recepcionar los datos de entrada (rol de interfaz
en CA) y otro(s) para ejecutar cada una de las acciones de la tarea (rol de soporte).

Datos de Entrada: ;Qué datos o informacion necesita la tarea? ;Son todos obligato-
rios? (Hay opcionales? La idea de datos de entrada esta considerada en [15,16], y en i*
con la relacion de dependencia hacia un recurso.

Responsable de la entrada: ;Qué rol es el encargado de brindar estos datos? O ;Qué
otra tarea produce estos datos?

. Quien desencadena la tarea? ;Que rol desencadena o solicita o inicia la tarea?
Salida: ;Qué datos (que resultado) produce?, la misma idea de [15,16], y similar al
concepto de dependencias del modelo SR de i*.

Receptor de la salida: ;Quien es el receptor de esa salida? Este dato es similar a la
idea de dependencias entre actores del Modelo de Dependencias Estratégicas (SD de su
nombre en inglés) de i*.

Acciones: una tarea esta compuesta por acciones (indivisibles) que ejecutadas en un
determinado orden logran llevar a cabo la tarea.

En este listado pueden aparecer tareas nuevas, que no fueron modeladas en el gra-
fo de objetivos por ser de mas bajo nivel o ser de soporte a otras tareas. En los casos en
que la organizacién es simple, el realizar las preguntas de cada item ayuda en la elici-
tacion de la informacion. En [15,28] existen guias que ayudan a la asignacion de roles
a determinados objetivos/tareas cuando la organizacion es de mayor complejidad.

3.3.1 Modelado de Tareas aplicado al caso de estudio.

Continuando con el ejemplo, una vez establecido el (o parte del) modelo de objetivos,
es momento de especificar las tareas representadas en el nivel mas bajo del mismo.
Por cuestiones de espacio, la Fig. 2 solo muestra parte del refinamiento del objetivo
“Atender ventas”, que al ser refinado, aparecieron tareas concretas para satisfacerlo:
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Tarea: Atender el pedido

Responsables: Vendedor

Datos de Entrada: pedido

Responsable de la entrada: Encargado de Sucursal

. Quien desencadena la tarea? Encargado de Sucursal
Salida: orden ingresada

Receptor de la salida: Vendedor

Acciones: recibir el pedido via e-mail, teléfono o personalmente.
Genera una orden con el pedido, el nimero de sucursal y nimero de orden.

Tarea: Verificar si la orden se puede cumplir
Responsables: Encargado de Camara

Datos de Entrada: orden ingresada
Responsable de la entrada: Vendedor
,Quien desencadena la tarea? Vendedor

Salida: la orden ingresada se puede cumplir (orden verificada) o No hay en stocks algunos

de los productos de la orden ingresada (orden no verificada)
Receptor de la salida: Vendedor o Encargado de Sucursal
Acciones: el encargado de camara verifica si hay suficiente stock

Tarea: Organizar transporte

Responsables: Transportista

Datos de Entrada: orden verificada

Responsable de la entrada: Vendedor

,Quien desencadena la tarea? Vendedor

Salida: fecha de traslado de orden

Receptor de la salida: Vendedor o Encargado de Sucursal

Acciones: verificar dias libres o un viaje por zona de sucursal con capacidad para transportar

la orden verificada, asignar la orden al viaje en ese dia, informar

Tarea: Actualizar cuenta sucursal

Tarea: Actualizar stock

3.4  Definicién de procesos

Un proceso describe una secuencia de tareas dentro de la organizaciéon que son reali-
zadas para alcanzar un objetivo del negocio. Dentro de nuestra propuesta, considera-
mos al proceso desde un punto de vista comunicacional, es decir se define al proceso
mediante un CED. Un evento comunicacional es un conjunto de acciones relaciona-
das a la informacion (adquirir, almacenar, procesar, retornar, distribuir) que son lle-
vadas a cabo de una manera completa e ininterrumpidamente [6]. Por esta razon,
dentro de nuestra definiciéon de procesos, debemos poner énfasis en tareas definidas
en el punto anterior para detectar la informacion que éstas producen o consumen. En
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un contexto de un sistema To Be, es dificil establecer un criterio para definir que
conjunto de tareas formaran un proceso. Definimos las siguientes heuristicas:
Heuristica 1: Definicion de un proceso
Por cada subarbol del grafo de objetivos que tenga como raiz un nodo que tenga al
menos una tarea como descendiente, se define un CED para satisfacer a ese objetivo
(Fig. 3). El nombre del proceso sera el nombre del objetivo.

Sub-Heuristica 1.1: las ramas que contengan objetivos, podran ser consideradas
un subproceso (en este trabajo en particular, como se modela un CED, no se tiene en
cuenta esta abstraccion, sin embargo es util mencionarla para una futura generalizacion
de la propuesta)

e
o

~
~ Proceso
1

Fig. 3. Determinacion de un proceso

En el modelo parcial de la figura 2 que representan parte de los objetivos de la organi-
zacion en estudio, el objetivo operacional “Atender ventas”, ya pudo ser refinado en
tareas concretas para satisfacerlo. Este objetivo se convierte en un Proceso que sera
especificado con un diagrama de eventos cuyo nombre sera Atender Ventas.

Heuristica 2: Definicion de eventos comunicacionales

Se analizan todas las hojas del subarbol que representan las tareas par definir los
eventos comunicacionales. Se procede a detectar los eventos comunicacionales a partir
de estas tareas. Se debe analizar cada tarea desde una perspectiva comunicacional,
verificando si cumplen con el “criterio de unidad” (ver seccion 2) que les permitira ser
definidas como eventos. Si cumplen, entonces:

- la tarea se convierte en un evento,

- el actor desencadenante de la tarea se convierte en el actor primario

- si hubiera un actor receptor de la tarea, éste se convierte en el receptor del evento

- las entradas y salidas de la tarea provistas por los actores correspondientes se
convierten en las comunicaciones de entrada y salida del CED.

- en el caso que hubiera sido detectado un inico responsable de la tarea, éste sera el
actor interfaz del evento. Si hay varios responsables es porque la tarea tiene una serie
de acciones que la describen, se detecta el responsable de la accion que recepciona los
datos del actor primario que sera el actor interfaz (el resto de los actores se modelaran
como actores de soporte cuando se especifique el evento).

Heuristica 3: Definicion del Diagrama de Eventos Comunicacionales

Finalmente se establece un orden de dependencias entre los eventos detectados y se
define el CED relativo al proceso detectado. La relacion de dependencia se basa en los
datos que cada evento necesita. Seguin [15], los recursos de una tarea deben estar pro-
vistos por otro, esto significa que si como resultado de una tarea se produjo un deter-
minado recurso y otra tarea la consume, hay un claro nivel de precedencias entre am-
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bas. Es esta dependencia de informacion la que marcara las dependencias de prece-
dencia entre los eventos. De esta forma los CED surgen como consecuencia de querer
cumplir los objetivos de la organizacion que se fueron refinando hasta llegar a objeti-
vos operacionales.

3.4.1 Modelado de Procesos aplicado al Caso de Estudio

Continuando con el ejemplo, la tarea “Atender el pedido” cumple con el criterio uni-
dad: Existe una actor que desencadena la accion (criterio de unidad de trigger) que es
el Encargado de sucursal, se crea nueva informacion para el sistema, a partir de un
pedido de productos, ya que se va a crear una orden que incluye el pedido, el cliente y
un numero de orden (unidad de comunicacion), por ultimo esta tarea involucra varias
acciones sincronicas (un pedido telefonico, via mail o de manera personal y luego la
creacion de la orden para ese pedido). Se crear un Evento comunicacional “Atender
pedido” cuyo actor primario es “Encargado de sucursal”. En este caso como hay un
unico actor responsable (Vendedor), este serd el actor interfaz del evento. (Cuando se
especifique en detalle los eventos, este actor también sera el actor soporte). En el caso
de la tarea Verificar orden, cumple con el criterio (tiene un actor desencadenante, una
reaccion y un conjunto de acciones sincronicas) y dado que existe dos posible reaccio-
nes, el evento va a tener dos variantes: “orden ingresa verificada” y “orden ingresada
no verificada”. En este Gltimo caso se finaliza el proceso (puede haber otras opciones).
Luego de detectado los eventos, se procede a establecer el orden aplicando la heuristi-
ca 3. En el ejemplo se puede observar que el evento “Atender pedido” necesita el pe-
dido que es ingresado por el actor primario. Este evento es considerado el primero en el
orden de precedencias del diagrama. El evento “Verificar orden” es desencadenado
por el encargado con la orden ingresada, por lo cual se puede llevar a cabo una vez que
el pedido haya sido almacenado como orden.  En este caso, hay dos alternativas, una
que da por finalizado el proceso por no poder cumplir la orden y otra que sigue el curso
normal de la venta. Finalmente los eventos: Organizar transporte, Actualizar stock y
Actualizar cuenta sucursal sdlo tienen una relacion de dependencia con el evento
“Verificar orden”. La Fig. 4 muestra parte del diagrama generado.

4 Discusion y analisis de la propuesta

Las estrategias de ingenieria de procesos orientadas a objetivos son en general el resul-
tado de la integracion o extension de estrategias de modelado de objetivos y de estrate-
gias de modelado de procesos de negocios [11,17]. En esta seccion analizamos y fun-
damentamos nuestra propuesta en relacion a las principales estrategias existentes.

El modelo de objetivos de nuestra propuesta es un grafo And/Or compatible con los
modelos presentados en [5, 28,29]; y similares a [13, 14,15] aunque estos ultimos no
distinguen ramas And/Or. Asimismo, puede ser considerado como una simplificacion
del modelo SD de i* tomando a la Organizacién como un Actor, y modelando las
intenciones a través de objetivos y tareas. Este modelo propuesto es un modelo gene-
ral que cubre una especificacion basica de objetivos. Dependiendo del nivel de comple-
jidad de la organizacion, este modelo puede ser reemplazado o incrementado por mo-
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delos mas sofisticados que permitiran realizar un analisis exhaustivo de los objetivos.
Por ejemplo, se pueden utilizar los modelos SD y SR de i*, si lo que se necesita es
profundizar en el andlisis de las intenciones y dependencias de los actores. Si se quie-
re hacer una andlisis de alternativas viables se puede extender el grafo con aspectos
no funcionales representados por sofigoal (objetivos soff) como se propone en i* o
KAOS. Sin embargo, no siempre es beneficioso contar con modelos mas complejos y
completos pero que requieren mas esfuerzo tanto en su construccion como en su com-
prension [24]. El andlisis de requisitos es esencial, pero cuesta tiempo y dinero. Un
proyecto de desarrollo obtiene el mejor valor para su inversion cuando se aplica el sufi-
ciente y justo esfuerzo en cada elemento de requisito [2]. Asimismo, nuestra propuesta
por ahora sélo contempla la dimension funcional de los objetivos, concentrandose en
aquellos que seran utilizados par la definicion de los procesos. Sin embargo existen
diferentes clasificaciones y taxonomias [3, 29].

El altimo nivel de nuestro modelo representa tareas. Este concepto esta presente
en varias estrategias: en [15] se crea una tabla de entradas y salidas para cada una de
las tareas detectadas en el grafo. En [16] el modelo i* es extendido con notaciones de
flujo de control y de datos. En el modelo SR de i* se detalla una tarea con links la
dependencias y descomposiciones que ésta posee [10]. En KAOS, la descomposicion
de los objetivos llega hasta lograr un objetivo operacionable que se asigna a un agente.
En nuestra propuesta, se crea un listado de especificacion de tareas, permitiendo que
ambos modelos (objetivos y tareas) estén relacionados entre si pero a la vez sean senci-
llos y faciles de comprender.

En [13, 14, 15, 16, 26,27] cada modelo de objetivos representa a un proceso en
particular, no teniendo un modelo de objetivos de la organizacion. Los nodos de bajo
nivel del modelo seran las tareas de ese proceso. La propuesta de [5] modela los obje-
tivos generales y propone heuristicas para detectar los procesos. Nuestra propuesta
sigue este ultimo lineamiento partiendo de modelos generales y proveyendo de una
estrategia de derivacion de procesos. En cuanto a la definicion de procesos a partir de
objetivos, se ha detectado que la mayoria de de los métodos que aplican estrategias
orientadas a objetivos en el modelado de procesos generalmente carecen de un mapeo
sistematico entre los conceptos de objetivos y los de procesos y no describen detalla-
damente las transformaciones entre ellos [4]. Todas las estrategias mencionadas en el
articulo comienzan el modelado de objetivos desde un alto nivel de abstraccion hasta
llegar a objetivos operacionables o tareas que pueden ser asignadas a roles, proveyen-
do racionalidad de porqué el trabajo debe ser realizado y como se termina llevando a
cabo mediante los procesos. Nuestra propuesta sigue esta linea. En [16] el modelo i*
que representa a un proceso ya establecido es extendido con notaciones de flujo de
control y de datos para luego derivar las componentes de ese proceso en BPEL [22].
Al modelarlo con BPEL, no se necesita la asignacion tarea /actor. En nuestra propues-
ta, al derivar a un CED, se concreta una asignacion de actores a los eventos. En la
propuesta de [5] se propone una guia sistematica para derivar un modelo de procesos
definidos en BPMN [21] a partir de modelos de objetivos, proponiendo como un pro-
ceso de negocios a un subarbol que contenga solo tareas. No se define como es la asig-
nacion de las tareas a los pools del proceso, los cuales se detectan a partir de las enti-
dades de un dominio de interés asociado al modelo de objetivos. En nuestra propuesta
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cada tarea es especificada y detallada y esta informacion sirve para detectar los actores
responsables de cada evento comunicacional.

4 N\
Pedido Venta 01 Orden
Encargado > Atender Pedido »  Vendedor
Sucursal L Vendedor )
\l/
Orden 4 Venta 02 N\
Vended _— 0 " Respuesta (Orden verifica-
endedor Verificar orden da/ Orden no verificada)
%M [Verifica] Vendedor
\__ [fncargado Cdmara| /
( R
Venta 03
Orden verificada Organizar transporte | Fechas traslado
—> 1y Encargado
Vendedor \____Transportista J ¢
r Sucursal
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Orden verificada Actualizar cuenta Cuenta actualizada
Vendedor sucursal > Encargado
\_ Vendedor ) Sucursal
4 Venta 05 )
Orden verificada Actualizar stock
= Stock
Vendedor d Vendedor 1 > Vendedor
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Fig. 4. CED “Atender Ventas”

5 Conclusiones y futuros trabajos

En un contexto de desarrollo To_Be, donde no existe un sistema previo donde poder
realizar Analisis comunicacional, se intenta disponer de una guia para derivar sistema-
ticamente procesos de negocio a partir de un modelo de objetivos. El modelo de obje-
tivos comienza con los objetivos generales de la organizacion que luego son refinados
hasta alcanzar objetivos operacionales. A partir de ese modelo, se proponen heuristicas
para definir los procesos que satisfagan los objetivos. Los diagramas resultantes son
considerados un punto inicial y necesariamente deben ser refinados por los analistas
para poder definir procesos con calidad, alineados a los objetivos. Este trabajo no
pretende definir un nuevo modelo de objetivos sino adaptar existentes, proponiendo un
modelo simple que puede ser extendido seglin la necesidad o la complejidad del con-
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texto. Se pretende brindar un punto inicial a CA en el contexto de un desarrollo To Be
que permita detectar y especificar los procesos a partir de los objetivos.

El desarrollo de este trabajo esta en su fase inicial. Seria razonable estudiar la posi-
bilidad de aplicar el criterio de unidad comunicacional en el momento que se estan
identificando tareas. En esta primera version, las tareas surgen como resultado del
refinamiento de un modelo de objetivos usando alguna estrategia ya existente, y luego
se aplica el criterio de unidad a la hora de definir los eventos. Se debe estudiar que
ocurre cuando una tarea tiene mas de un padre en el grafo (tareas soporte). Seria intere-
sante contar con guias para definir procesos de soporte a los procesos del negocio.
También se debe estudiar si existe un orden de precedencia entre procesos, o entre
eventos de un proceso hacia eventos de otros procesos. Esta precedencia surgira de la
informacion que esta descripta en las tareas que les dieron origen. Finalmente, para
integrar el modelo de objetivos con CA en un contexto MDA, las heuristicas evolu-
cionaran a reglas de transformacion entre un modelo de objetivos y los modelos de
CA, para lo cual se deberan extender los metamodelos existentes de CA.
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Abstract. La ingenierfa de requerimientos es un drea critica en el desarrollo de
software y particularmente lo es la especificacion de requerimientos. Se pueden
construir productos tecnolégicamente adecuados pero si ellos no cumplen con
los requerimientos carecen de utilidad. Sin embargo, no es una tarea sencilla el
construir una especificacién correcta que describa y logre transmitir el conoci-
miento, necesidades y deseos de los stakeholders. Por este motivo, es necesario
contar con guias que faciliten la tarea de escribir especificaciones de requeri-
mientos. En este articulo, se presentan una serie de guias que tienen por objeti-
vo mejorar la descripcion del Léxico Extendido del Lenguaje (LEL). La identi-
ficacién de las guias se realizé durante un ejercicio de escritura del LEL en
donde se recurri6 a la literatura para identificar las guias a aplicar como buenas
practicas, y finalmente se realizé un experimento para verificar la interpretacion
de las especificaciones realizadas utilizando las buenas précticas propuestas.

Keywords. Dominio de la aplicacidn, especificacion de requerimientos, buenas
practicas, Léxico Extendido del Lenguaje

1 Introduccion

La etapa de relevamiento de requerimientos es un area clave para el éxito de un pro-
yecto. En particular, el construir una especificacién de requerimientos de software
(ERS) adecuada es esencial, ya que constituyen un medio de comunicacién entre los
miembros del equipo de desarrollo con el resto de los stakeholders, y es necesario que
el equipo de desarrollo posea los requerimientos correctos para construir el producto.
El problema que se presenta al construir el documento de especificacion de reque-
rimientos es que los stakeholders manejan un lenguaje distinto del lenguaje del equipo
de desarrollo. Los stakeholders manejan el lenguaje natural, mientras que los miem-
bros del equipo de desarrollo necesitan descripciones mds precisas y formales. Es
muy dificil lograr especificaciones que sean adecuadas y ttiles para las dos partes,
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porque el lenguaje natural carece de la precisién y formalidad necesaria, mientras que
los usuarios no estan familiarizados con los lenguajes formales.

El Léxico Extendido del Lenguaje, (Language Extended Lexicon, LEL) es un glo-
sario que permite describir el lenguaje del dominio de la aplicacién utilizando el len-
guaje natural. E1 LEL no brinda una descripciéon de requerimientos, sino que sélo
permite describir el lenguaje del dominio, a pesar de que hay trabajos que muestran
cémo identificar requerimientos a partir del LEL [1].

El LEL es una herramienta muy conveniente para expertos sin habilidades técnicas,
sin embargo, las personas con tales habilidades pueden obtener un mayor beneficio
con su uso. La conveniencia de la utilizaciéon de LEL proviene de 3 caracteristicas
significativas: es facil de aprender, es ficil de usar y posee buena expresividad, como
lo validan experiencias en dominios complejos. Gil et al. [13] indican que: “la expe-
riencia de construir un LEL de una aplicaciéon completamente desconocida para los
ingenieros de requerimientos y con un lenguaje altamente complejo, puede ser consi-
derada exitosa, desde el momento en que los usuarios fueron los que notaron que los
ingenieros de requerimientos habian desarrollado un gran conocimiento sobre la apli-
cacion”. Por su parte, Cysneiros et al. [8] indican que: “el uso del LEL fue muy bien
aceptado y comprendido por los stakeholders. Dado que los stakeholders no eran ex-
pertos en los dominios tan complejos y especificos en los que trabajaron, los autores
creen que el LEL pude ser adecuado para utilizarse en muchos dominios”.

Con el fin de obtener mds beneficios del LEL, se realiz6 una experiencia en donde
se involucr6 a 70 personas en un ejercicio de construccion y lectura de LEL con el
objetivo de identificar "buenas practicas". Las mismas apuntan a la expresividad,
simpleza y modificabilidad del LEL.

La experiencia concreta consisti6 en solicitarle a 50 alumnos de un curso de pos-
grado (con experiencia en diferentes roles en el desarrollo de software y variada anti-
giiedad) que escriban un LEL. Se trabajé sobre un tinico dominio, un dominio admi-
nistrativo. Durante la construccion, a los participantes se les presentaron inquietudes
sobre cémo describir ciertas situaciones. Por lo cual, se estudi6 la literatura de reque-
rimientos y se estableci6 una forma de describir esas situaciones.

Esta descripcion adoptada fue validada en un pseudo experimento que consistié en
presentar un LEL especifico a un grupo de 20 personas y validar si los sujetos com-
prendian la misma idea que se queria transmitir. Luego de esta validacién se identifi-
caron las buenas practicas de descripcion del LEL que se describen en el presente
articulo.

El resto del articulo estd organizado de la siguiente manera. La seccién 2 describe
la esencia del Léxico Extendido del Lenguaje. La seccién 3 describe el mecanismo
con el cual se identificaron las buenas practicas. La seccién 4 describe las buenas
précticas. Finalmente, la seccion 5 describe los trabajos relacionados.

2 Léxico Extendido del Lenguaje

El Léxico Extendido del Lenguaje (LEL) [18] es un glosario que tiene por finalidad
describir el lenguaje del contexto de la aplicacion. Su objetivo es el describir ciertas
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palabras o frases peculiares a la aplicacién y que su comprension son vitales para
poder comprender el contexto de la misma. LEL es anclado en una idea bien simple
“entender el lenguaje del problema sin preocuparse por entender el problema”. De
esta forma, luego de comprender el lenguaje, el analista podra escribir requerimientos
utilizando como base el conocimiento adquirido a través del lenguaje capturado.

El LEL es un glosario en el cual se definen simbolos (términos o frases). A dife-
rencia del diccionario tradicional que posee s6lo un tipo de definiciéon por término
(puede haber muchas acepciones, sin embargo, todas son significados del término que
se estd describiendo). En el LEL cada simbolo se define a través de dos atributos: la
nocién (notion) y los impactos (behavioural responses). La nocién describe la denota-
cién, es decir, describe las caracteristicas intrinsecas y substanciales del simbolo. Por
su parte, los impactos describen la connotacién, es decir, un valor secundario que
adopta por asociacién con un significado estricto.

Existen dos principios que se deben seguir al describir simbolos: el principio de
circularidad (también 1lamado principio de cierre o clausura) y el principio de vocabu-
lario minimo. El principio de circularidad establece que durante la descripcién de los
simbolos se debe maximizar el uso de otros simbolos descriptos en el LEL. Por su
parte, el principio de vocabulario minimo complementa el principio de circularidad y
establece que en las descripciones se debe minimizar el uso de simbolos externos al
LEL y los que se utilicen deben tener una definicién clara, univoca y no ambigua.

Ambos principios son vitalmente importantes para obtener un LEL autocontenido y
altamente conectado. Estas caracteristicas redundan en beneficios para comprender el
lenguaje de la aplicacion, y también hacen que el LEL pueda ser visto como un grafo,
el cual, al contener nodos con informacién textual determina que el mismo sea un
hipertexto.

Los simbolos se deben categorizar en una de cuatro categorias basicas con el fin de
especializar la descripcion de los atributos. En principio hay 3 ontologias bésicas que
permiten modelar el mundo [4]. Ellas son: entidades, actividades y afirmaciones. Con
estos 3 elementos se puede describir al mundo, puesto que permiten modelar las co-
sas, las actividades con las que interactian las cosas y finalmente las afirmaciones o
verdades que las cosas o actividades poseen o persiguen. Para el LEL se determinan
cuatro categorias basicas que son una extension de las tres ontologias. Las cuatro
categorias basicas son: sujeto, objeto, verbo y estado. Tanto los sujetos como los obje-
tos son una especializacion de las entidades. Luego, las actividades se corresponden
con los verbos. Y finalmente las afirmaciones se corresponden con estados. Los suje-
tos se corresponden con elementos activos dentro del contexto de la aplicacién, mien-
tras que los objetos se corresponden con elementos pasivos. Por su parte, los verbos
son las acciones que realizan los sujetos utilizando los objetos. Finalmente, los esta-
dos representan las situaciones en las que se pueden encontrar los sujetos o los objetos
previo y luego de realizar las acciones.

3 Generacion de buenas practicas

La consolidacién de las buenas practicas, consistié en dos etapas: identificacién y
validacién. Para ello, se llevé a cabo el siguiente proceso. Primero se convocd a un
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grupo de 50 personas para escriban un LEL sobre un mismo dominio de aplicacién
concreto a la vez que identificaban puntos débiles de las descripciones. Luego se ana-
liz6 1a literatura para definir criterios a adoptar con el fin de mejorar las descripciones.
Finalmente se validaron las guifas definidas. Las primeras dos actividades se corres-
ponden con la etapa de identificacién, mientras que la dltima actividad se corresponde
con la etapa de validacion.

3.1 Etapa 1: confeccion del LEL

Se les solicité a 50 personas que escriban un LEL sobre un dominio de aplicacion
administrativo. La experiencia se desarrollé con alumnos de posgrado de Argentina
de dos cohortes consecutivas: 2010 y 2011. Los participantes eran de distintas ciuda-
des de la Argentina, e incluso algunos de ellos eran de Colombia y Brasil. Tenian una
experiencia muy variada, principalmente en desarrollo, desempefidndose en diferentes
roles y con variada antigiiedad. Algunos de ellos también tenian experiencia en do-
cencia e investigacion.

A los alumnos se les entregd una especificacion y debian construir el LEL en 3
meses. Los trabajos eran supervisados periddicamente y a los participantes se les pre-
sentaron inquietudes sobre como describir ciertas situaciones. Estas inquietudes fue-
ron las que motivaron que se estudie la literatura de requerimientos y se acordara una
forma de describir esas situaciones, determinando asi las buenas practicas descriptas
en este articulo.

3.2 Etapa2: definicion de buenas practicas

Se estudiaron dos fuentes de literatura. Por un lado la bibliografia de especificacién
de requerimientos y por otro lado la bibliografia de andlisis y disefio orientado a obje-
tos.

La bibliografia de requerimientos se utilizd para ajustar las descripciones textuales
del LEL, ya que se aprovechd las sugerencias de como redactar requerimientos tex-
tuales. Sin embargo, el LEL tiene una estructura que permite hacer una analogia entre
las descripciones del LEL y la de un disefio orientado a objetos [19]. Es por ello, que
también se utilizd la literatura de objetos para definir ciertas practicas.

3.3 Etapa 3: validaciéon de buenas practicas

Con el fin de validar las buenas practicas definidas se realizé un pseudo experimento
en el que participaron 20 personas. El mismo consistié en presentar a los participan-
tes la definicion de algunos simbolos de un LEL de un dominio especifico junto con
un cuestionario sobre ciertos elementos del dominio para el cual se escribi6 el LEL.
Los participantes debian responder a cada pregunta basdndose en la definicién de
los simbolos. Las preguntas se enfocaban en aspectos del dominio que estaban des-
criptos haciendo uso de las reglas propuestas. Por lo tanto, a partir de las respuestas de
los participantes se pudo determinar si las reglas fueron adecuadas o no, ya que se
verificaba si los participantes comprendian la misma idea que el LEL con el uso de las
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buenas practicas se queria transmitir. Luego de esta validacidn, se realizaron ajustes y
se establecid la version final de buenas practicas.

4 Buenas practicas

Esta seccién describe cada una de las 10 buenas practicas que fueron identificadas.
Las mismas se describe con el siguiente formato: (i) nombre de la guia, (ii) descrip-
cién de la misma, (iii) ejemplo y (iv) justificacion. Cabe sefialar que si bien las guias
fueron validadas a través de un pseudo experimento, la justificacién descripta en (iv)
se corresponde con el andlisis de la literatura que se realizo.

4.1 Guia 1: informacion a incluir en la nocién y en los impactos

Descripcion: la descripcion de la nocion y los impactos se debe ajustar a la categoria
del simbolo que se debe describir. Para los sujetos, la nocién debe describir las carac-
teristicas o condiciones que debe satisfacer para poder considerarse como tal. Por su
parte, los impactos, deben describir las acciones que realizan. Para los objetos, la
nocién debe describir los atributos o caracteristicas constitutivas del objeto, mientras
que los impactos deben describir las acciones que se realizan sobre ellos. Para los
verbos, la nocién debe describir el objetivo o fin que persiguen, mientras que los im-
pactos deben describir los pasos necesarios para cumplir con la accion. Finalmente, la
nocion de los estados debe describir la situacién que representa, mientras que los
impactos deben describir las acciones que se pueden realizar a partir de ese estado y el
nuevo estado que se puede acceder. La siguiente tabla resume la informacion.

Tabla 1. Descripcién de cada categoria de simbolo.

Categoria Nocién Impactos

Caracteristicas y condicio-

Sujeto nes que el sujeto debe Acciones que el sujeto realiza
satisfacer

. Atributos o caracteristicas | Acciones que se realizan sobre

Objeto I . .
constitutivas del objeto los objetos

Verbo Objetivo o fin que el verbo | Pasos necesarios para cumplir
persigue con el objetivo
Situacion que el verbo Acciones posibles de realizar

Estado 4 desde el estado y nuevo estado
representa .

al que se arriba.

Ejemplo: las siguientes figuras muestran la descripcion de un simbolo de cada cate-
gorfa.
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Sujeto: cliente

Nocién

Persona que opera con una cuenta.
Impactos

El cliente abre una cuenta.

El cliente deposita dinero en su cuenta.
El cliente extrae dinero de su cuenta.

El cliente consulta su balance de cuenta.
El cliente cierra una cuenta.

Fig. 1. Descripcién del simbolo cliente.

Objeto: cuenta

Nocion

La cuenta posee un balance.

Impactos

El cliente abre una cuenta.

El cliente deposita dinero en su cuenta.
El cliente extrae dinero de su cuenta.
El cliente consulta su balance de cuenta.
El cliente cierra una cuenta.

El banco audita cada cuenta.

El cliente cierra una cuenta.

Fig. 2. Descripcién del simbolo cuenta.

Verbo: extraer

Nocién

Accién de tomar dinero de su cuenta.

Impactos

El banco revisa que la cuenta tenga suficiente dinero para realizar la
extraccion.

El banco revisa que el propietario de la cuenta no haya extraido mas
veces del limite permitido.

El banco revisa que el propietario de la cuenta no posea deudas en su
tarjeta de crédito.

El banco reduce el balance de la cuenta.

Fig. 3. Descripcién del simbolo extraer.

Estado: activada

Nocién

Situacién donde el cliente puede operar con su cuenta.

Impactos

El cliente cierra la cuenta y el cliente es propietario de una cuenta
cerrada.

Fig. 4. Descripcién del simbolo activada.
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Justificacion: la descripcion de cada categoria estd basada en el andlisis y disefio
orientado a objetos propuesto por Wirfs-Brock [27]. Las categorias sujeto y objeto, se
corresponden con objetos (clases) es por ello que la nocidn caracteriza a estos elemen-
tos, mientras que los impactos describen las acciones vinculadas con cada uno de
ellos. Por su parte, los verbos se corresponden con el comportamiento de los objetos
(métodos), es por ello que la nocién describe conceptualmente la accién, mientras que
los impactos detallan la misma. Finalmente, la categoria estado, guarda estrecha rela-
cién con el patrén estado [12], por lo cual, su descripcion tiene como finalidad descri-
bir una maquina de estados.

4.2 Guia: formato que deben cumplir cada una de las expresiones
de los impactos de los sujetos, objetos y verbos

Descripcion: las acciones descriptas en los impactos de sujetos, objetos y verbos
deben cumplir la estructura: sujeto + verbo + objeto. Es importante destacar que el
objeto al final de la oracién queda condicionado por el verbo. Es decir, si el verbo es
transitivo, se debe indicar un objeto. Caso contrario, no es necesario.

Ejemplo: las Fig. 1y Fig. 2 muestran en los impactos la estructura sujeto + verbo +
objeto para simbolos sujeto y objeto. Dado que los verbos son transitivos, se incluye
la descripcion de los objetos. Por su parte, la Fig. 3 ilustra la descripcion de un verbo.
Cabe sefialar que los verbos utilizados no estdn definidos en LEL, ya que son verbos
que poseen el significado trivial.

Justificacion: los impactos describen acciones, que pueden considerarse como fun-
ciones o requerimientos de un sistema. El estandar IEEE 830 [15] determina que los
requerimientos deben describirse de la forma: “El sistema debe accion”. Luego, Ko-
vitz [16] especializa esta descripcion, incorporando el rol: “El rol debe accion”. La
guia presentada incorpora ademads el objeto.

4.3 Guia: formato que deben cumplir cada una de las expresiones
de los impactos de los estados.

Descripcion: las acciones descriptas en los impactos de los estados deben cumplir la
estructura: sujeto + verbo + objeto + nuevo estado. Es importante destacar que el
objeto queda condicionado por el verbo, ya que si el verbo no es transitivo el objeto
no se debe indicar.

Ejemplo: la Fig. 4 muestra los impactos de un estado conforme al formato sujeto +
verbo + objeto + nuevo estado. El tnico elemento a considerar es que se incluye dos
veces el simbolo cuenta y el simbolo cliente, pero ello no desvirttia que la descripcion
se ajuste al formato indicado, ya que al final de la expresion se referencia al nuevo
estado.

Justificacion: Chelimsky [6] propone especificar comportamiento en desarrollo agil
con el formato: given (situacién inicial) when (accion) then (situacion final). Basica-
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mente describe una maquina de estados con la transicion necesaria para pasar de un
estado a otro. Para la regla propuesta, el simbolo estado que se esta describiendo es la
situacion inicial, luego, las transiciones (acciones) se describen con: sujeto + verbo +
objeto, mientras que el estado final con: nuevo estado.

4.4 Guia: simplicidad en los impactos.

Descripcion: los impactos deben ajustarse al formato indicado en las gufas 4.2 y 4.3,
y si fuera necesario agregar informacion adicional, debe definirse alguno de los sim-
bolos involucrados y agregar la informacién adicional en la descripcién de ese simbo-
lo.

Ejemplo: la Fig. 5 muestra la descripcion del simbolo cliente que incluye en los im-
pactos informacién de como realizar la accién de abrir una cuenta. La informacién
adicional (indicando nombre, apellido, etc...) es propia de la accién abrir, por lo cual,
es necesario definir el simbolo abrir con esa descripcién, como se muestra en la Fig.

6.

Sujeto: cliente
Nocion

Impactos
El cliente abre una cuenta indicando nombre, apellido, ...

Fig. 5. Descripcién del simbolo cliente con un impacto con demasiada informacién

Sujeto: cliente
Nocion

Impactos
El cliente abre una cuenta

Sujeto: abrir
Nocion

Impactos
El cliente indica nombre, apellido, ...

Fig. 6. Descripcién del simbolo cliente con informacién factorizada

Justificacion: el estindar IEEE 830 [15] establece que una especificacion de reque-
rimientos debe ser modificable, y para ello la modularidad es una herramienta indis-
pensable. La misma estrategia se aplica al LEL.
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4.5 Guia: auto referencias explicitas en los impactos de los sujetos
y objetos.

Descripcion: en la descripcion de los impactos de un sujeto y de un objeto, cuando se
debe referenciar al sujeto y objeto, se lo debe hacer explicitamente y no utilizar un
pronombre.

Ejemplo: las Fig. 1 y Fig. 2 muestran que los impactos poseen referencias al mismo
simbolo que se esta describiendo. Por ejemplo, se indica “El cliente abre una cuenta.”.
A pesar de que es una descripcion del cliente, al mismo se lo debe mencionar explici-
tamente en lugar de indicar “El abre una cuenta” o simplemente “abre una cuenta.”

Justificacion: La ambigiiedad es uno de los problemas que se intentan evitar en la
descripcion de requerimientos [16] [26], es por ello que se evita utilizar el pronombre.

4.6 Guia: no utilizar auto referencias en los impactos de verbos o
en la nocién de cualquier tipo de simbolo

Descripcion: no se debe describir la nocion de ninguna categoria de simbolos usando
el mismo simbolo que se estd describiendo. Tampoco se deben describir los impactos
de los verbos usando el mismo verbo.

Ejemplo: en la Fig. 1 puede observarse que en la nocion de cliente, se describe que es
“persona que opera...” para evitar utilizar nuevamente el término cliente. Por otra
parte, la Fig. 3 define el término extraer. En los impactos, no se utiliza el término
extraer, sino que se indican las acciones necesarias para realizar la extraccion, ya sean
las verificaciones como la reduccién concreta del saldo.

Justificacion: no es correcto definir el simbolo en términos de si mismo o tampoco es

posible descomponer la tarea en términos de si misma.

4.7 Guia: no se deben utilizar frases débiles

Descripcion: no se deben utilizar frases débiles tales como: puede, podria, etc.

Ejemplo: la siguiente figura muestra un ejemplo de lo que no debe hacerse. Como
impacto se incluye la expresion “El cliente puede abrir una cuenta”. La frase incluye
la expresion débil “puede” que debe evitarse.

Objeto: cuenta
Nocion

Impactos
El cliente puede abrir una cuenta.

Fig. 7. Descripcién parcial del simbolo cuenta con una frase débil.
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Justificacion: las frases débiles dan a lugar cierta subjetiva sobre la descripcion, por
lo cual, no deben ser utilizadas [24].

4.8 Guia: relacion “es un” (“is a’)

Descripcion: dados dos simbolos en donde uno es una especializacion del otro, no se
debe repetir informacién en ambos. En la nocién del mds especifico se debe colocar la
expresion “es un” + simbolo genérico.

Ejemplo: 1a siguiente figura muestra el objeto cuenta corriente, que utiliza la relacion
“es un” en la descripcion de la nocién. Por otra parte, dado que la cuenta corriente es
una cuenta y todos los impactos de cuenta aplican para cuenta corriente, cuenta co-
rriente s6lo define los impactos especificos (El cliente deposita cheques).

Objeto: cuenta
Nocion

Impactos

Objeto: cuenta corriente
Nocién

Es una cuenta.

Impactos

El cliente deposita cheques.

Fig. 8. Utilizaci6n de la relacion “es un”.

Justificacion: esta relacion es utilizada en representacion del conocimiento, modelos
conceptuales y disefio y programacién orientada a objetos [14]. En particular, en pro-
gramacion orientada a objetos existe el principio de sustitucién denominado principio
de sustitucion Liskov [20].

4.9 Guia: relacion “desempeiia el rol”

Descripciéon: dados simbolos sujetos, en donde hay caracteristicas que no son propias
de los sujetos, sino del rol que desempefian, se debe definir un simbolo con las carac-
teristicas de los sujetos y la descripcion propia del rol. Luego, en los sujetos que des-
empeflan ese rol, se deben enriquecer la nocién con la expresion “desempeiia el rol”
+ rol.

Ejemplo: en la siguiente figura puede observarse como el cliente puede desempefiar
el rol de moroso.
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Sujeto: cliente

Nocién

El cliente puede desempeifiar el rol de moroso
Impactos

El cliente abre una cuenta

Sujeto: moroso
Nocion

Impactos
El moroso debe pagar deudas

Fig. 9. Utilizacién de la relacion “desempeiia el rol”.

Justificacion: en disefio orientado a objetos existe el patron the role object pattern
que permite adaptar un objeto a diferentes necesidades de sus objetos clientes adosan-
dole distintos roles [3].

4.10 Guia: relacion “‘tiene un”

Descripcion: dados dos simbolos de categoria objeto, en donde uno es una parte del
otro, en la nocién del objeto contenedor se debe indicar la expresion “fiene un” +
objeto contenido.

Ejemplo: la siguiente figura muestra el objeto cuenta, que utiliza la relacion “fiene
un” en la descripcion de la nocién, para indicar la composicion con el simbolo objeto
balance.

Objeto: cuenta

Nocion

La cuenta tiene un balance.
Impactos

Objeto: balance
Nocion

Impactos

Fig. 10. Utilizacién de la relacién “tiene un”.

Justificacion: esta relacién es utilizada en disefio de base de datos como asi también
en, modelos conceptuales, y disefio y programacion orientada a objetos [14].
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5 Trabajos relacionados

Rost [25] plantea la dificultad de escribir una especificacién que se ajuste a los distin-
tos estandares (por ejemplo [15]). Es por ello que hay varios trabajos que se ocupan
de describir las mejores practicas en los procesos de la ingenieria de requerimientos
con el fin de lograr un buen producto final aplicando tales procesos [2] [23] [17].
Young et al. [28] por su parte plantean un marco de como mejorar los procesos que se
realizan en lugar de proponer nuevos procesos que podrian resultar dificiles de im-
plementar.

Ademads de buenas précticas y mejoras en los procesos, existen trabajos que propo-
nen guias identificadas a partir de la experiencia y otros trabajos realizan experimen-
tos con el fin de identificar las buenas practicas. Forsgren et al. [11] proponen guias
para especificar requerimientos en sistemas de control industrial. Si bien el trabajo se
ocupa de un dominio especifico, en el mismo se discute el balance entre requerimien-
tos detallados versus requerimientos generales, como asi también de requerimientos
funcionales versus requerimientos que describen la implementacién técnica. Por su
parte, Firesmith [10] provee un conjunto muy amplio de guias para utilizar con el
modelado de Casos de Uso sobre cuestiones a tener en cuenta en los procesos de
construccion y sobre la especificacion concreta.

En relacién a trabajos que realizan estudios empiricos Carew et al. [5] presentan
una comparacién sobre la comprensibilidad de dos especificaciones: una informal y
otra informal (o semi formal). Los resultados muestran que la especificacién informal
fue mejor comprendida que la especificacion formal. Por su parte, Espaiia et al. [9]
evaluaron la calidad de especificaciones funcionales, enfocdndose en completitud y
granularidad. Realizaron un experimento de laboratorio con alumnos de posgrado
para comparar Casos de Uso y Andlisis de comunicacién. Los resultados muestran
que se obtuvo mayor calidad (en términos de completitud y granularidad) cuando se
siguieron guias de andlisis de comunicacion.

La importancia de la comunicacion también queda claro en el trabajo de Marne-
wick et al. [22]. Ellos recabaron evidencia empirica durante 5 afios de dos casos de
estudios. Se enfocaron en los procesos de ingenieria de requerimientos para obtener
una comprension en profundidad sobre que procesos permiten obtener requerimientos
de buena o mala calidad. Los resultados sugieren que los factores humanos durante
los procesos de comunicacion juegan un rol significativo para lograr la calidad de los
requerimientos.

Por otra parte, Cox et al. [7] muestran la importancia de contar con glosarios. En su
trabajo se muestra el estudio de las practicas de las 7 dreas claves de la guia de buenas
précticas de la ingenieria de requerimientos a través de entrevistas en profundidad en
10 organizaciones de desarrollo de software de Australia. De entre todas las conclu-
siones a las que se llegan, la importancia de contar con un glosario es una de ella.

Finalmente, Maiden [21] expone que existen pocos estudios sobre las practicas ac-
tuales en ingenieria de requerimientos y que existe poco conocimiento sobre como se
desarrolla la disciplina. Por lo que propone estudiar los procesos cognitivos que se
requieren para realizar buenos trabajos en requerimientos.
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6 Conclusiones y trabajos futuros

Este articulo present6 una serie de guias a modo de buenas practicas para construir el
Léxico Extendido del Lenguaje. Estas buenas practicas fueron identificadas en forma
empirica con el apoyo de la literatura. Las buenas practicas establecidas fueron vali-
dadas en un curso de posgrado. Producto de esa validacion se realizaron ajustes y se
establecio el conjunto definitivo que se presenta en este trabajo. El LEL ha demostra-
do ser ttil en dominios complejos, en donde se noté como los involucrados lograron
un conocimiento del dominio. Con estas buenas practicas, se busca mejorar los resul-
tados al utilizar el LEL, enfocando la precisién en las descripciones, la organizacién
de la informacién para facilitar la construccién y la modificacion. Existen trabajos que
permiten obtener distintos productos a partir del LEL: ontologias, requerimientos y
caracteristicas transversales entre otros. Si bien se seguird trabajando en el proceso de
construccion del LEL y la expresividad del mismo a partir de las guias propuestas,
otra linea de investigacion consiste en estudiar como varfa la calidad de los productos
que se construyen a partir del LEL con la utilizacién de las guias propuestas.
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Resumo. A transparéncia é um principio democratico que permite aos cidadaos
buscarem informagdes sobre fatos e processos. Nesse contexto, ocorre o
aumento da demanda por transparéncia nas relagdes humanas. A transparéncia
de software ¢ um requisito ndo funcional que engenheiros de sofiware
precisardo demonstrar a medida que a sociedade exigir transparéncia em suas
relagdes, pois essas relacdes sdo automatizadas pelos sistemas de software.
Diante da importancia de demonstrar a transparéncia nos processos de
informagéo, propde-se nesse trabalho verificar a presenga de atributos de
transparéncia em modelos de requisitos de sofiware representados com o
Framework 1Star, utilizando os termos que representam os requisitos e também
seus sindnimos mais conhecidos. O modelo de requisitos ¢ analisado utilizando
uma base de dados contendo sinénimos dos atributos de transparéncia, em
adic@o aos conceitos do iStar para identificar esses atributos.

Palavras-chave: Framework iStar, transparéncia de software, verificagdo de
modelos de requisitos.

1 Introducio

A transparéncia ¢ um principio democratico onde cidaddos desejam obter informagdes
sobre fatos e processos. As organizagdes necessitam obter informagdes sobre o
panorama mundial. Os investidores precisam de informagdes sobre oportunidades e
riscos de novos mercados para decidirem sobre oportunidades de investimento. As
organizagdes de protecdo a saude necessitam de fontes de informagdes sobre
epidemias, e outras questdes relativas ao bem estar dos seres humanos. Organismos
internacionais necessitam de informagdes validas sobre as intengdes e estratégias
politicas entre os paises. Nesse contexto, ocorre o aumento da demanda por
transparéncia nas relagdes humanas [1].

A transparéncia de software € um requisito ndo funcional que engenheiros de
software precisardo demonstrar cada vez mais a medida que a sociedade exigir
transparéncia nas relagdes com seus representantes, nas relagdes comerciais, sociais,
enfim, nas rela¢cdes humanas, pois essas relagdes sdo automatizadas pelos sistemas de
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software [2]. Considerando o0s processos organizacionais a transparéncia ¢€
conceituada como a existéncia de processos que permitem aos individuos obterem
informagdes sobre a organizagdo através do acesso, uso, apresentagdo, entendimento e
auditabilidade [3].

Diante da importancia de demonstrar a transparéncia nos processos de informagao,
propde-se nesse trabalho verificar a presenca de requisitos de transparéncia a partir de
modelos de requisitos de software representados com o Framework iStar [4]. Os
requisitos sdo analisados através de uma base de sindnimos de atributos de
transparéncia, que serdo indicativos indiretos da presenca dos atributos.

A Figura 1 apresenta o modelo de razdes estratégicas do cenario adicionar foto em
um dispositivo mével, adaptado de [11]. O usudrio deseja manipular midias, nesse
sentido ao manipular uma foto ele informa o local dessa foto, atribui seu nome e
indica o album ao qual ela pertencera. O sistema do dispositivo € o ator responsavel
pelo gerenciamento das midias manipuladas pelo usuario. Para alcangar esse objetivo
o sistema inicializa o aplicativo, disponibiliza a lista de albuns, salva e armazena a
fotos. Nessa especificagdo foi acrescentado ao modelo original o requisito Ease para
ilustrar o uso de sinénimos na identificagdo de atributos de transparéncia. A tarefa
Save Automatically contribui parcialmente para que o objetivo Ease, facilidade para
manipular midias, seja alcangado. Na sec¢do 4 discutiremos o papel de sindnimos na
identificagdo de atributos de transparéncia.

Provide
Original Photo
Path

Fig. 1. Modelo de Razdes Estfatégicas da especificagdo de requsito (Mobile Telephone
System). Adaptado de [11].

Nesse texto sera apresentada a abordagem para analisar modelos de requisitos sob
o ponto de vista da transparéncia. A estratégia apresentada para verificar a presenga
de atributos de transparéncia em modelos de requisitos apresentada nesse trabalho
fornece:
e Uma base de dados de sinonimos dos atributos de transparéncia.
e Um mecanismo para transformar o modelo de requisitos representado com o
Framework iStar em uma base de fatos (base de dados).
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e Uma base de conhecimento para andlise desses modelos de requisitos
composta por regras de produgao.

e A separagdo entre o mecanismo de controle (base de conhecimento) e a
descri¢ao do problema (especificagdo de requisitos) permite um sistema
flexivel e expansivel para realizar a verificagdo de requisitos.

Este trabalho ¢ um desdobramento do artigo [10], apresentado no WER2012 em
Buenos Aires. A estrutura da solugdo baseada em Sistemas de Conhecimento esta
descrita naquele artigo, ¢ sera apenas referenciada neste artigo.

Esse texto estd organizado em seis se¢des. Na segunda secdo ¢ apresentada a
rela¢@o entre os atributos de transparéncia ¢ as caracteristicas do Framework iStar. A
terceira secdo apresenta a base de dados contendo os sindnimos dos atributos de
transparéncia. A quarta se¢do discute a estratégia escolhida para a verificacdo da
presenca de atributos de transparéncia em especificagdes iStar. Na quinta segdo
discutimos os trabalhos correlacionados. Na sexta se¢do finalizamos com as
conclusoes.

2 A Transparéncia de Software e sua Relagdo com o
Framework iStar

A transparéncia de software ¢ um requisito ndo funcional, pois ¢ caracterizada por
atributos de qualidade, podendo ser julgada de forma diferente de acordo com a visdo
do individuo, dessa forma cla ¢ considerada uma meta-flexivel, ou um softgoal, ou
seja, o software pode ser considerado transparente do ponto de vista de uma pessoa,
enquanto pode ndo ser transparente ou ainda menos transparente para outra [5]. O
software transparente deve possuir os atributos de acessibilidade, usabilidade,
informatividade, entendibilidade e auditabilidade, pois nos processos organizacionais
transparentes esses atributos devem estar presentes, e considerando que os sistemas de
software automatizam tais processos, eles devem incorpora-los [6][7].

A Tabela 1 apresenta os atributos de transparéncia relacionados com as
caracteristicas do Framework iStar. Esse relacionamento entre os atributos que
conceituam a transparéncia e o iStar ¢ utilizado na implementagdo de regras de
produgao para verificar se uma especificagdo de requisitos ¢ aderente aos conceitos da
Transparéncia. A coluna Relacdo expressa a aderéncia das caracteristicas do iStar
identificados pelos algarismos de 1 a 9 na coluna ID, aos atributos de transparéncia.
Verificabilidade, por exemplo, esta relacionada com as caracteristicas 1, 5.2, ¢ 7 do
Framework iStar.

Analisando a Tabela 1, observa-se que existem alguns atributos de Transparéncia
que ndo tém relagdo com o Framework iStar. Por exemplo, o atributo publicidade nao
estd relacionado a nenhuma caracteristica do iStar. O mesmo ocorre com os atributos
portabilidade, uniformidade, simplicidade, e outros nove atributos listados na
primeira coluna da Tabela 1.

A partir dessa lacuna entre alguns atributos de Transparéncia e as caracteristicas do
Framework iStar foi adota a estratégia de utilizar sindnimos desses atributos para
sinalizar sua presenga em especificagdes de requisitos. Na proxima segdo ¢é
apresentada essa lista de sinonimos.
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Table 1. Relagdo entre as caracteristicas do iStar e os atributos de transparéncia [6] [7].

Atributos de

A . Relacio ID Caracteristica iStar
Transparéncia

Portabilidade Ausente 1 Intencionalidade (actor e goal)

Disponibilidade 6 2 Sofigoal

Publicidade Ausente 3 Inten010nal}dflde detalhada
(decomposigao de tarefas)

Uniformidade Ausente 4 Alternativas de operacionalizagao
(conectores means-end)

Simplicidade Ausente

Operabilidade 5.1 5 Dependéncia estratégica

Intuitividade Ausente 5.1  Dependéncia de recurso

Desempenho 8 5.2 Dependéncia de meta

Adaptabilidade Ausente 5.3 Dependéncia de meta flexivel

SR Classificacdo de atores

Amigabilidade Ausente 6 (Associacdo entre atores INS e ISA)

Clareza 2,52,9 7 Estrutura organizacional (posigdes)

Completeza 2 8 Responsabilidades (papeis)

Corretude Ausente 9 Cf)ntrlbulg:ap pgs1t1va/negat1vas
(link contribution)

Atualidade Ausente

Comparabilidade  Ausente

Consisténcia Ausente

Integridade 4

Acuracia 2

Concisao Ausente

Compositividade 3,53

Divisibilidade 3,8

Detalhamento 4

Dependéncia 5,9

Validavel 4

Controlabilidade Ausente

Verificabilidade 1,52,7

Rastreabilidade 1,5.2,9

Explicavel Ausente
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3 Sindnimos dos Atributos de Transparéncia

A partir da lista de atributos de transparéncia apresentados na Tabela 1 é possivel
observar que existem atributos que ndo possuem relacdo com os conceitos do iStar,
inviabilizando sua identificacdo pelas regras de produgcdo que exploram esse
relacionamento. A partir desses atributos de transparéncia foram identificados seus
sinénimos através da consulta a base de dados Wordnet [8]. A Tabela 2 contém a lista
desses sindnimos e a partir dela foi criada a base de fatos contendo os atributos de

transparéncia e seus respectivos sindonimos, exibida na Figura 2.

Table 2. Sinénimos dos atributos de Transparéncia, extraido da base Wordnet [8].

Atributos Atributos Sin6énimo

Portavel portable portable, portability

Disponivel available availability, usable, useable, uncommitted

Publicidade disclosure revelation, revealing

Uniforme uniform consistent, undifferentiated, unvarying

Simples simplicity ease, easiness, simpleness

Operavel operable operable, practicable, functional, usable, useable,
operability, in working order

Intuitivo intuitive intuitive , nonrational, visceral

Desempenho performance  execution, operation, functioning, carrying out,
carrying into action

Adaptavel adaptable adaptability, adaptable

Amigavel friendly friendliness, friendly

Clareza clarity lucidity, lucidness, pellucidity, clearness, limpidity

Completa complete fill out, fill in, make out, completeness, full

Correto correct right, correctness, rightness

Atualizada updated update

Comparavel comparable corresponding, like, comparison, compare,
equivalence, comparability

Consisténcia consistency consistence

Integridade integrity unity, wholeness

Acuricia accuracy truth

Concisido conciseness concision, pithiness, succinctness

Compositividade  compound compound

Divisivel divisible divisibility

Detalhamento detail item, point, particular

Dependéncia dependence dependance, dependency

Validavel authenticate authenticate

Controlavel controllable controllable, controllability, governable

Verificavel verifiable confirmable
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Rastreavel traceable trackable, traced
Explicavel explainable understandable

A Figura 2 mostra parcialmente a base de dados de sindnimos dos atributos de
transparéncia representada na sintaxe da linguagem CLIPS C Language Integrated
Production System [9]. Através dessa base de dados, o mecanismo de inferéncia do
sistema pode aplicar a regra de produgdo ruleDenoteSynonym, também exibida na
Figura 2, para sinalizar uma possivel ocorréncia de sindnimos dos atributos de
transparéncia no modelo de requisitos. Por exemplo, quando for citada a palavra
revelation na especificacdo, a regra de producao serd disparada informando que ha o
relacionamento com o atributo de transparéncia disclosure.

(deffacts words

(word (id 1) (word "portabkle") )

(word (id 2) (word "awvailakle") )

(word (id 3) (word "disclosure") )

(word (id 4) (word "uniform™) )

(word (id 35) (word "simplicity™) )

(word (id &) (word "operable") )

(word (id T) (word "intuitive") )

(word (id 8) (word "performance™) )

(word (id 23) (word "dependence") )

(word (id 24) (word "authenticate™) )

(word (id 235) (word "controllable™) )

(word (id 2€) (word "verifiakle"™) )

(word (id 27) (word "traceable") )

(word (id 28) (word "explainable") )

(word (id 30) (word "portability") (idattribute 1))
(word (id 31) (word "availability") (idattribute 2))
(word (id 32) (word "usable") (idattribute 2))
(word (id 33) (word "useakle") (idrttribute 2))

(defrule ruleDencteSynonym

(element (id ?id) (name ?name) (type ?type) ) 7 o elemento

(word (id ?idattributs) (word ?nameittribute) ) ; o atributo

(word (id ?idSim) (word ?name) (idZttribute ?idAttribute)’) ;o sindnimo
==

(printout t ?name " denote " ?namslttribute crlf)

)
Fig. 2. Parte da base de dados composta de sindnimos.

Conforme mostra a Figura 2, a palavra portability esta relacionada com o atributo
portable. Quando a regra de produc¢do ruleDenoteSynonym for aplicada ao modelo de
requisitos ela sinalizard essa ocorréncia. O funcionamento dessa regra de produgao
consiste na utilizagdo de trés informagdes na base de dados. Para cada elemento do
modelo de requisitos ¢ verificada sua relacdo com os sindnimos dos atributos, e a
partir dessa relagdo ¢é recuperada a relagdo do sinénimo com o atributo de
transparéncia. Se essa condi¢do for satisfeita sera sinalizado a ocorréncia de um
sinénimo de atributo de transparéncia na especificacao de requisitos.

A abordagem utilizando a base de sindnimos dos atributos de transparéncia ¢ uma

extensdo do trabalho apresentado em [10]. Conforme relatado na Tabela 1, ha
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atributos de transparéncia que ndo possuem relagdo com os conceitos do iStar,
inviabilizando a identificagdo desses atributos.

4 Verificacao de Atributos de Transparéncia em Especificacoes
de Requisitos Representadas em iStar

A estratégia para verificar a aderéncia de uma especificagdo de requisitos
representada com o Framework iStar aos atributos de transparéncia ¢ realizada
seguindo os seguintes passos:

1. Representar a especificagdo de requisitos no formato de fatos CLIPS [9],
formando assim a base de dados do sistema de verificagao.

2. Inspecionar essa base de dados com regras de produgdo que implementam a
relagdo entre os conceitos do iStar e os atributos de transparéncia,
conforme exibido na Tabela 1.

3. Inspecionar essa base de dados com a regra de produgdo ruleDenoteSynonym
para identificar a ocorréncia de sindnimos dos atributos de transparéncia
nessa especificagdo de requisitos.

No primeiro passo, a especificacdo de requisitos construida com o Framework iStar
¢ representada no formato de fatos, formando assim a base de dados do sistema de
verificagdo. No trabalho [10] foram apresentadas duas abordagens para formar a base
de dados. Por exemplo, a especificagdo de requisitos apresentada na Figura 1, os
elementos User ¢ Media handled sdo representados nos seguintes fatos:

(element (id “01”) (name “User” ) (type “actor”))
(element (id “02”) (name “Media handled”) (type “goal”) (idActor “017))

A partir da especificacdo de requisitos descrita na base de dados, é possivel verificar
sua aderéncia aos atributos de transparéncia utilizando a base de conhecimento
apresentada em [10]. Essa base de conhecimento ¢ formada pela relagdo entre as
caracteristicas do iStar com os atributos de transparéncia apresentada na Tabela 1. Por
exemplo, a caracteristica do iStar intencionalidade esta relacionada com os atributos
de transparéncia rastreabilidade e verificabilidade, portando na base de conhecimento
ha uma regra que indica essa ocorréncia. Na especificagdo da Figura 1, o elemento
Media handled ¢ uma meta do ator User, essa relagdo indica a intencionalidade desse
ator, portanto sera sinalizada a presenga dos atributos rastreabilidade e
verificabilidade nesse parte da especificagdo.

Uma vez realizada a segunda etapa, a base de dados ¢ verificada a procura de
sindnimos dos atributos de transparéncia. Nesse sentido a regra ruleDenoteSynonym
verifica a ocorréncia desses sindnimos na especificacdo de requisitos. Por exemplo, na
especificagdo de requisitos exibida na Figura 1 o elemento Ease é um sinénimo do
atributo simplicity, portanto essa regra de produgdo sinalizara a ocorréncia desse atributo
nessa especificacdo, “Ease denote simplicity”.
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5 Trabalhos correlacionados

No trabalho [10] foi apresentada a abordagem para verificar a aderéncia de uma
especificagdo de requisitos aos atributos de transparéncias a partir do relacionamento
entre as caracteristicas do iStar e os atributos de transparéncia. Nesse trabalho, [10],
foram discutidas duas abordagens para formar a base de dados a partir de uma
especificagdo de requisitos em iStar, além de apresentar a base de conhecimento que
implementa a relacdo entre os atributos de transparéncia e as caracteristicas do
Framework iStar. Porém, a partir da analise da Tabela 1, observa-se que existem
atributos de transparéncia que nao tém relacdo com as caracteristicas do iStar,
consequentemente a base de conhecimento apresentada nesse trabalho ndo pode
identificar sua presencga. A partir dessa necessidade foi apresentada no presente texto
uma base de dados composta por sindnimos dos atributos de transparéncia.

No trabalho desenvolvido em [12] foi apresentada uma abordagem para tornar o
software mais transparente, onde foi discutida uma forma de documentagdo de
sistemas de sofiware fundamentada em aspectos técnicos ¢ de uso. As informagdes
técnicas sdo direcionadas aos engenheiros de software, tais como: arquitetura e
linguagem de programacdo. As informagdes de uso sao destinadas aos usuarios finais
do sistema, por exemplo, visdo geral do sofiware, suas funcionalidades e também os
requisitos que nao foram implementados. Essa abordagem recebeu o nome de BuS
(Bula de Software) inspirada na bula de remédios que agrega informagdes sobre
medicamentos.

Para organizar as informagdes sobre o sofiware foi utilizada a tecnologia XML
(eXtensible Markup Language). As informagdes técnicas e de uso sdo estruturadas em
topicos através da utilizagdo de tags. A tag <CABECALHOSOFTWARE/> descreve a
secdo do documento contendo o nome do software, sua composicao e seus objetivos.
Na tag <INFORMACAOGERALCIDADAO/> ficam estruturadas as informagdes
sobre o uso do sistema e sobre o seu escopo. Por fim, na tag
<INFORMACAOTECNICA/> sao disponibilizadas informagdes sobre a tecnologia
envolvida no desenvolvimento do sofiware e que tem como publico alvo os
engenheiros de software.

A documentagdo de sofiware BuS visa potencializar a transparéncia contribuindo
para que o sofiware seja aderente aos atributos de transparéncia wuniformidade,
amigabilidade, simplicidade, intuitividade, operabilidade e clareza. A abordagem
apresentada nesse texto procura indicios da presenga de atributos de transparencia em
especificagdes de requisitos iStar. As duas estratégias possuem objetivos semelhantes,
ambas buscam tornar o sofiware mais transparente.

O trabalho desenvolvido por [13] aborda a verificagdo de requisitos a partir de
processamento de linguagem natural com o objetivo de identificar ambiguidades em
especificagdes de requisitos. Os requisitos representados em linguagem natural sdo
submetidos ao procedimento de medicdo de ambiguidades, onde as sentencas
potencialmente ambiguas sdo verificadas. Além disso, ¢ identificado o motivo que
tornaria a sentenga ambigua auxiliando o trabalho do engenheiro de sofiware na
remo¢ao de tais ambiguidades. A abordagem de verificagdo de atributos de
transparéncia desenvolvida nesse trabalho nio utiliza processamento de linguagem
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natural, porém procura identificar sindnimos desses atributos de transparéncia nos
modelos de requisitos.

No trabalho de [14] a metodologia Tropos ¢ empregada para verificar os aspectos
dinamicos de dependéncia entre atores estratégicos. O modelo de especificacdo de
requisitos iStar ¢ representado na linguagem Formal Tropos onde atores, metas,
tarefas, recursos e dependéncias sdo declarados juntamente com as restricdes usadas
para verificar o modelo. O método de verificacdo de atributos de transparéncia difere
dessa abordagem, pois o modelo a ser verificado ¢ organizado em uma base de dados
enquanto o conhecimento usado para a verificagdo ¢ implementado nas regras de
producdo. Ha dois modulos distintos para realizar a verificagdo: a base de fatos ¢ a
base de regras. A base de fatos é composta pela especificagdo de requisitos, enquanto
a base de regras ¢ formada pelas regras de produgdo que s@o aplicadas a base de fatos
para inferir a presenga ou auséncia dos atributos de transparéncia.

A estratégia utilizada no trabalho de [15] emprega a tecnologia XML/XSLT para
verificar especificagdes de requisitos sob os aspectos de ambiguidade, completude e
rastreabilidade. A verificacdo dos requisitos ¢ realizada através da aplicagdo de folhas
de estilos sobre o modelo de requisitos representado em XML. Enquanto a
abordagem aqui apresentada utiliza regras de produg¢do para verificar se na
especificagdo de requisitos representada com o Framework iStar ha indicios de
atributos de transparéncia.

A diferenca entre a estratégia utilizada nesse trabalho e as abordagens utilizadas por
[13], [14] e [15] esta no objetivo da verificagdo. Ela busca identificar atributos de
transparéncia em especificagdes de requisitos, enquanto as demais procuram verificar
se essas especificagdes estdo em conformidade com as necessidades ¢ interesses dos
envolvidos no ambiente organizacional onde o sistema ird operar. A transparéncia de
software sera mais uma entre as expectativas dos stakeholders a medida que ela for
exigida pelos diversos segmentos da sociedade. Além disso o uso de uma base de
sindnimos dos atributos de transparéncia procura expandir a abordagem empregada
em [10].

6 Conclusoes

A abordagem baseada em sistema de inferéncia permitiu a obten¢do de um sistema
flexivel e expansivel, que proporciona seu uso para verificar especificacdes de
requisitos e para sugerir a inclusdo de novos atributos em especificagdes analisadas
pelo sistema. Essa estratégia permite também o uso do sistema como uma plataforma
de ensino e disseminagdo das ideias de transparéncia e sua inclusdo em sistemas de
informagdo organizacionais. A representacdo do modelo de requisitos iStar em uma
base de dados permite que outros tipos de verificagdo sejam realizadas. Por exemplo,
a verificagdo sintatica do modelo segundo as regras do Framework iStar ¢ pode
também ser integrada as ferramentas de modelagem iStar.

A separacdo entre a base de dados contendo a especificagdo de requisitos e as regras
de produgdo proporcionou a obtengdo de um sistema de verificagdo composto por
modulos independentes. Novas regras de producdo podem ser adicionadas a medida
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que outras relagdes entre os atributos de transparéncia e o iStar forem propostas. A
base de conhecimento desenvolvida pode ser utilizada por um agente inteligente
baseado em conhecimento.

O sinoénimos dos atributos de transparéncia utilizados para indicar a presenca de
palavras na especificacdo de requisitos que indicam os atributos de transparéncia ¢é
uma proposta inicial que pode ser melhorada a partir de sua utilizagdo em modelos de
requisitos disponiveis na literatura.

Referéncias Bibliograficas

1.

10.

HOLZNER B.; HOLZNER L. Transparency in Global Change: The Value of Open
society. 1. ed. Pittsburgh, PA, EUA: Universidad of Pittsburgh Press, 2006.
CAPPELLIL, C.; OLIVEIRA, A. PADUA; LEITE, J. C. S. P. Exploring Business

Process Transparency Concepts, RE 207, IEEE Computer Society Press, pp. 389-390,
207.

. CAPPELLI, C.; LEITE, J. C. S. P. Transparéncia de Processos Organizacionais. In:

Simposio Internacional de Transparéncia nos Negocios, 2008, Rio de Janeiro, Brasil.
Anais... Rio de Janeiro: Universidade Federal Fluminense, LATEC, 2008. Disponivel em:
<http://www.latec.uff.br/transparencia/anais.pt-br.php>. Acesso em: 25 jan. 2011.

YU, Eric. Modelling Strategic Relationships for Process Reengineering. 1995. 124 f.
Tese de Doutorado — Dept. of Computer Science, University of Toronto, Toronto, 1995.

. LEAL, A. L. C; SOUSA, H. P.; LEITE, J. C. S. P.; BRAGA, J.L. Transparéncia

aplicada a modelo de negécios. In: XIV WER - Workshop em Engenharia de Requisitos
(XIV CibSE - Congresso Ibero-Americano em Engenharia de Software), 2011, Rio de
Janeiro. Proceedings XIV CibSE. Rio de Janeiro, 2011. v. XIV. p. 321-332. Disponivel
em: <http://wer.inf.puc-rio.br/WERpapers/papers_by conference.lp?conference=WER11.
Acesso em: 20 jan. 2012.

. LEITE, J.C.S.P, CAPPELLI, C., Exploring i* Characteristics that Support Software

Transparency. In Proceedings of the 3rd International i* Workshop, CEUR Workshop
Proceedings, Vol. 322, 208, pp. 51-54. Disponivel em: <http://CEUR-WS.org/Vol-322/>.
Acesso em 24 set. 2011.

. OLIVEIRA, A. P. A;; CAPPELLI C.; CUNHA, H. S.; LEITE, J. C. P.; WERNECK, V.

M. B. Engenharia de software Intencional: Tornando o Software Mais Transparente.
In: Simposio Brasileiro de Engenharia de Software, 2007, Rio de Janeiro. Tutorial
apresentado no XXI Simposio Brasileiro de Engenharia de Software, Rio de Janeiro, 2007.
Disponivel em: <http://www.sbbd-sbes2007.ufpb.br/ tuto3.pdf>. Acesso em: 22 jan. 2011.
WORDNET: A lexical database for English. Disponivel em: <http://wordnet.princeton.
edu/wordnet/>. Acesso em: 02 maio 2012.

GIARRATANO, J. C. CLIPS User's Guide. Version 6.0. NASA Lyndon B. Johnson
Space Center, Software Technology Branch, Houston, Texas, EUA, 1993.

BAIA, J. W.; BRAGA, J. L; CARVALHO, L. F. Verificacio de Requisitos de
Transparéncia em Modelos iStar. In: XV WER - Workshop em Engenharia de
Requisitos (XIV CibSE - Congresso Ibero-Americano em Engenharia de Software), 2012,
Bueno Aires . Proceedings XV CibSE. Buenos Aires, 2012. v. XV. Disponivel em:

103



104

CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

11.

12.

14.

<http://wer.inf.puc-rio.br/WERpapers/papers_by conference.lp?conference=WER12>.
Acesso em: 20 jul. 2012.

SILVA, C.; BORBA, C.; CASTRO, J. A Goal Oriented Approach to Identify and
Configure Feature Models for Software Product Lines. In: Workshop em Engenharia
de Requisitos — WERI11, (XIV CibSE - Congresso Ibero-Americano em Engenharia de
Software), 2011, Rio de Janeiro. Proceedings XIV CibSE. Rio de Janeiro, Brasil, 2011. v.
XIV. p. 321-332. Disponivel em: <http://wer.inf.puc-rio.br/WERpapers/papers_by confere
nce.lp?conference=WER11>. Acesso em: 20 jan. 2012.

LEAL, A. L. de C.; ALMENTERO, Eduardo; CUNHA, Herbert; SOUSA, H. P.; LEITE, J.
C. S. P. Bula de Software: Uma Estrutura Definida para Promover a Melhoria da
Transparéncia em Software. In: XV Workshop on Requirements Engineering - WER2012,
2012, Buenos Aires, Argentina. Anais ... Buenos Aires, Argentina: UNLaM - Universidad
Nacional de La Matanza, 2012. v. 15. Disponivel em: <http://wer.inf.puc-rio.br/WER
papers/ papers_by conference.lp?conference=WER12>. Acesso em 11 jun. 2012.

. KIYAVITSKAYA, Nadzeya; ZENI, Nicola; MICH, Luisa; BERRY, Daniel M.

Requirements for Tools for Ambiguity Identification and Measurement in Natural
Language Requirements Specifications. In: Workshop em Engenharia de Requisitos -
WERO07, 2007, Toronto. Proceedings .... Toronto: York University, 2007. p. 197 - 206.
Disponivel em: <http://wer.inf.puc-rio.br/WERpapers/papers_by conference.lp?conferen
ce=WERO07>. Acesso em: 23 dez. 2011.

FUXMAN, A.; MYLOPOULOS, J.; PISTORE, M.; TRAVERSO, P. Model Checking
Early Requirements Specifications in Tropos. In: RE-2001, 9th IEEE International
Requirements Engineering Conference, 2001, Toronto, Canada. Proceedings on Fifth
IEEE International Symposium. Toronto, Canada:[s.n.], 2001.

. DURAN, A.; BERNARDEZ, B.; RUIZ, A.; TORO, M. An XML-based approach for the

automatic verification of software requirements specifications. In: Fourth Workshop
on Requirements Engineering, 2001, Buenos Aires, Argentina. Proceedings ... Buenos
Aires: Universidad Tecnolégica Nacional, 2001. p. 181-194. Disponivel em:
<http://www.inf.puc-rio.br/wer01/>. Acesso em 23 dez. 2011.




CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

Correcciones semanticas en métodos de estimacion de
completitud de modelos en lenguaje natural

Claudia S. Litvak'?, Graciela D. S. Hadad'?, Jorge H. Doorn*?

'Facultad de Ingenieria y Tecnologia Informatica, Universidad de Belgrano, Argentina
2DIIT, Universidad Nacional de La Matanza, Argentina
3 Fac. Ciencias Exactas, Universidad Nacional del Centro de la Provincia de Buenos Aires

{claudia.litvak,graciela.hadad}@comunidad.ub.edu.ar,
jdoorne@exa.unicen.edu.ar

Abstract. La Ingenieria de Requisitos tiene como objetivo producir requisitos
de alta calidad, poniendo especial interés en la completitud de los modelos ela-
borados. Establecer si la informacion elicitada y modelada es suficiente para
construir un software que cubra las necesidades del cliente es una cuestion de
dificil respuesta. Existen algunos intentos realizados en ese sentido, tal como
una adaptacion del método de captura-recaptura para estimar el tamafio de mo-
delos de requisitos escritos en lenguaje natural. Basados en dicho trabajo y con-
siderando la naturaleza de estos modelos, proponemos introducir un analisis
semantico previo a estimar el tamafio, dado que el método predictivo solo con-
templa aspectos formales y cuantitativos. Dicho analisis semantico estudia la re-
levancia, pertenencia, sinonimia y homonimia del contenido textual del modelo.
Comparando los resultados estadisticos de trabajos precedentes contra los obte-
nidos realizando correcciones semanticas, concluimos que estas son beneficio-
sas para la estimacion de la completitud de modelos en lenguaje natural.

Keywords. modelado de requisitos, completitud de modelos, método de captu-
ra-recaptura, modelos en lenguaje natural.

1 Introduccion

La completitud de los requisitos no solo es uno de los criterios de calidad pregonados
en la literatura, sino en el ambito practico del desarrollo de software. El estandar
IEEE 830-1998 reafirmado en 2009 [1] la considera una de las 8 propiedades que
debe cumplir una buena especificacion de requisitos de software.

Con lo cual, la incompletitud es uno de los principales problemas que afronta la
Ingenieria de Requisitos [2-4]. La dificultad radica en poder determinar si se ha lo-
grado elicitar y modelar toda la informacion necesaria para desarrollar un sistema de
software que cubra las expectativas y necesidades de los clientes y usuarios. Segun
Leite [5], el proceso de definicion de requisitos es intrinsecamente incompleto debido
a la complejidad del mundo real. Esto significa que no hay ninguna posibilidad de

105



106

CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

alcanzar la completitud de un modelo, con lo cual el principio conductor debe ser
elaborar un modelo lo mas completo posible.

La incompletitud es un problema comun a otras actividades del proceso de desarro-
llo de software. En el disefio, es logico cuestionarse si se han identificado todas las
clases, todos los métodos y todos los atributos. En las inspecciones de cédigo o de
algun otro artefacto permanece siempre la duda si se han detectado todos los defectos.
La misma incognita se plantea en la etapa de testing. Es decir, pueden existir cuestio-
nes no descubiertas en diversos artefactos o actividades a lo largo de todo el desarro-
llo de software y persistir estas sin ser detectadas, con la consecuente degradacion en
la calidad del software e inevitable insatisfaccion del cliente. Aun cuando la comple-
titud es un criterio de calidad pregonado en la literatura y exigido por muchos estan-
dares, su cumplimiento es con mucha frecuencia parcialmente alcanzado.

Entonces, el problema de la incompletitud esta directamente relacionado con un ti-
po especifico de defecto: las omisiones. Las técnicas de verificacion, en algiin grado,
y de validacién, menos atin, ayudan a mitigar este problema, asi como el uso de técni-
cas de elicitacion apropiadas permiten lograr una adquisicion de conocimiento mas
completa. Sin embargo, estas técnicas por si solas no permiten eliminar el problema ni
siquiera estimar el grado de completitud alcanzado. Esto significa que, si no se puede
asegurar la completitud, al menos se debiera ser consciente del nivel aproximado de
completitud alcanzado en los modelos para decidir cudndo avanzar hacia otras etapas
del proceso de desarrollo o continuar elaborandolos.

El método de captura-recaptura [6] es un método de prediccion del tamafio de po-
blaciones cerradas que se ha utilizado en Ingenieria de Software para estimar el nime-
ro de defectos atin no descubiertos en artefactos de codigo [7-9] y en documentos de
requisitos [10]. Posteriormente, este método se aplicd en la Ingenieria de Requisitos
para predecir el numero de elementos faltantes en un modelo de requisitos [11-12]. En
el trabajo de Walia y Carver [10] se realizan varias inspecciones independientes sobre
el mismo modelo de requisitos para estimar defectos en dicho modelo, mientras que
Doorn y Ridao [11-12] realizaron la estimacioén de elementos no elicitados en un do-
minio de aplicacion a partir de varios ejemplares de un modelo, construidos indepen-
dientemente.

La adaptacion del método de captura-recaptura realizado por Wohlin y Runeson
[7], llamado Detection Profile Method (DPM), fue aplicado por Doorn y Ridao [11-
12] para estimar el tamafio de dos modelos escritos en lenguaje natural: el Léxico
Extendido del Lenguaje y Escenarios. El método predictivo requiere tener dos o mas
muestras de la misma poblacidn, por lo cual Doorn y Ridao utilizaron nueve muestras
de ambos modelos. Cada muestra fue producida por diferentes grupos de elicitadores.
De acuerdo con los resultados que obtuvieron, el numero de elementos omitidos en
cada muestra era de significativa importancia. El grupo de elicitadores que descubrid
el mayor nimero de elementos solo alcanz6 un nivel de completitud del 51%, medido
en referencia a la cantidad de elementos presentes en la union de todos los valores
muestrales obtenidos por todos los grupos. A primera vista, estos niveles indicarian
que el modelo construido por cada grupo de elicitadores es bastante pobre. Esta sola
experiencia muestra claramente que el problema de la incompletitud es efectivamente
mucho mas serio que lo que en principio se presupone.
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En base a esto, hemos conjeturado acerca de la posibilidad de que no se hayan
identificado los elementos adecuados en cada una de las muestras al aplicar el método
de captura-recaptura. Por lo que, hipotetizamos que se deberia realizar un analisis
previo de los elementos de cada muestra antes de establecer la estimacion del tamafio
del modelo, con el fin de mejorar la calidad de dicha estimacion. Los resultados ini-
ciales que obtuvimos confirman una mejora en la estimacion del tamafio para un mo-
delo especifico escrito en lenguaje natural.

En la siguiente seccion se presentan los trabajos anteriores y la motivacién del pre-
sente trabajo. En la seccion 3 se describe la hipdtesis planteada y el trabajo desarro-
llado para comprobarla, detallando el analisis semantico realizado. En la seccién 4 se
detallan observaciones del estudio semdantico-estadistico realizado y, finalmente, se
exponen conclusiones y trabajos futuros.

2 Marco de Trabajo

Doorn y Ridao en [11] han estudiado experimentalmente el uso de DPM [7] para
estimar el nimero de términos faltantes en un glosario, llamado Léxico Extendido del
Lenguaje (LEL) [13]. El LEL es un glosario de términos (simbolos) que se utilizan en
el universo de discurso. Cada término se describe por uno o mas nombres (sinoni-
mos), una nocion (denotacioén), un impacto (connotacion) y un tipo (clasificacion del
simbolo) que guia la definicion del término.

En dicho trabajo [11], concluyeron que aumentando el nimero de elicitadores (in-
genieros en requisitos), la brecha entre el nimero de elementos elicitados y el nimero
de elementos estimados disminuye. Cuando se refieren al nimero de elicitadores, esto
implica que se dispone de mas muestras de la poblacion, es decir, mas modelos-
muestra.

Se analizaron los resultados que obtuvieron Doorn y Ridao aplicando DPM al mo-
delo LEL. El nimero estimado de elementos faltantes en el LEL fue 9 de los 118
términos elicitados en conjunto por todos los grupos. En principio, el nimero de ele-
mentos faltantes parece ser un nimero bajo, sin embargo, esto no es asi cuando se
estudia la muestra de cada grupo de elicitadores independientemente. Si observamos
los resultados obtenidos por dos grupos cualesquiera, por ejemplo el Grupo 1 y el
Grupo 5, ellos coinciden en 34 elementos, pero difieren en 50. Esta diferencia se ma-
nifiesta en que al Grupo 1 le faltd encontrar 32 elementos que si fueron detectados por
el Grupo 5, y al Grupo 5 le faltaron 18 elementos del Grupo 1. Luego, se observa que
las diferencias superan ampliamente las coincidencias. Cabe destacar que estas dife-
rencias seflalan omisiones en las respectivas muestras del modelo. Esta situacion se
agrava si comparamos un grupo respecto a todos los otros, por ejemplo, al Grupo 1 le
faltdé encontrar en total 66 elementos, mientras que el Grupo 5 omitié 53 elementos.
Aqui entonces, la cantidad de omisiones es mas notoria aun. El hecho de que dos
grupos difieran en alrededor de 50 términos requiere estudios mas profundos para
explicar estas diferencias.

Se debe tener en claro que la experiencia reportada en [11] y revisada en este arti-
culo no es un trabajo profesional viable ya que se multiplica el esfuerzo necesario por
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un factor de 9. Este estudio sdlo es posible en el contexto de un proyecto de investiga-
cion que pretende ponderar de manera cuantitativa la magnitud de la falta de comple-
titud. Por otro lado, ninguna de estas 9 muestras del modelo sufrié un proceso de vali-
dacion. Se debe notar que en general una validacion con clientes permite detectar
basicamente datos erroneos y contradicciones, mientras que la identificacion de omi-
siones tiene una baja incidencia durante una validacion debido a que los clientes habi-
tualmente se centran en analizar lo que esta presente en el modelo. En otras palabras,
en el mejor de los casos, las personas provenientes de la organizacion receptora del
sistema tienen por objetivo colaborar hasta donde les sea posible con la redaccion de
un documento, por ejemplo un glosario, cuyo propdsito no les es propio. Esté fuera de
su intencion y habitualmente de su capacidad darse cuenta de qué palabras o frases,
ellas usan frecuentemente y que son importantes para la Ingenieria de Requisitos. Por
estos motivos, ellas se daran cuenta facilmente de errores en la definicion de un tér-
mino y, en el mejor de los casos, de debilidades, pero seguramente estaran lejos de
poder contribuir espontdneamente con nuevos términos.

Basandonos en el estudio de Doorn y Ridao del modelo LEL y considerando todas
las omisiones observadas anteriormente, realizamos un nuevo estudio bajo la hipotesis
de que los grupos de elicitadores estaban observando diferentes universos de discurso
[14-15]. En dicho trabajo previo, dividimos el universo bajo estudio en cinco sub-
areas para facilitar la realizacion del analisis estadistico. Confirmamos estadistica-
mente, que en cuatro sub-areas los grupos habian observado universos con limites
diferentes, mientras que en sélo una sub-area, todos estaban observando el mismo
universo. La Fig. 1 presenta las tres visiones diferentes de la sub-area Administracion
de Bien Tipo. Esto significa que 4 grupos observaron el mismo universo en esta sub-
area, 3 grupos observaron otro universo y otros 2 grupos tuvieron otra vision del uni-
verso. Es de destacar que estos tres universos fueron detectados y confirmados utili-
zando técnicas estadisticas, habiéndose logrado un grado de confianza muy alto en el
resultado.

Estas conclusiones nos llevaron a formular una nueva hipdtesis bajo la cual debe-
mos estudiar el contenido textual de las muestras internamente (intra-analisis seman-
tico) y entre muestras (inter-analisis semantico) para unificar los diferentes limites
observados del mismo universo y poder estimar adecuadamente el tamafio del mode-
lo.

Es de destacar que tanto los estudios originales [11-12] como esta revision, se ba-
san en datos no influenciados por el trabajo de investigacion realizado, ya que en el
momento de construccion de los 9 modelos Iéxicos no existia ninguna intencion de
realizar un estudio comparativo de los mismos, siendo que este estudio fue realizado
varios afios después, dado lo cual no hubo contaminacioén por parte de los investiga-
dores. Por otro lado, debemos mencionar que estos modelos se basaron en un caso
real detallado en forma escrita, evitando la contaminacion cruzada entre grupos de
elicitadores. Debe notarse, ademas, que el nimero 9 de muestras es un valor impor-
tante para aplicar métodos formales de estimacion.
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Total de elementos detectados del sub-problema:
Administracion de bien tipo

Grupo1l Grupo2 Grupo3 Grupo4 Grupo5 Grupo6 Grupo?7 Grupo8 Grupo9

Il

Administracion de Bien Tipo
con tres visi distintas del universo

w

N

Cantidad de Grupos

Cantidad de El

Universo Universo Universo
observado por observado por observado por
Grupos 2, 3,6y 8 Grupos 4,7y 9 Grupos 1y 5

Fig. 1. Visiones de los elicitadores en una sub-area: Administracion de Bien Tipo [14]

3 Desarrollo del trabajo

3.1 Hipétesis de Trabajo

En base al analisis de los resultados presentados en un articulo preliminar [15], plan-
teamos la siguiente hipotesis de trabajo: “Se requiere un andlisis semantico sobre los
elementos del modelo en lenguaje natural antes de aplicar métodos formales de esti-
macion de tamario del modelo”.

Para comprobarlo, partimos de las mismas muestras utilizadas por Doorn y Ridao
en [11], es decir, dispusimos de 9 muestras del modelo LEL generadas por 9 grupos
de ingenieros (alumnos de posgrado y profesores) que estudiaron el mismo universo:
el sistema de Planes de Ahorro Previo para la Adquisicion de Vehiculos Okm.

Comenzamos realizando un estudio estadistico para estimar el tamafio del modelo
LEL sin ningln ajuste en los elementos de las muestras (simbolos del 1éxico generado
por cada grupo de elicitadores). Luego, analizamos semanticamente cada elemento de
la muestra, para finalmente volver a realizar la estimacion del tamafio del modelo con
las correcciones semanticas necesarias. En las siguientes sub-secciones detallamos
estas actividades.
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3.2  Trabajo Estadistico Inicial

Para realizar el estudio estadistico aplicando DPM sobre las 9 muestras, se requirid
primero identificar los elementos comunes (simbolos) elicitados por todos los grupos,
luego identificar aquellos elicitados por solo 8 grupos, y asi sucesivamente hasta ob-
tener los elementos elicitados por un solo grupo. Es decir, se determiné la unién de las
9 muestras, registrando la frecuencia de aparicion de cada elemento (en cuantos gru-
pos aparecid el mismo elemento, ver Tabla 1).

La identificacién de elementos comunes entre distintas muestras se realizd por
simple sinonimia de nombre. Esto significa que dos simbolos de distinto grupo repre-
sentan un Unico elemento del universo si ambos tienen el mismo nombre, o coinciden
en al menos un nombre (caso que el simbolo tenga sinénimos). Cabe aclarar que la
comparacion de nombre considerd variantes gramaticales, tales como flexiones nomi-
nales, flexiones verbales y formas sustantivas de verbos. Este fue un criterio similar al
aplicado en [11] con menos refinamiento, para identificar el conjunto de simbolos
distintos detectados por todos los grupos.

Tabla 1. Frecuencia de aparicion de cada simbolo en el conjunto de muestras

SiMBOLOS G1 G2 G3 G4 G5 G6 G7 G8 G9 | Frecuencia
Solicitud de adhesion / Solicitud / Pla 9
Solicitante

Adherente / Miembro de grupo / Tituld
Administradora / Sociedad Administrg
Sorteo / Sorteo mensual / Sortear / A
Bien tipo / Automovil / Bien / Vehiculg
Fabricante / Importador / Proveedor
Plan de ahorro / Plan / Sistema de Ah
Grupo / Grupo de Adherentes
Comunicacion fehaciente / Notificacid
Adjudicatario / Adjudicado

Licitacion / Adjudicar por licitacion / Al
Adjudicacion / Acto de adjudicacion /
Cuota pura

JEEN I PN QN RN DEIN IR (RN U

alalalalalalalaa] -

JEEN) [N QN IR IR DRI (RN (IR Y| R RN N
JEIN) [N DR RN IR R (U (I Y| R I N

JEIN) EIN) N QU IR IR (IR (EEN DI R RN IR N

alalalalalalalalalalal=a] -
alalalalalalalalalalalaa]~
alalalalalalalalalalal==] -
alalalalalalalalalalal==] -
~N[N|N|o|w|o|lo|o|o|o|o|o|©o

Cesionario / Adherente Cesionario 1 1
Incumplimiento imputable al grupo 1 1
Notificacion de rechazo 1
Aceptacion / Aceptado 1
Desistir de Solicitud 1
Rechazo de solicitud 1
Solicitante aceptado 1

alalalal=alnln

[ Cantidad de simbolos: 132 | 54 | 29 | 31 | 35 | 67 | 27 | 46 | 24 | 55 | 368 |

El método DPM [7] aplicado se basa en ajustar la curva que representa los datos
referidos a la cantidad de grupos que elicitaron cada simbolo (obtenidos de la planilla
confeccionada cuyo extracto se muestra en la Tabla 1), utilizando una curva tedrica
simple. En este caso se us6 una funcién exponencial decreciente, ecuacion (1), cuyos
parametros incluyen las variaciones de probabilidad de deteccion de un simbolo y de
la habilidad de elicitacion del grupo.

Entonces, la ecuacion que representa la curva de ajuste exponencial es:
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m =Axe™ (1)

siendo
m, : cantidad total de grupos que detectaron el simbolo x
b : decrecimiento de la funcién exponencial
A : constante
Utilizando técnicas de regresion se estimaron los parametros A y b, obteniendo A =
7,0514 y b=0,0191, con un coeficiente de determinacion R*=0,8529. Este coeficien-
te de determinacion es un parametro para evaluar la distancia entre la estimacion y los
datos experimentales (0< R? <1). La cantidad total de simbolos estimados se calcula
por el mayor valor de x para el cual la ecuaciéon (1) produce un valor mayor o igual
que 0,5, es decir, haciendo my =y para y = 0,5. Esto da como resultado el valor esti-
mado 138. La Fig. 2 representa esta curva de aproximacion.
Entonces, entre todos los grupos encontraron 132 simbolos (sin repeticion) de los
138 simbolos estimados aplicando DPM, es decir, les ha faltado, en conjunto, elicitar
6 simbolos.

y = 7,0514¢ 001%™

10
R? = 0,8529
9 Jcm

8 1 »
é? . oo
&
85 1 Cantidad esti-
54 8 mada de simbolos
%3 ] del LEL: 138
“2

1] y

0 : : : ‘ ‘ ‘

0 20 40 60 80 100 120 140 160
Cantidad de simbolos del LEL

Fig. 2. Aplicacion de DPM antes de la correccion semantica

33 Analisis Semantico

Se realiz6 un estudio de la semantica de todos los términos del LEL definidos por los
9 grupos de elicitadores. Ahora, ademas de considerar los nombres de los simbolos, se
analizo la denotacion y connotacion de los mismos.

Primero, se hizo un andlisis semantico dentro de cada muestra, independiente de
las restantes, donde se establecio la pertenencia y la relevancia del simbolo en el uni-
verso de discurso. Posteriormente, se realizo un analisis semantico entre simbolos de
distintas muestras para establecer sindnimos y homonimos. Tanto en el intra-analisis
semantico como en el inter-andlisis, el estudio comenzd por aquellos simbolos de
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menor frecuencia de aparicion en el conjunto de todas las muestras. Una baja frecuen-
cia implica que un inico grupo o unos pocos grupos elicitaron el simbolo.

Para establecer la pertenencia, primero se valid6 la existencia del nombre del sim-
bolo en dicho universo. Luego, se analizé su contenido (denotaciéon y connotacion)
para establecer si el simbolo estaba fuera de los limites del universo bajo estudio o no.
En el caso de que el contenido del simbolo tuviese informacion del universo pero el
nombre fuese invalido (creado artificialmente por los elicitadores), podia existir otro
nombre en el universo no detectado por el grupo elicitador. En este punto, el simbolo
quedd marcado para ser tenido en cuenta en el inter-analisis semantico para estable-
cer sinébnimos con simbolos de otros grupos.

La relevancia se analiz6 en base a la denotacion y connotacion del simbolo. La re-
levancia de un simbolo se determind por el aporte de conocimiento al modelo LEL.
Esto es, se consideraron no relevantes aquellos simbolos con exceso en el nivel de
detalle, innecesario para un glosario, o con informacioén parcial ya contenida en otro
simbolo.

El inter-analisis semantico comenzo6 por confirmar los sindnimos ya establecidos
para el estudio estadistico inicial (presentado en la anterior sub-seccion). Ahora, ya no
alcanz6 tener nombres de simbolos idénticos o nombres con variaciones gramaticales,
se debian tener contenidos similares. Por lo tanto, se confirmaron sinénimos estudian-
do la denotacion y connotacion entre cada par de simbolos. En el caso de diferencias,
se descartd la relacion semantica de sinonimia, y se analizo la posibilidad de homo-
nimos (homografos). Luego, este andlisis semantico continu6 estableciendo nuevos
sindnimos entre simbolos de distintas muestras cuyos nombres no eran idénticos (ni
las flexiones gramaticales). Para ello, se compararon las denotaciones y connotacio-
nes de cada simbolo.

En resumen, como consecuencia del intra-andlisis semantico, hubo simbolos que se
descartaron, fueron aquellos que cumplian con algunas de las siguientes caracteristi-
cas: a) con informacién fuera del limite del universo de discurso; b) con informacién
con un exceso de nivel de detalle, innecesaria para un glosario, que podia ser mencio-
nada dentro de otro simbolo; y c) con informacidén que ya estaba contenida en otros
simbolos.

Como consecuencia del inter-analisis semantico, se ajusté la cantidad de simbolos
sin repeticion del conjunto de muestras, en base a los siguientes aspectos: a) deteccion
de sinébnimos entre muestras, y b) deteccion de homdnimos entre muestras.

La Fig. 3 muestra los 9 grupos con los simbolos del LEL detectados por cada uno
para la sub-area Adhesion. En esta figura se identifican los simbolos descartados: 8
simbolos de un total de 21 simbolos sin repeticion, siendo el conjunto muestral de 60
simbolos. Las intersecciones representan los sindnimos. Se puede observar visual-
mente que hubo 4 simbolos compartidos por todos los grupos para esta sub-area, y
que a su vez coincidieron con el conjunto muestral de los Grupos 2 y 8.

Los resultados del ajuste semantico se resumen en la Tabla 2. Antes del estudio
semantico se habian detectado un total de 132 simbolos sin repeticion, elicitados en
conjunto por los 9 grupos, mientras que concluido el estudio semantico se descartaron
35 simbolos (esta diferencia esta dada por no existentes, no relevantes, no identifica-
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dos como sinénimos y desglose de homoénimos inicialmente considerados como sin6-
nimos), quedando entonces un conjunto de 97 simbolos.

@ Simbolo Incluido
© Simbolo Descartado

Fig. 3. Distribucion visual de simbolos por grupos para sub-area Adhesion

Tabla 2. Resultados del analisis semantico

PRE POST
Andlisis Anilisis
Semantico | Semdntico
Grupo 1 54 46
Grupo 2 29 28
Grupo 3 31 24
Grupo 4 35 35
Grupo 5 67 62
Grupo 6 27 14
Grupo 7 46 44
Grupo 8 24 22
Grupo 9 55 51
Total de simbolos elicitados 368 326
Total de simbolos sin repeticién 132 97
Simbolos Descartados
Nombre no existe y no es relevante 9
Nombre existe pero simbolo no es relevante 23
Sindnimo no detectado en el grupo 3
Homénimo no detectado (3)
Total de Simbolos Sin Repeticion Descartados 35

3.4 Estimacion Estadistica con Ajuste Semantico

Una vez realizado el ajuste semantico se tuvo una nueva frecuencia de aparicion de
cada simbolo en el conjunto de las muestras. Se aplicé nuevamente DPM a las mues-
tras corregidas y se obtuvo la curva de ajuste presentada en la Fig. 4, donde se estima-
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ron los nuevos valores de A y b, obteniéndose A = 9,561 y b = 0,0279, con un coefi-
ciente de determinacion R? = 0,9394. Ahora, la cantidad de simbolos estimados fue de
105, es decir, han faltado encontrar 8 simbolos del conjunto corregido semanticamen-
te.

y = 9,5619¢%7%
R? = 0,9394

Cantidad esti-
mada de simbolos ||
del LEL: 105

N

Cantidad

o =~ N W
L

0 20 40 60 80 100 120
Cantidad de simbolos del LEL

Fig. 4. Aplicacion de DPM después de la correccion semantica

Los coeficientes de determinacion permiten comparar ambos graficos, Fig. 2 y 4.
En el primer caso, sin las consideraciones semanticas (Fig. 2), el coeficiente de de-
terminacion obtenido fue R? = 0,8529. Al aplicar la correccién semantica (Fig. 4), el
valor fue R* = 0,9394. Se observa entonces que este Giltimo valor estd mucho mas
cerca de 1, lo que implica que la curva tiene estadisticamente una mejor calidad que la
inicial.

Tabla 3. Comparacion de algunos Resultados

PRE POST
Analisis Analisis
Semantico | Semantico
Cantidad Elicitada 132 97
Total de — -
Tamaio Estimado 138 105
Grupos — -
Omisiones Estimadas 6 8
Cantidad Elicitada 67 62
Grupo 5 - -
Nivel de Completitud 49% 59%

Si analizamos los valores obtenidos en la segunda estimacion respecto de la prime-
ra, aiin cuando ha crecido levemente la cantidad de omisiones, el nivel de completitud
alcanzado individualmente por cada grupo ha mejorado. Como se muestra en la Tabla
3, el Grupo 5 que habia elicitado la mayor cantidad de simbolos solo alcanzaba un
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49% de completitud, y una vez realizadas las correcciones semanticas ha mejorado al
59%.

4 Observaciones sobre el estudio semantico-estadistico

En base al analisis semantico y posterior estudio estadistico, se puede puntualizar lo

siguiente:

e Desde una perspectiva semantica, se puede afirmar que el Grupo 6 observo dé-
bilmente al universo, pues del total de 27 simbolos que elicitd, solo 14 simbolos
fueron considerados relevantes. Ademas, identificd 7 simbolos cuyos nombres no
existian en el universo de discurso. Es decir, en general tuvo una vision diferente
del universo dada una captura de simbolos muy distorsionada frente al resto de
los grupos.

e En el otro extremo, el Grupo 5 fue el que identificd mas simbolos relevantes. Del
total de 67 simbolos identificados por este grupo, solo 5 fueron descartados. Con-
siderando el ajuste semantico, este grupo encontr6 el 64% de simbolos del total
elicitados entre todos los grupos (97), aunque el 59% del total estimado (105).

e Considerando el conjunto de simbolos ajustados semanticamente (97), hubo 9
simbolos elicitados por todos los grupos y 10 simbolos detectados en comtin por
7 u 8 grupos diferentes. Es decir, hubo casi un 20% de simbolos comunes elicita-
dos entre 7 y 9 grupos, valor que puede considerarse relativamente bajo.

e Se comprobd semanticamente la existencia de 16 simbolos cuyos nombres no
pertenecian al universo de discurso, aunque el significado (denotacion y connota-
cion) de 7 de ellos era relevante, es decir, dicha informacion no deberia omitirse.
Efectivamente, esa informacion estaba contenida en otros simbolos de otros gru-
pos, por lo tanto ellos no fueron desestimados. Ademas, debe notarse que habia
mas nombres inexistentes pero tenian sinonimos dentro del grupo, por lo tanto, el
nombre inexistente se descartd, sin alterar las estadisticas.

e En resumen, se identificaron en total 35 simbolos no necesarios de un total de
132 simbolos distintos identificados entre todos los grupos. Es decir, se descarto
un 26% de los simbolos hallados por los grupos para realizar el estudio estadisti-
co.

Todo esto confirma lo expuesto en la seccion 2, en el sentido de que el problema
de completitud es mucho mas importante que lo que se percibe a primera vista.

5 Conclusiones

En base a trabajos anteriores realizados sobre la estimacion del tamafio de modelos
escritos en lenguaje natural aplicando un método de captura-recaptura, atin cuando
parecia encontrarse un camino promisorio para encarar la incompletitud, el analisis de
los resultados estadisticos no parecian ajustarse a la realidad. Partiendo de este anali-
sis previo, se decidié mejorar las estimaciones ajustando los valores experimentales
de cada muestra. Es decir, se resolvid determinar correctamente la cantidad de simbo-
los 1éxicos elicitados por cada grupo respecto de los otros, pues al manejar elementos
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descriptos en lenguaje natural no suele ser tan facil establecer si dos elementos de dos
muestras distintas se refieren al mismo elemento o no.

De los resultados estadisticos presentados en este trabajo, se puede establecer que
realizar un analisis semantico hace mas confiable las estimaciones de completitud del
modelo. Esta mejora en las estimaciones hacen mds solidas las conclusiones del traba-
jo original, en el sentido que los problemas de completitud son usualmente muy sub-
estimados.

Las 9 muestras del modelo LEL fueron construidas en 1997 cuando la creacion del
glosario tenia guias bésicas a seguir [16]. Dados los resultados, estas muestras no
lograron asegurar que los elicitadores tuviesen una vision unificada del universo de
discurso. El proximo paso sera elaborar méas muestras del modelo LEL para el mismo
universo de discurso basados en un proceso de creacion del LEL afianzado [17]. Esto
permitira establecer si disponer de guias mas detalladas colabora en una actividad de
elicitacion cuyo resultado sea independiente del elicitador, permitiendo alcanzar un
grado de completitud mayor. Por otro lado, el andlisis semantico realizado en el pre-
sente trabajo sera estudiado para elaborar nuevas guias en la creacion de glosarios o
refinar algunas presentes en [17]. Consideramos que, a partir de este trabajo, es nece-
sario modificar el perfil de la heuristica de construccion del LEL, la que hasta este
momento es notoriamente sintdctica, debiéndosele incorporar mas aspectos semanti-
cos.

Una cuestion pendiente es la transferencia de esta experiencia a otros modelos que
utilicen el lenguaje natural con estructuras que presenten distintos grados de formali-
dad.

Adicionalmente, se profundizara el andlisis de la influencia del nivel de completi-
tud de un modelo sobre otro modelo derivado de él. Este es el caso de estudiar el nivel
de completitud de un conjunto de Escenarios Actuales construidos a partir de infor-
macion derivada del modelo Iéxico. También se podria estudiar la completitud del
conjunto de Escenarios Futuros partiendo de informacién proveniente de Escenarios
Actuales.
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Abstract. The celebration of 25th anniversary of the Brazilian Symposium of
Software Engineering (SBES) as well as the forthcoming Requirements
Engineering Conference to be held in Brazil for the first time, has led us to have
a closer look at the local Requirements Engineering (RE) Community. A
systematic mapping was performed in order to find out the main Brazilian
research groups, authors as well as their topics of interest and publications with
greatest impact. This information may be useful for those that do not know well
the local requirements engineering community, such as local newcomers or
foreign researchers. It may also help to identify potential groups for
collaboration. Similarly, it may provide valuable information to assist local
agencies when granting research funds.

Keywords: requirements engineering; systematic mapping

1 Introduction

The activities related to software requirements are some of the most important steps in
software development, since the requirements describe what will be provided in a
software system in order to fulfill the stakeholders’ needs. The process of eliciting,
analyzing, specifying, validating and maintaining requirements is known as
Requirement Engineering (RE).

The RE research community is constantly investigating methods and techniques to
tackle and overcome open issues and challenges that may compromise the quality of
RE activities [1-3]. The ACM taxonomy has often been used to classify the types of
RE work performed [4].

The Brazilian Software Engineering community has recently celebrated its 25"
anniversary. It includes several RE groups that have national and international
participation in events such as Brazilian Symposium on Software Engineering- SBES,
Workshop on Requirements Engineering - WER, IEEE International Requirements
Engineering Conference (RE), etc. As an evidence of its growing importance, it was
successful in bidding to host the flagship IEEE International Requirements
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Engineering Conference which will be held in Rio de Janeiro in 2013. Hence, we felt
that it timely to perform an investigation about the contributions made by the
Brazilian Requirements Engineering research community to the RE area and their
impacts. Thus, this work presents a systematic mapping of the literature related the
RE scientific works carried out and published by the Brazilian community during the
last 25 years [5]. The purpose of this mapping study is to identify the main research
groups, authors and their publications as well as the topics of interest and the
scientific works with greatest impact. With the results obtained from this study, a
newcomer will be able to identify main groups, key researchers and the work already
developed as well as topics that have not deserved much attention by the local
community. This kind of information will also be useful for setting up possible
collaborative network as well to identify priorities for the allocation of further
research funds.

It is worth noting that we started our systematic review examining the main local
event of the Brazilian Software Engineering community (i.e. SBES) together with the
regional specialized Requirements Engineering event (i.e. WER). The research
reported is primarily a statistical analysis of search results for Brazilian papers
published in SBES and WER. These events served as the basis for the initial
identification of the most productive RE groups. Then, we widened our search using
specialized search engines (such as ACM Digital Library, IEEE digital Library,
Scopus, Elsevieer) to identify their relevant publications in the RE field, which
enabled us to identify the most popular research topics as well as the publications
with the greatest impact.

This paper is structured as follows. Section 2 describes our research protocol,
including the search strategy and studies selection. In Section 3, we describe the
results of our mapping. Section 4 includes the analysis and discussion of the mapping
results. Section 5 addresses the threats to the validity of this research’ results. Lastly,
the paper is concluded in Section 6.

2 Research Protocol

To achieve the purpose of this paper, we performed a systematic mapping of the
literature, which provides an overview of the RE research area to assess the amount of
existing evidence on a topic of interest and trends to guide future studies [6]. In the
sequel we define the research scope; the research planning of the search process; the
inclusion and exclusion criteria of the data gathering and its analysis.

The Systematic Mapping protocol has been designed and executed by three pair of
researchers and three additional researchers that revised this protocol, conducted the
inclusion and exclusion of papers, and discussed the results of the review.

2.1  Scope

The scope of this research is the analysis of the major Brazilian research groups and
their published papers in Requirements Engineering area. In order to identify them we
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examined both regional and international events. First, we examined the proceedings
of the 25 editions of SBES (the most prestigious Brazilian venue for publication of
works in Software Engineering) as well as 14 editions of WER (the regional
specialized forum on Requirements Engineering). In doing so we will be able to
identify the groups that have published most papers at SBES and WER. Later, we will
use some search engines (ACM, IEEE, SCOPUS and Elsevier) to investigate
publications written in English in other international forums that are indexed by them.
Unfortunately, given the complexity of our query the Springer search engine could
not be used.

2.2 Research questions

The definition of the research questions is the most important part of a systematic
review [6]. Therefore, the research questions that we intend to answer in this
Systematic Mapping are the following:

RQ1. What are the main Brazilian RE research groups, authors and publications
published at SBES and WER?

RQ2. What are the main research topics published by the Brazilian RE community?

RQ3. What are the publications of the Brazilian RE community with the greatest
impact?

2.3  Search process

We performed our systematic mapping in two cycles. In the first cycle we examined
the SBES and WER events to find out the requirements engineering contributions of
the Brazilian community. Since not all SBES Editions were available in a digital
library we had to manually search the proceedings of all 25 editions. We also
considered the 14 editions of WER. As a result we identified 07 major Brazilian
research groups.

In the second cycle we widened our search using automatic engines to check the
publication of these 07 groups in international forums. The following scientific search
engines were used: ACM (Advanced Search); IEEE (Advanced Search); Scopus;
Elsevier (Science Direct Search). In order to identify and select the studies, we
created a search string that was defined in three parts: first, the keywords related to
the different RE areas and their variants; second, the term Requirement Engineering,
in order to associate the keywords to our area of interest; last, the affiliations related
to the major Requirements Engineering research groups in Brazil (according to the
results of the first cycle). The string was structured as follows:

(("Analysis" OR "Analyzing" OR "Model" OR "Modeling" OR "Modelling") OR
("Elicitation” OR "Elicit" OR "Eliciting") OR ("Language" OR "Notation") OR
("Management” OR "Evolving" OR "Traceability" OR '"Maintaining") OR
("Methodology" OR "Method") OR ("Process") OR ("Specification" OR "Specifying"
OR "Communication" OR "Communicating") OR ("Tool") OR ("Validation" OR
"Validating” OR "Agreeing" OR "Verification" OR "Verifying")) AND
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("Requirements Engineering") AND (Affiliation:"major Brazilian groups in SBES
and WER")

The specific syntax of this specialized search string was adapted to each digital
library previously mentioned. In order to provide more thorough results, we searched
each affiliation using its abbreviation, its full name in Portuguese and its full name in
English.

In the second cycle, we also manually searched the Springer Requirement
Engineering journal (REJ) to find works with Brazilian affiliations. This is the most
important international journal on Requirements Engineering. Thus it is imperative to
consider it when analyzing the impact of researches in this field. The other important
international conferences are indexed in the digital libraries used.

2.4 Inclusion and exclusion criteria

As it is usual in systematic mappings, we defined inclusion and exclusion criteria in
both cycles in order to guide the selection of the papers that would be considered in
our analysis. The inclusion criteria used for the selection of papers in this systematic
review were the following:

— The selected papers should be related to Requirements Engineering and contain at
least one Brazilian affiliate on its authors list;
— The papers must be available on-line or made available by the author.

On the other hand, the defined exclusion criteria were:

— Documents that are not full papers (e.g., PowerPoint presentations and Short
papers);

— Informal research (e.g., Wikis, Blog posts, etc);

— Papers that do not mention Requirements Engineering;

— Duplicated papers.

Three pairs of researchers read the title and abstract and skimmed the paper in
order to determine the inclusion or exclusion of the papers listed by the search
engines. When there was some divergence, a third researcher would be assigned to
make the inclusion/exclusion decision.

2.5  Quality assessment

The assessment of the quality of a research is a quite debatable matter because it is a
subjective task, i.e. different reviewers may value different aspects. As systematic
reviews and systematic mappings are key tools for enabling evidence-based practice,
we have decided assess if each publication had followed basic principles suggested by
the Empirical Software Engineering Community [17]. Based on [7] we proposed the
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following questions to assess the quality of the individual primary studies as well as
the overall strength of the body of evidence used:

— Is the study objective clearly mentioned? (Yes =1/ No =0);

— Are the measures used in this study completely defined? (Yes = 1 / Measures are
cited, but are not defined = 0,5/ No = 0);

— Are the methods to collect data well described? (Yes = 1 / Methods are cited, but
its application is not described = 0,5 / No = 0);

— Are the study results reported in a clear and unambiguous way? (Yes = 1 / No = 0);

— Are the results reported based on evidence? (Yes = 1/ Yes, but not in the paper =
0.5/ No =0);

— Are the threats to the study validity discussed? (Yes = 1 / Possible threats are cited,
but its effects are not discussed = 0,5 / No = 0);

The sum of the answers to each question will provide an indicator (ranging from 0
to 6) of the quality of empirical study. Of course, some other well-known indicators
could have been used to assess the quality of the primary study (eg. citation impact
that was analyzed separately).

2.6 Data extraction

After the search and the selection processes, we performed a data extraction process
by reading each one of the selected papers. In order to guide this data extraction, we
adapted a data collection form from Biolchini et al. [8], containing the following
fields:

— Paper Information: Source; Year; Source Type (Journal or Conference); Brazilian
affiliations; Authors list; Title

— Citation (according to the source); Impact Google Scholar; Impact Scopus

— ACM Classification

— Requirements Structure (Models [Standard and Non-Standard]; Natural Language,
Textual or Graphical Representation)

— Initial Model (Goal-Oriented Models; Business Models; Stories, Scenarios and Use
Case Template; Use Case Diagram; UML; User Interface [Prototype]; Not
Specific)

— Method (KAOS; RESCUE; GGBRAM; Any UML-based Method; RUP; CREWS-
SAVRE; Not Specific)

— Empirical Study Type (Controlled experiments; Quasi-experiments; Case Study;
Survey; Ethnography; Action Research; Tllustration; Empty")

— Empirical Study Classification

— Context (Industry and Academia)

— Use any tool? (Yes; No)

— Subjective results extraction

We just classified the papers as empirical studies but did not restrict it to this (eg. Surveys
do not have empirical validation).
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2.7  Data synthesis

In order to facilitate the analysis of the research questions the data collected were
tabulated to show:

— The identifier assigned to the study, its authors, affiliations, source and year of
publication;

— The amount of publications of each author (concerning RQ1);

— The classification of the study following the taxonomy proposed (concerning
RQ2);

— The citations numbers and the quality score of each published work (concerning

RQ3).

3 Results

This section presents the results of this systematic mapping in which each criterion is
commented.

3.1  Search results

The first part of this research was the mapping of all Brazilian studies published since
the first edition of SBES (1987) and WER (1998). After a careful analysis of all
papers from these events, the number of works selected in this process was 63 papers
at SBES and 154 at WER.

As a result we obtained the top five Brazilian institutions with more RE papers
published at each event (see Table 1). Merging the results from both events, we found
the major RE Brazilian groups in terms of number of publications are the following:
Universidade Federal da Paraiba (UFPE), Pontificia Universidade Catdlica do Rio de
Janeiro (PUC-Rio), Universidade Metodista de Piracicaba (UNIMEP), Univesidade
Estadual do Rio de Janeiro (UERIJ), Universidade Federal de Sao Carlos (UFSCar),
Universidade Federal do Rio Grande do Sul (UFRGS), Universidade Federal do Rio
de Janeiro (UFRJ).

Table 1. The top Brazilian affiliations at SBES and WER by number of publications.

SBES WER
Affiliation Publications Affiliation Publications
UFPE 22 UFPE 45
PUC-Rio 11 PUC-Rio 33
UFRGS 6 UNIMEP 11
UFSCar 5 UERJ 9
UFRJ 4 UFSCar 8
Total 48 Total 106
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In the second part of our research, we used the digital libraries engines to broaden
the search for RE publications of those 7 Brazilian institutions. We also conducted a
manual search of Requirements Engineering journal (published by Springer) to
identify papers of authored by researchers of those Brazilian institutions.

The number of papers found on each scientific search engine, plus the
Requirements Engineering journal is summarized in Table 2.It also presents the
number of papers marked as candidates and those ultimately selected according to the
inclusion and exclusion criteria.

Table 2. Number of studies found, candidate and selected studies, by source.

Source Studies found Candidate studies Selected studies
ACM 49 22 19

IEEE 125 13 13

SCOPUS 7 3 3

Science Direct 13 6 6

REJ 9 9 9

Total 203 53 50

3.2 Synthesis of the findings

The findings of this mapping were separated in two main groups: first we discuss the
SBES and WER studies, related to RQI; then, the proposals published in other
venues, found in automatic and manual search, that answer RQ2 and RQ3.

3.2.1 What are the main Brazilian RE research groups, authors and
publications published at SBES and WER? (Answer to RQ1)

The distribution of papers per year can be seen in Fig. 1. Considering the Brazilian
RE studies representation, we identified that at SBES and WER these studies had an
average participation rate of 12% and 60%. Note that in 1998 the WER (Workshop on
Requirements Engineering) was established with the specific goal to become a forum
for the Ibero-American Requirements Engineering community.

In Table 1, we presented the top five Brazilian RE research groups at each event.
They represent approximately 77% of the total of Brazilian RE papers published at
SBES and 70% at WER. This result suggests that a substantial amount of RE
Brazilian papers comes from these institutions. Of these total, UFPE and PUC-Rio are
the most important groups and together are responsible for around 70% of the
Brazilian RE papers at SBES and 73% at WER.
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Fig. 1. Number of SBES and WER publications per years

In Table 3 we present the top five authors by number of RE publications at SBES
and WER. These researchers are recognized as leaders in the RE community with a
history of project management and supervision that explains their participation in
several papers.

Table 3 Top RE Brazilian Authors by number of publications at SBES and WER

SBES WER
Author Organization ~ Number of Author Organization ~ Number of
publications publications

Jaelson Castro UFPE 11 Jaelson Castro UFPE 38

Julio Leite PUC-Rio 9 Julio Leite PUC-Rio 31

Silvio Meira UFPE 7 Fernanda Alencar UFPE 13
Fernanda Alencar UFPE 4 Luiz Martins UNIMEP 9

Paulo Cunha UFPE 3 Carla Silva UFPE/UFPB 8
Rosangela Penteado ~ UFSCar 3 Vera Werneck UERJ 8

There are two RE publications at SBES that have more than 20 citations [9] [10].
The paper titled “CRE: A Systematic Method for COTS Components Selection” [9]
has more than 90 citations and is the second most cited SBES paper considering all
SBES editions. Regarding WER, there are four publications with more than 20
citations [11] [12] [13] [14]. The study “From Early Requirements Modeled by the i*
Technique to Later Requirements Modeled in Precise UML” [11], with 35 citation, is
the second most cited WER paper considering all WER editions.
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3.2.2 What are the main research topics published by Brazilian RE
community? (Answer to RQ2)

After the mapping of the RE area published at SBES and WER, we searched the digital
libraries and the Requirements Engineering journal to obtain the internationals venues that
have had Brazilian RE publications. These selected papers are listed in [18], which
presents the identification and ACM Classification of each selected study. The studies
were assessed in order to catalog the main research topics in an international scenario. The
result is summarized in Table 4.

The results for the ACM Classification suggest that the majority of works (38%) is
focused on Methodologies, followed by Specification with 14%. Together, they
account for 52% of the total. The other topics correspond at most to 10% of the
selected papers. We analyzed these topics by combining them as follows: (i)
Methodologies and Specification (52 %); Elicitations methods, management and
process (30%); and Analysis, tools, assessment, frameworks software architectures
and validation (18%). In the following subsections we will discuss the results on these
topics.

Table 4. Number of studies by ACM Classification

ACM Classification Number of publications Percentage
Methodologies 19 38%
Specification 7 14%
Elicitation methods 5 10%
Management 5 10%
Process 5 10%
Analysis 3 6%
Tools 2 4%
Assessment 1 2%
Frameworks 1 2%
Software Architectures 1 2%
Validation 1 2%

Methodologies and specification

The majority of the Brazilian RE groups have been working mainly in areas related to
Methodologies (19 publications) and Specification (7 publications), corresponding to
26 of all selected studies. Analyzing Methodologies area, we observed some
interesting points. According to the Requirements Structure criterion, 63% of the
studies are associated to Models and 37% to Natural Languages. Considering the type
of models, the most used Initial Models in these methodologies are Goal-Oriented
Models with 42% of the total. As Empirical Study Types, Illustrations and Case
Studies are the most used. The Validation Context of these studies is mainly
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Academics (89%). With respect to the use of tools, we realized that 63% of the papers
in Methodologies area were not supported by tools, i.e. only 37% indicated the
availability of some tool.

Some important works rely on Goal-Oriented Models and more specifically i*
(iStar) approaches. In one of them, the authors present a methodology for information
systems development based on i* modeling language. The authors of another work
argued that the Use Cases development can be improved by using i* organizational
models. Another study describes a set of guidelines for the integration of early and
late requirements specifications. They proposed the GOOD tool (Goals into Object
Oriented Development) that consists of an extension of the Rational Rose tool which
integrates with Organization Modeling Environment (OME), an i* supporting tool.
There are also three more works related to i*. One important publication related to
models proposes a systematic approach to assure that conceptual models will reflect
the elicited NFRs. The authors use OORNF tool and work on a UML based approach.

There are 7 studies in Specification area. One study is a survey and as such fell
outside the Requirements Structure criteria, the others are considered either as Models
(43%) or Natural Languages (43%). Considering these 6 studies, the most used Initial
Models are Stories, Scenarios and Use Case Template while 1 study is based on
Business Models. Regarding Study Types, the majority of the works rely on
lustrations and Case studies (72%) with few (28%) using other types. On the other
hand, the Validation Context of these studies is Academic. With respect to the use of
tools, none of the Specification studies benefited from tool support.

In the Specification area, one important paper describes a method to improve
requirements specification using scenario and the LEL. Another study presents a way
for eliciting and describing business rules and states and how they are related to
requirements. A third study describes an approach to support use case scenario
variability management, enabling separation of concerns between languages used to
manage variability and languages used to specify use case scenarios. All of them are
related to Stories, Scenarios and Use Case Template unlike the Methodologies area
that strongly uses Goal-Oriented Models

Elicitations methods, management and process

Observing the studies in Elicitation methods area, we identified that 60% of them rely
on modeling techniques for requirements specification; the other studies (40%) use
natural language or textual/graphical representation in their elicitation methods. With
regard to modeling techniques we can highlight two studies that use traditional mod-
els in elicitation: one paper uses business models and the other applies scenarios in its
requirements elicitation. Another study uses a non-traditional modeling technique
applied to some kind of formalization in its elicitation method. Within the studies that
use natural language or textual or graphical representation, we highlight the use of the
viewpoint concept in one study and the use of studies of the future methods in order
to anticipate requirements elicitation in other paper.

It is also important to note that 60% of the studies in Elicitation Methods area are
validated through illustrative examples. Besides that, we found one paper with empirical
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evaluation based on a case study and other paper that performed a controlled
experiment. Another relevant aspect of the studies identified is that 100% of the studies
were conducted in an academic context. With respect to the use of tools, we identified
that 60% of the studies in requirements elicitation area propose some tool support.

Considering the management area, we identified 5 publications, which represent
10% of the total number of selected studies. Analyzing these studies we can highlight
some interesting points. The use of modeling techniques constitute 40% of the studies
in this area, 20% of the studies rely on natural language or textual/graphical represen-
tation and 40% of the studies do not use any kind of requirements structure. Both
studies that use models apply Goal Oriented techniques. Moreover, the studies that do
not use requirements structure have different characteristics, one study is a survey and
the other is a position paper that indicates some challenges in mobile game
requirements management.

The distribution of empirical studies types in the requirements management area is:
2 papers with case studies, 1 survey, 1 lab demo and 1 illustrative example. Another
interesting result observed in this area is their distribution in academic or industrial
context. The academic studies constitute 80% of the publications while only 20% of
the studies are performed in industrial context. With respect to automation, we
identified two studies that provide some kind of tool support to their studies; the first
tool extends a traditional goal-oriented tool (OpenOME) and the second presents the
Scenario Evolution Tool (SET) to support the framework proposed in the study.

Regarding the studies of the requirements process area, the use of modeling tech-
niques appears in 60% of the studies while the use of natural language and textu-
al/graphic representation appears in 40% of the studies. Note that all papers that
present some kind of modeling technique in their requirements process proposal use
goal-oriented models, in particular the i* framework. With respect to the studies that
include natural language or textual/graphic representation, one study proposes a
scenario construction process and the other one uses natural language.

Concerning the classification of the empirical studies, we noticed that case studies
are used in 60% of the papers in the requirements process area. In the remaining 40%,
one paper is an Action Research and the other paper uses an illustrative example.
Among the studies of this area, we can highlight that 80% of them were conducted in
an academic context. The only one that was performed in an industry setting presents
an experience during a technology transfer project to improve the requirements
engineering process in market-driven companies. Finally, there is no tool support for
the studies of this area.

Analysis, tools, assessment, frameworks software architectures and validation

There are 9 studies in this group, corresponding to 18% of the total. Analyzing the
requirements structure, 5 of them use textual requirements (with natural or controlled
language), while 3 use models; the last one consists of a test-bed, so this aspect can-not
be evaluated. Considering the initial type of model used 33% relied on goal-oriented
models, 11% depended on scenarios and the rest of them did not use a specific model.
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From the 9 studies in this group only one was conducted in the industry scope, the
other 8 were under an academic scope. As for the empirical study type, case studies
are used by 3 studies, while 1 work used survey and another used action research.
However, 2 studies preferred to use only an illustrative example and 2 other presented
their proposals without corroborating their findings with any empirical evidence or
illustrating them with an example.

As for the tool support, three studies of this group provide it: one study was classified
as framework, other one was classified as validation and the last one was classified as
tools. The other study under tools classification is actually a systematic review about tools,
so it does not provide tool support for any approach; it analyzes the existing tools instead.

3.23 What are the publications of the Brazilian RE community with the
greatest impact? (Answer to RQ3)

In the second part of our systematic mapping, we performed automated search on the
main scientific search engines, considering the following Brazilian universities:
UFPE, PUC-Rio, UNIMEP, UERJ, UFSCar, UFRGS, UFRJ. We also performed a
manual search for papers that appeared at the Requirements Engineering journal
published by Springer. This search resulted in a total of 203 papers. After applying
the inclusion and exclusion criteria (see Table 2), we selected 50 papers for analysis.
The results comprise 16 years of research publications, from 1996 to 2011. The
distribution of these papers throughout the years is presented in Fig. 2. This
distribution shows a slight increase of the number of publications in the last years.
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Fig. 2. Papers published by year

Table 5 shows the most cited papers found on our survey, based on the Google
Scholar citation count. These papers represent the Requirements Engineering papers
from the Brazilian community that had the greatest research impact, considering
citation count. The citations of these ten papers amount to 74,77% of the total number
of citations from the 50 selected papers.
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Table 5. Most cited papers

Year Title # Citations
2002  Towards requirements-driven information systems engineering: the Tropos project 540

1997  Enhancing a requirements baseline with scenarios 186

2000 A Scenario Construction Process 134

2002  Requirements Engineering and Technology Transfer: Obstacles, Incentives and 90

Improvement Agenda
2002  Deriving use cases from organizational modeling 84

2001 A Framework for Integrating Non-Functional Requirements into Conceptual Models 83

1998  Business Rules as Organizational Policies 47
2001  Using UML to reflect non-functional requirements 46
2008  Configuring features with stakeholder goals 36
2001 A framework for building non-functional software architectures 34

Regarding the publication venues of the 50 selected papers, we find the following
distribution: 43,4% on international conferences; 35,85% on international journals;
and 20,75% on international workshops or Brazilian symposiums. Regarding
conference papers, 34,78% of them were published on the Requirements Engineering
Conference. From the journal papers, 47,37% of them were published in the
Requirements Engineering journal. These numbers suggest that the Brazilian papers
have a small but already reasonable impact on the Requirements Engineering
research.

Our quality assessment (Section 2.5), resulted in an average score of 2,55 out of
6,0. Given that in this paper we equated the quality to the use of sound Software
Engineering Principles, we reach a conclusion that the Brazilian RE community, may
be neglecting some Empirical Software Engineering principles. Nonetheless, we
found no correlation between the quality score and the impact factor of these papers.

4 Discussion

As expected, there is a clear relationship between the organizations found in Table 1
and the authors found in Table 3. The leadership of these authors certainly reflects the
consolidation of local groups of research and thus put their organizations in a
prominent position. Some authors have presented pertinent contribution for both
SBES and WER events showing their importance for the Brazilian RE community.
For both conferences, the most cited publications were authored by the author with
more publications selected in the respective conferences. This revels that the authors
with highest number of publications also contributes with the more relevant ones.

The two major research topics identified in the selected studies were
Methodologies and Specification. It reveals the preference of Brazilian researchers for
these topics. In addition, the two more cited publications were grouped in these two
topics. The first more cited publication and second one refer to Methodologies and




CIbSE 2013 | XVI Workshop de Ingenieria en Requisitos | WER 2013

Specification, respectively. This does not mean that remaining topics are not
researched; in fact all the topics cited in Table 4 have been represented at least by one
publication. Hence, there is a wide thematic covered by the Brazilian RE research
groups.

In general, there is no significant difference in the use of models or natural
language to structure requirements. The publications point for both types of structure
has the same level of relevance. On the other hand, when considering the use of
CASE tools to support RE activities, no such balance is observed. About 68% of the
studies are not supported by tools. When considering tools as the main topic of a
paper, the difference is even higher with only a small percentage of the total papers
(see Table 5). Since the use of tools has become essential to deal with complex cases,
the development of CASE tools could be better addressed by this community.

Majority of the works are illustrative examples and are focused in the academic
context. This tendency can be explained by several reasons. For instance, the
innovative contribution for the state of art could be not mature enough to be applied in
industrial environments. The descriptive nature of the studies also could be a reason
to the small presence of controlled experiments. Nonetheless, it could be justified by
the fact that the Brazilian RE community has recently started to adopt principles of
Empirical Software Engineering.

Regarding the impact of Brazilian research on the Requirements Engineering field,
it is important to note that this is not an extensive systematic mapping and, therefore,
it does not represent the whole set of contributions generated by this community. We
only considered the five top publishing Brazilian universities at SBES and WER,
which resulted in a total of seven distinct universities: UFPE, PUC-Rio, UNIMEP,
UERJ, UFSCar, UFRGS, UFRJ. Moreover, it is possible that some RE papers
published by these universities have not been considered. This is the case because the
‘search by affiliation’ feature on the search engines is not completely accurate. In
particular, we can observe that the list of results only starts at 1996, even though we
are aware of works published on international venues at least as far as 1989. This kind
of limitation is expected on systematic mappings that make use of automatic search
mechanisms, as it is our case.

Nonetheless, we can draw some comments considering the sample we obtained, as
follows. The chart on Fig. 2 shows a slight increasing trend on the number of RE papers
that are published. This is a positive indicator, showing that the RE community in Brazil is
growing stronger. Moreover, there is a reasonable amount of publications at the most
important Requirements Engineering venues (the Requirements Engineering journal and
the Requirements Engineering Conference). Thus, we may say that the research produced
by the Brazilian community is not confined to Brazil, i.e., it has a worldwide reach.

From the total of 50 papers analyzed in cycle two, the top 10 cited papers amount
for 74,77% of the total number of citations. This shows an uneven distribution of the
impact of these papers. i.e., some papers have a very strong impact, while several
papers have a weak impact. Moreover, all the top four most cited papers, which
amount to 55,49% of the total number of citations, were published on journals. This
indicates that papers published on this kind of venue are more likely to have a strong
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impact. Thus, publishing more papers on high quality journals may be a good way of
increasing the impact of the Brazilian RE community.

The findings also indicate (see section 3.2.3) that Empirical Software Engineering
principles are not fully used by the RE Brazilian community.

5 Threats to Validity

We have validated our review protocol to ensure that the research was as correct,
complete, and objective as possible. We identified possible limitations of this study in
two moments of the review process: in the publication selection and in data extraction.

The search for publications was performed in two cycle but in three major steps: (i)
manual search of the studies in the proceedings of SBES and WER; (ii) automatic
search considering the major Brazilian research groups in four digital libraries (ACM,
IEEEXplore, Scopus and Science Direct); and (iii) manual search in the Requirement
Engineering journal to find works with Brazilian affiliations. In the first step, we did
not have problems to find the papers of all editions of SBES and WER. The main
limitations regarding the publication selection occurs in steps (ii) and (iii).

In step (ii), the search string associates the different RE areas (and synonyms) to
the term “Requirements Engineering”’, which may constitute a limitation because
studies that only refer to specific techniques in RE are not considered in the mapping.
In addition to that, the synonyms of RE areas may be insufficient to capture all studies
in each area. With regard to the automatic search in the digital libraries, there is a
limitation in the review because we could not use our search string in Springerlink
library, which possibly leads to a reduction in the considered studies. However, we
used SCOPUS that is a large database that includes springer papers.

In the step (iii), we identified a limitation concerning the journal papers included in the
mapping. We only performed the manual search in the Requirements Engineering Journal
(published by Springer). We took for granted that the other RE studies published in other
journals would have been captured through the automatic search performed in the
previous step. However, given the acknowledged limitations of the search engines we
cannot guarantee that all RE Brazilian papers published in other Software Engineering
journals are included in the systematic mapping. Besides that, we did not consider grey
literature (e.g. industrial papers, PhD thesis and books) or unpublished results.

With regard to the data extraction, the data collection spreadsheet was based on
two papers [15] [16]. However, we could have explored a broader set of data in order
to investigate other aspects of the papers included in the review. Moreover, it is
possible that some kind of inaccuracy or misclassification may have occurred in the
data extraction performed in this systematic mapping.

6 Conclusion

We have conducted a systematic mapping to find out (i) the most productive RE
Brazilian research groups at SBES and WER, (ii) the main research topics published
by these groups, and (iii) the publications of the Brazilian community of
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Requirements Engineering with the greatest impact in the international community,
according to their number of citation.

The information provided in this paper may be useful in different contexts. For
example, a newcomer (eg. new research student) will be able to identify main groups,
key researchers and the work already developed. Moreover, topics that have not
deserved much attention by the local community may be identified and become the
subject of new research projects. This kind of information will also be useful for setting
up possible collaborative networks as well to identify priorities for the allocation of
further research funds. The local industrial community may also benefit as they may be
able to identify experts and groups that could help them if a specific RE need arises.

The systematic mapping was divided in two cycles: the first consisted of a manual
search of the SBES and WER proceedings; the second cycle included an automatic
search of four major digital libraries and a manual search on editions of the
Requirements Engineering journal. The main goal of the first cycle was to answer the
research question RQ1 and to answer RQ2 partially. The second cycle was used to
answer RQ2 and RQ3. As a result, 177 papers were selected and assessed from an
initial set of 367. Our findings allowed us to answer the three proposed research
questions.

With the data extracted from the select studies, we were able to discover the
Brazilian researchers that have extensively published at SBES and WER and relate
them to the leadership of RE research groups in Brazil. With regard to the research
topics, about 38% of the examined studies were about methodologies, either
presenting new ones or improvements of existing ones. Moreover our findings reveal
the better empirical validation maybe required.

This work is primarily a statistical analysis of search results identified in our SMS.
It would be interesting in the future also to discuss the type of research conducted by
the Brazilian research groups. We also plan to address some the weakness found as
well as the topics that deserve further studies. Likewise we would like to examine the
extend that the Brazilian institutions have contributed to the RE progress.
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Abstract. This work refers to the review of 258 papers published in the WER
throughout 15 editions. This review’s goal was to identify the most active re-
search groups within this workshop, the most debated topics and the trends in
the Requirements Engineering area. The results showed that Brazil, Argentina
and Spain hold the most active groups. Moreover, the results pointed out the re-
quirements modeling as one of the most discussed topics in this event.
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1 Introduction

The Requirements identification is an extremely important activity, since it is the
basis for the planning, development follow up and acceptance of the software project
results [1]. In order to support these results, Requirements Engineering provides ap-
propriate mechanisms to understand the client’s needs, analyzing necessities, check-
ing feasibilities, negotiating a reasonable solution, specifying a solution without am-
biguities, validating a specification and managing the needs as they are transformed
into a system [2].

Some of the main activities related to Requirements Engineering are as follows:
elicitation, analysis, specification, validation and requirements management [3]. The-
se activities main goal is to support understanding and to formalize the client’s main
needs in a way that it decreases the problems throughout the software development.

However, despite the advances in the Requirements Engineering area, as software
become much more complex and bigger, new problems emerge and new solutions are
proposed [4]. Thus, it is important to follow the evolution of the topics related to this
area. Some mappings and systematic reviews have been performed in order to provide
a better idea of what has been produced in this area. These works have offered a better
vision for specific topics from the Requirements Engineering area, such as elicitation
techniques [5] [6], specification techniques [7] and requirements writing standards
[8].

However, it is also important to consider providing a broad vision of the main dis-
cussed topics among research groups, as well as identifying these groups. This infor-
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mation may bring several benefits to the scientific area, such as the identification of
new information sources, establishment of new partnerships and the orientation of
researches toward more relevant topics at a given time. The scientific works are a
quite important source to find this information. The Requirements Engineering area
has several means of publishing these works, such as specialized journals and interna-
tional events.

In this context, this work had the goal of identifying some of this information and
as an initial source of research, the Workshop on Requirements Engineering (WER)
was chosen. The WER is a workshop that has been taking place since 1998 with the
goal of consolidating the Iberoamerican Requirements Engineering research commu-
nity. The event has predominantly happened in Argentina and Brazil. However, in the
last few years, other countries from South, North America and Europe have hosted
this event as seen in Table 1. Throughout 15 editions of the WER, 258 papers have
been published. The published topics discuss issues involving the main activities of
Requirements Engineering. The WER is considered a mature and consolidated event
in the Requirements Engineering area and for this reason was considered a feasible
source to obtain relevant answers in this area.

Table 1. Host cities of WER

Year Country/City
1998 Brazil/Maringa

1999 Argentina/Buenos Aires
2000 Brazil/Rio de Janeiro
2001 Argentina/Buenos Aires
2002 Spain/Valéncia

2003 Brazil/Piracicaba

2004 Argentina/Tandil

2005 Portugal/Porto

2006 Brazil/Rio de Janeiro
2007 Canada/Toronto

2008 Spain/Barcelona

2009 Chile/Valparaiso

2010 Ecuador/Cuenca

2011 Brazil/Rio de Janeiro
2012 Argentina/Buenos Aires
2013 Uruguay/Montevideo

Section 2 describes the method used in this research, followed by Section 3, which
details and discusses the results. Finally Section 4 presents the final considerations of
this work.
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2 Method

This section describes the method used in this research, including the questions and
the steps performed in order to make the extractions and classification of the analyzed
papers.

2.1  Development of the research questions

With the goal of identifying the most active countries and institutions at the WER, as
well as the most discussed topics and trends in Requirements Engineering, the follow-
ing questions have been made:

What are the main countries that published in WER?

What are the main institutions that published in WER?
What are the main topics discussed in WER?

Which institutions have been discussed the main topics?
Which topics have been discussed for the main institutions?
What are the trends in Requirements Engineering?

Sk W=

2.2 Extraction of information

In order to answer the previous questions, each one of the 258 papers has been ana-
lyzed with the goal of extracting the following information: institutions involved in
research, home country of the institution and main discussed topics. The access to the
papers was made through the website http://wer.inf.puc-rio.br.

The institution identification and home country was manually made in each one of
the papers. More than one institution could have been related to the article through
their researchers, including the ones from different countries.

In order to define the topics to be classified, first was analyzed the classification
used in the previous WER’s editions. However, it was noted that in back 1998, 2000,
2002, 2006, 2007 and 2012, no classification was proposed by the event. Moreover, it
was also noted that the topics had a variation in their nomenclature throughout the
years, as well as the unification of topics, as it can be seen in Table 2. Considering
these limitations, it has been decided to propose a classification based on the classifi-
cations already made unifying or subdividing determined topics. The result of this
new classification is presented in Table 3.

After the topics classification definition, two students (one master and one doctor)
read the papers with the goal of identifying the main discussed topics. It was defined
that the paper must be related to at least one topic presented in Table 3 but new topics
not listed in Table 3 could be included and related. The reading and identification of
the topics was performed in an independent way between the students. For some of
the papers, the reading of the abstracts was enough in order to identify their topics. In
other cases, the papers had to be read thoroughly. After the individualized classifica-
tion was performed, the students together made the consolidation of issues where
there was divergence of classification.
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Table 2. Topics of the WER

Year Topics
Multidisc. Modeling |Negotiation|Process ¢
approach and Repre- |and Manage-
and Educa- sent. Requirem. |ment
1999 [tion Analysis  |[Requirem. |elicitation [Requirem.
Process Non-
Require-  |[Require- |and req. Quality functional |Require-
ments ments manage- Require-  |require- ments
2001 |elicitation |modeling |ment ments ments reuse
Require-
Specifica- ments Quality
tionand | onages Process,  |require-
) . ment and
Require-  [Require- Experi- model, ments and
ments ments mental methods  |Quality
2003 |elicitation |modeling |studies and tools |Assessment
Require-
Require- ments for
Require- Experi- ments Modeling |Process,  |Quality agent-
ments mental manage- |and Speci- |[Methods  |require- oriented
2004 |elicitation |studies ment fication and Tools |ments paradigm
Cognitive Analysis  |Aspects Require-
approaches |Agents and |and Model- |and Com- |ments Quality and
2005 |and Reuse |objectives |ing position elicitation |Process Metrics
Elicitation
Elicitation |/Methodolo Reuse and
/Empirical |gies and Process Traceabil-
2008 |Analysis  |Studies Tools Modeling |and Quality|ity
Require-
Require-  |ments
ments specifica- |Later Re- |Traceabil-
elicitation |tionand  |quirements ity and
Early re- |and Man- |Manage- |and archi- |Product
2009 |quirements |agement  |ment tecture Lines
Req. man- |Business
Require-  |Req.specifi jagement  |process
ments cation and |and Trace- |mod. and
2010 |elicitation |Modeling |ability P. Families
Aligning
req. with Non-
business functional |Reuse of |Models
objectives |Earlyre- |Late re- require- require- transfor-
2011 |and process|quirements |quirements |ments ments mation
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Table 3. Topics proposed for classification

Requirements Engineering topics

Cognitive approaches, educational and knowledge management

Requirements analysis and Requirements negotiating

Requirements elicitation

Requirements specification

Tools

Requirements management

Measurement/Metrics

Requirements modeling

Process/Method

Quality requirements

Requirements traceability

Non-functional requirements

Agent-oriented paradigm

Reuse

Requirements Validation

The obtained results after the papers’ classification are presented and discussed be-
low.

3 Results and Discussion

The results will be presented and organized according to the research questions pre-
sented in Section 3.

3.1  What are the main countries that published in WER?

In all, 20 countries had at least one publication at WER through 121 institutions. In
Table 4 it is shown the amount of institutions involved, the number of published pa-
pers and the percentage of publications considering the total amount of papers pub-
lished up to 2012.

As it has been pointed out in Table 4, the countries with the most publications at
WER are Brazil, Argentina, Spain and Canada. Brazil has had an 80% participation
ratio, as far as publication is concerned. Once the identification of the most active
countries was done, this was also applied to the institutions (of education or not) with
the most publications at WER.
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Table 4. Numbers of papers per country

Country Number of Number of Percentage
institutions papers (of 258 papers)
Brazil 52 208 80.62%
Argentina 14 61 23.64%
Spain 13 60 23.26%
Canada 10 29 11.24%
Mexico 2 7 2.711%
Chile 6 6 2.33%
Portugal 3 5 1.94%
Italy 4 5 1.94%
United Kingdom 4 4 1.55%
Netherlands 1 4 1.55%
Switzerland 1 3 1,16%
Malaysia 1 2 0,78%
Venezuela 1 2 0,78%
Cuba 2 2 0,78%
China 2 2 0,78%
Costa Rica 1 1 0,39%
Ecuador 1 1 0,39%
Finland 1 1 0,39%
Sweden 1 1 0,39%
United States 1 1 0,39%

3.2  What are the main institutions that published in WER?

As it has already been mentioned, 121 institutions have had at least one publication at
WER. However, due to space limitation, in Table 5 only the institutions that have had
at least 10 publications since the beginning of the WER (15 years ago) are presented.

In this same table, the home country, amount of published papers and publishing
ration for each institution are shown, considering the total of published papers up to
2012.

The institutions with the most number of publications, due to logical reasons, are
located in the countries pointed out in Table 4. Among the 9 institutions with the most
number of publications, 4 of them are located in Brazil, 2 in Argentina, 2 in Spain and
1 in Canada.

After the identification of the most active countries and institution, a verification of
the most discussed topics and their relation with the research groups was performed.
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Table 5. Number of papers per institution

Number Percentage
of (of 258 pa-
Institution Country papers pers)
Universidade Federal de Pernambuco Brazil 44 17%
Pontificia Universidade Catolica do Rio de
Janeiro Brazil 35 14%
Universidad Politécnica de Valencia Spain 24 9%
Universidad Nacional del Centro de la Pro-
vincia de Buenos Aires Argentina 16 6%
Universidad Nacional de La Plata Argentina 14 5%
Universidade Metodista de Piracicaba Brazil 12 5%
Universidade Estadual do Rio de Janeiro Brazil 11 4%
York University Canada 11 4%
Universitat Politécnica de Catalunya Spain 10 4%

3.3  What are the main topics discussed in WER?

In Table 6 it is shown for each one of the topics defined in Table 3, the amount of
papers that were related to the topic and the corresponding percentage in an array of

258 papers.

Table 6. The most discussed topics in WER

Requirements validation

Number Percentage
of (of 258 papers)
Topic papers

Requirements modeling 80 31%
Requirements elicitation 73 28%
Process/Method 41 16%
Requirements management 35 14%
Requirements specification 32 12%
Tools 32 12%
Quality requirements 26 10%
Reuse 25 10%
Non-functional requirements 25 10%
Measurement/Metrics 16 6%
Agent-oriented paradigm 12 5%
Requirements traceability 11 4%
Cognitive approaches, educational and knowledge management 10 4%
Requirements analysis and Requirements negotiating 6 2%

6 2%
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As shown in Table 6, the 3 most related topics were: Requirements modeling, Re-
quirements elicitation and Process/Method. In order to have a better idea of the inten-
sity that these topics were discussed throughout the editions, the illustrative graphic in
Fig. 1 was used.
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Fig. 1. Number of papers related to the topic per year

Through this graphic it is possible to observe that the topic Requirements elicita-
tion was highlighted up to 2008, with some peaks. As far as the topic Requirements
modeling, since 2009, it started to be the more discussed than the topic Requirements
elicitation. It’s important to observe that in general is difficult to separate the both
terms, they are much related. Usually the elicitation activity is supported by the mod-
eling activity and vice-versa. However the modeling activity in the last years may has
been seen as the main activity in this relationship.

Process/Method is a topic that has had many peaks and starting on 2009, it present-
ed a significant reduction in the number of published papers. This oscillation may be
related to the period of the creation and dissemination of quality maturity models.

As it has been previously mentioned, the topic relation was based in Table 3, but
the students who made the classification could also identify other topics that they
judged relevant in the article. These other topics are presented in Table 7.
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Table 7. Other relevant topics discussed in WER

Topic Number of Percentage
papers (of 258 papers)
i 26 10%
Models transformation 22 9%
Oriented goals (GORE) 18 7%
Scenarios 15 6%
Business modeling 15 6%
LEL/LAL 12 59
Meta model, ontology and taxonomy 11 4%
Natural language 10 4%
Tropos 9 3%
Distributed development 8 3%
Model driven development 8 3%
Patterns 8 3%
Organizational modeling 8 3%
Inspection 7 3%
Product lines 6 2%
Variability 6 2%
Verification 6 29
NFR Framework 5 2%
Aspects 5 2%
Software transparency 4 29

These topics can also be understood as subtopics, since each one of them is related
to at least one topic from Table 3. Out of these subtopics, the most related ones were:
i*, Models transformation and Oriented goals, also known as GORE (Goal Oriented
Requirement Engineering). The i* is an objective oriented approach used to describe
not only social and intentional needs in the organizational environment, but also func-
tional and non functional Requirements [9]. These three topics appear in conjunction
in many situations, since there are strongly related.

With the mapping of the main topics and institutions, the relation of these topics
with the institutions and vice versa has been also performed.

3.4  Which institutions have been discussed the main topics?

According to the 3 highlighted topics in Table 6 and the most related subtopic in Ta-
ble 7, it was possible to identify which institutions had the most publications related
to these topics. In Table 8 it is shown the 3 institutions with the most papers related to
the 4 topics selected for evaluation.
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Table 8. The main topics and related institutions

Topic Institution Number of
papers
Pontificia Universidade Catolica do Rio de Janeiro 13
Requirements Universidade Federal de Pernambuco 11
elicitation S .
Universidad Nacional de La Plata 8
Universidade Federal de Pernambuco 14
Requirements Universidad Politécnica de Valencia 11
modeling — . i _ i _
Pontificia Universidade Catodlica do Rio de Janeiro 11
Universidade Federal de Pernambuco 10

Pontificia Universidade Catodlica do Rio de Janeiro

Process/Method York University

Universidade Estadual do Rio de Janeiro

Universidade Federal de Pernambuco 12
i* Universidade Estadual do Rio de Janeiro

Universitat Politécnica de Catalunya

The Requirements elicitation topic was the most discussed one by the Pontificia
Universidade Catolica do Rio de Janeiro, whereas the Requirements modeling, Pro-
cess/Method and i* was the most discussed by Universidade Federal de Pernambuco
(UFPE). The UFPE appears as one of the 3 most active institutions as far as the 4
topics analyzed are concerned.

The topics that main institutions have been discussing have also been identified.
The results are presented as follows.

3.5  Which topics have been discussed for the main institutions?

Based on the 5 most active institutions highlighted in Table 5, the most discussed
topics by them have been analyzed. In Table 9, the institutions, the 3 most discussed
topics and the amount of papers related to this topic are presented.

Both the Universidade Federal de Pernambuco and the Universidad Politécnica de
Valencia have been discussing with more emphasis the Requirements modeling topic,
whereas the Pontificia Universidade Catolica do Rio de Janeiro and the Universidad
Nacional de La Plata have been discussing the Requirements elicitation topic. The
Universidad Nacional del Centro de la Provincia de Buenos Aires has been emphasiz-
ing the Scenario subtopic discussion.

With the mapping of the most discussed topics at WER, it is observed that some
topics were more discussed in the past, whereas other topics gained more importance
in the last few years.

Based on this observation, some topics were extracted where these variations are
more meaningful. These variations may indicate trends in Requirements Engineering
and the results are shown below.
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Table 9. The main institutions and the related topics

Institution Topic Number of
papers
Requirements modeling 14
Universidade Federal de Pernambuco i* 12
Requirements elicitation 11
. . . . . Requirements elicitation 13
Pontificia Universidade Catolica do Rio de ; B
. Requirements modeling 11
Janeiro
Process/Method 6
Requirements modeling 11
. . I . Models transformation 9
Universidad Politécnica de Valencia B 3
Business modeling 6
Requirements specification 6
Scenarios 6
Universidad Nacional del Centro de la Pro- A T
L . Requirements elicitation 5
vincia de Buenos Aires 3 3
Requirements modeling 5
Requirements elicitation 8
Universidad Nacional de La Plata LEL/LAL 7
Measurement/Metrics 5

3.6  Which are the trends in Requirements Engineering?

According to the variation on the amount of published papers related to the analyzed
topics, a trend analysis in the Engineering Requirements area was performed. In order
to facilitate the visualization of this analysis, the publications were gathered into tri-
ennium groups, coming to a total of 5 groups, according to what is shown in Table 8.
Between the second and fourth triennium there has been an increase in the amount of
publications, when compared to the first and fifth triennium. It is important to observe
this detail so that a correct analysis in the variation of publications can be performed.

Table 10. Numbers of paper published per triennium

Year Number of papers
1998-2000 37
2001-2003 63
2004-2006 63
2007-2009 55
2010-2012 40

Among the evaluated topics, it has been noted some significant variations. These
topics are represented in Table 11. The amount of publications for each triennium and
its corresponding percentage of the total amount of published papers are shown on it.
This percentage was used to balance the difference in the number of publications that
has happed among the trienniums.
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Table 11. Number of publications per topic/year

Topic/year 1998/2000 | 2001/2003 | 2004/2006 | 2007/2009 | 2011/2012
Requirements management | 5 (14%) 6 (10%) 12 (19%) 8 (15%) 4 (10%)
i* 2 (5%) 4 (6%) 5 (8%) 7 (13%) 8 (20%)
Measurement/Metrics 4 (6%) 9 (14%) 2 (4%) 1 (3%)
Business modeling 4 (6%) 2 (3%) 4 (7%) 5 (13%)
Oriented-agent paradigm 1 (2%) 8 (13%) 2 (4%) 1 (3%)
Process/Method 4 (11%) 14 (22%) | 11 (17%) | 10 (18%) 2 (5%)
Quality requirements 1 (3%) 6 (10%) 9 (14%) 5 (9%) 5 (13%)
Software transparency 1 (2%) 3 (8%)

Based on these percentages the graph was created (Fig.2) where it is possible to
observe these variations in a clearer manner.
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Fig. 2. Publications’ variation of some topics

Through Fig. 2 it is possible to observe an increase in the past few years of the fol-
lowing topics: i*, Business modeling and Software transparency. On the other hand, it
has been observed a decrease in the number of publication of the following topics:
Process/Method, Requirements Management, Measurement/Metrics and Agent-
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oriented paradigm. The Quality software topic had its pinnacle in the 2004-2006 tri-
enniums, but it still bears certain stability.

4 Conclusion

When studying a research area, it is important to identify the answers to some ques-
tions, such as: the most active groups, the most discussed topics, the identified trends
and so forth. This information may bring some benefits as the identification of new
information sources, establishment of new partnerships and the orientation of re-
searches toward more relevant topics at a given time

The revision of 258 papers published at WER had the goal of answering these
questions as far as this event is concerned. Some of the main obtained results were the
identification of Brazil, Spain and Argentina as the home countries of the main insti-
tutions that have published at WER so far. The Universidade Federal de Pernambuco
located in Brazil, is a reference as the most active in this event. The Requirements
elicitation and Requirements modeling topics are the most referenced in the published
papers and the Requirements modeling is the most cited in the past few years. It has
been observed an increase in the reference to the following topics: i*, Business mod-
eling and Software transparency.

This is a preliminary study, since the issues exposed here may be broaden and ex-
plored in a deeper fashion in future works. All the data collected by this paper have
been uploaded into an access database and is available for free use'.

Other analysis may be performed in the database mentioned above, allowing dis-
tinct points of view, other than the one presented in this work. A new paper classifica-
tion may be performed in order to refine the obtained results and it may also amplify
the events to be analyzed. A similar but more refined review may be performed, in-
cluding the main events or journals in the Requirements Engineering area.
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