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of the requirements;

Abstract— The Requirements Traceability is seen as a qualit
factor with regard to software development, being pesent in
standards and quality models. In this context, seval techniques,
models, frameworks and tools have been used to suppit. Thus,
the purpose of this paper is to present a systematimapping
carried out in order to find in the literature approaches to
support the requirements traceability in the contex of software
projects and make the categorization of the data fnd in order
to demonstrate, by means of a reliable, accurate dnauditable

Requirement analysis, when the gathered
requirements are used as a foundation for the
system modelling;

Requirement documentation, when the requirements
and models elicited in the previous steps must be
descirbed and presented in documents. This is,
therefore, a Record and officialization activityr fo

method, how this area has developed and what are ehmain the results of the requirement engineering;

approaches are used to implement it. + Requirement verification and validation, in whi¢h i
is fundamental for the requirements to be carefully
evaluated. Hence, the documents created during the
previous step must be submitted to verification
(assutring that the software is built correctly)ddan
validation (assuting the the correct software isdpe
built);, and

* Requirement management, whose goal is to control
the creation and the evoluation of requirements [4]

Index— Systematic Mapping, Requirements Traceability,
Requirements Management.

. INTRODUCTION

he search for quality has become a strategic goal f . . . .

many organizations in order to fulfill all the matk This paper stud|es_ _the area of requirements
demands [1]. Nesse This way, there are many prdpo anagemgnt,_because Itis the initial _area.forl"negc
solutions to help improve software quality such a e maturity in the réquirement engineering process
models, patterns and methods for software developmeTPlémentation in quality models such as CMMI-DEV —
In this context, in order to help the software eegr to CaPadility Maturity Model Integration for Development

better understand his target problem came t3d MR-MPS-SW a Reference Modeld for SOﬁW‘?ﬁe
requirements engineering. MPS. Hence, according to Kotonya and Sommerville,

Requirement engineering includes a set of aaiiti requirement management includes the activities that

that foster the understanding of the business rillat Support control and tracking of requirements, a_lﬂ ae

will be impacted by the software, of the expecteminn  '€duirement change management at any point of the
from the software and the final interaction betweeﬁOﬁWare life cycle, where a requisite is a CO”?‘”“Pr a
software and user [2]. The process of the requimemecapac'ty that the system must fulfill [3]. Still ithe

engineering must typically contemplate the follogvin CONteXt of software development quality, there are
acgvities [3%: ypicaty P v approaches that help to achieve it, such as thenNor

* Requirement gathering, which corresponds to tH§Czj/“|EC lﬁ207 t[hsL and the CfMMI [.6] andtMPS.BR [7]
initial phase of the requirement engineering prsce odels, where the process of requirements managemen

and includes the activities that lead to the discpv IS deeemed essential to the success of a prombe
it must assure that the set of agreed requiremients
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managed andsupports the project's planning andAnother important point is the method chosen to
execution needs. perform it. In order to meet the goals of this egsh, we
This process, besides its goal of controlling thehose the one of the main methods of evidence based
cration and evolution of requirements [8], alsoludes software engineering, which is the Systematic bitare
the following activities: managing the creation oReview (SLR). This is a technique classified as a
requirements; managing the relationships amorsgcondary study, given that it depends on the pyima
requirements; coordinate the requirement validatidth  studies used to find evidence and build knowled@g. [
the client; and manage the changes in requirementdt is important to point out that as a researchaare
[31[7]. matures, the number of studies and results growe in
Due to the changes that might happen throughout teignificant way [13]. Hence, the literature sepasabLR
life of the systems, the requirements managemeist minto two types: convencional systematic literature
contemplate their traceability. Besides, for theeviews (SLR) and systematic mapping studies (SMS)
coordination and planning of the requisites andrthd14]. The latter, also known as exploratory study,
possible changes, there must be a control of theiahu includes a wide review of primary studies in a #gec
dependencies between the requirements and thactstif area, seeking to identify which evidences are al#glin
created during the software development procesighwhthat area [15]. Performing a mapping provides aeggn
brings us directly to Requirements Traceability [4] view of a research area and also allows us to kifiew
Requirement traceability is defined as the abilily publication frequency variation with time, the amtsu
describe and follow the life cycle of a requiremént and type of research within it, allowing us to itign
both directions: in the ability to trace an arttfa@mwvards trends [13].
its implementation (forward traceability) or in thbility SLR and SMS became two important tools to
to trace an artifact to its origin (backward trdmbty), aggregate and build knowledge in software engingeri
passing throuhgh all the reported specificatiofs [9 presenting the following adavantages [15]: the well
Traceability can also be categorized into horizZiontaefined method makes it less probable that theltsesu
(inter-traceability) and vertical (extra-tracedlyili [3]. found in literature are biased, even though it does
Horizontal traceability is the traceability betweerprotect against bias in the primary studies; than c
different versions or variations of requirementsotrer provide information on the effects of a specific
artifacts in a specific phase of the life cycleattls, it phenomenon through a wide array of configuratioms a
allows us to see how the requirements depend ar otkmpirical methods. If the studies offer consistesults,
requirements. On the other hand, vertical tracipbd the systematic review offers evidence that the
defined between requirements and artifacts creatpdenomeno is robust and repeatable. On the o#imet, h
during the development process through the prdifect if they are inconsistent, the variation sources ban
cycle, that is, it allows us to see how the requents studied and determined. In the case of quantitative
relate to the artifacts that are created duringpttogect studies, it is possible to combine data using meta-
[10]. analysis techniques. This increases the probalility
In this context, we can see a great concern imigaai detecting real effects that small individual stsdee not
view of the relationships involving requirementsfact, able to find.
the success of the requirements management andziven that, this work represents a systematicditee
consequently, of the software projects depend tijrecreview whose goal is to identify the research eslab
from how well defined and known are thosesupport approaches for requirements traceabilityg an
relationships [11]. answer questions on the research on this field. The
A research that focuses on finding out whichesults found with this method will be used to teea
approaches described in the literature help tracatalog of traceability support techniques in ottdenelp
requirements may be worth a lot for future resultgchieve success in software projects.
because it can bring as results: the discoveryhithw  Besides this introductory section, this work is
techniques support its development; which supmatst organized as follows. Section 2 describes the satie
are used to implement them; which support tools ameapping performed. Section 3 presents the resnlds a
used in its implantation; which models and framewor their analysis. Section 4 discusses the threatsther
were already developed; and lots of informationuabovalidation of this research. Section 5 presentskwor
this research topic. This way, this paper intends telated to this research and finally, Section 6sgnes
present a view on support approaches for requirememur final considerations.
traceability and by approaches we mean processes,
models methods, techniques, tools, frameworks and
other related items.
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Il. RESEARCHMETHOD 7. Summary and synthesis of the results in the studies
(meta-analysis);

8. Interpretation of the results in order to determine
their applicability

9. Report writing.

The systematic mapping protocol can be found in its

tirety at the web address given by

This research performed the mapping with the gbal o
finding and analyzing the largest possible number o
relevant and recongnized primary research on
requirement traceability in order to answer theeagsh
guestions.

The systematic reviews and systematic mappi o .
studies follow a specific method that begin witte thﬁ;p.//splder.mpa_.br/ projetos/ .
definition of the review protocol and divides aPd€r_rastreabilidade/SPIDER ProtocoloRevisao.pdf.
systematic review into three steps: planning, cofidn A, Goals of this mapping
and presentation [15].

The planning phase is the first step of a systema}' The goal of this systematic mapping study was to

i . Hentify approaches that support the activity of
T]ap%mg a_gd fO(r:]USGS on the ngecri] for a ge(tjalleg;q:;rbﬂ Requirement Traceability, including processes, nsde
that describes the process and the methods thabevil 1,045 techniques, tools and others. Hence, we

use_d_. T he pr otocc_)l Is the instrumer_xt Fhat constéislall efined the following structure for the goal, asgwsed
definitions in this phase. Identifying the researcﬁ.. [18]:

guestions translates as the most important poirithén . Analize: experience reports and  scientific

P(lggzirr::gh veinallaseelirﬁ];tetg% yr?ﬂzpsiggbebffﬁf; thel atentire publiqations throuh a study based on a systematic
mapping;

needs to be answered [12]. : o .
The protocol defined must address some points: the With the go_al of: |dent|fy|ng__apporg(_:hes that
support Requirements Traceability activities, whose

review goal, the research question, the scope and ! . e
L . } importance is to find the origin of each elemeiait th
restrictions applied to the research; the souttaisviere
belongs to the development process, as well as the

mined for the review in search of primary studigs .
identification of key-words; the generation of sdmar reguwements that are related to the”’.‘ and how _they
will be affected by any change, offering a possible

strings; the inclusion and exclusion criteria angvithey . .

will be applied for the selection of the studiebet . :Tp?é:ra%r;ilys'[f‘ OftLh:SZecf?rizgﬁs'and usage of

evaluation of the primary studies; the data eximact : )

process and how they will be summarized. Besides, t S;%%esigrs’ Irhaemeivn‘gorlgi’t;ggf a:: dOtgire(':TJSﬁtgr’]m%r;ts

review protocol must be evaluated to assure that th . P bil . . ft

planning is viable [15]. For that, many researchers Requirement Tracga ! |ty_act|V|t|es N software

suggest that specidalist be consulted in ordeeview development organizations;

the protocol and/or test the protocol execution. * Fr?tm thz pollnt of wev(;/ o research.ers. anq
The execution phase of the systematic mapping SO'Wware deve opment and support organizations;

comprises the primary studies selection, data etiora « In the context: both academic and industrial.

and evaluation phases. The last step of the syStema Research Question

mapping is the writing of the mapping report acauyd The research questions in a systematic mapping stud

to the findings of the data analysis and synthesis. are much more general (and usually have an explyrat
Hence, this section presents the main sectionsuof Q 9 y b

; ; characteristic), in contrast with those that arfnee in
protocol, followed by the systematic mapping coriddc o . :
in this study. In order to guide the constructidrtids systematic literature reviews, which need to be emor

research protocol, we used the instructions afjecIse: Hence, the research question that guided t

guidelines presented in [15], where the authorgifipe Mapping was the following:
that systematic reviews and systematic mappingestud
have the following issues in common:

1. Identification of the need to perform a systemati

(Q1l) Which approaches exist to support the
gctivities of Requirement Traceability?

review; Additionally, the following secondary research
2. Definition of the research question; questions were used to guide the research andedién
3.An encompassing and exhaustive search fprofile of the existing publications in the speizad
primary studies; literature:

4. An evaluation of the quality of the included stigdie 1. What is the distribution of studies per publication
5. An identification of the data that is necessary to year?

answer the research question; 2. What is the distribution of studies per author?
6. Data extraction; 3. What is the distribution of studies per instituton

5
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4.What is the distribution of studies per publicatioravailability and the relevance for the area of Bafe

type? Quality:
The structure of the main question was defined « IEEEXplore Digital Library;
according to the structuréopulation, Intervention, * El Compendex;

Context, Outcomes, Comparison (PICOCQC), « ISl Web of Knowledge:

recommended in [15]. Nevertheless, only the items. Acm:

Population, Intervention e Outcomes (PIO), were Scopus;

considered relevant to the research. Hence, weatefi |, Annais of WAMPS — Annual Workshop of MPS;

the followign structure to the main research quoesti . Annals of WER — Requirement Engineering
e Population (P): Software organizations and Workshop;
software_prolects; e Annals of SBQS - Brazilian Symposium on
* Intervention (I): Patterns to support the activities  gysvare Quality
of Requirements Traceability; - ' _
« Outcomes (O): Process models, techniquesE. ldentification of Keywordsand Synonims
methods, tools and frameworks for RequirementsKeywords were identified based on the research
Traceability. guestions and according to the structure Population
C. Research Scope and Restrictions Interye_ntlon and Results. AC(_:ordlng_ to the. research
) ) restrictions, they were defined in English and
We defined a research scope in order to assure fi§yy guese. Here, we present the keywords in Englis
viability. It can be defined through the definitiofthe {5, the main research question, according to thayais

source selection criteria and some restrictions. performed on the topic of Requirement Traceabiy
For the selection of research sources, we defihed tyefined in the software quality models (CMMI-DEVdan
following criteria: MR-MPS-SW).
* Availability for web search; « POPULATION: Software, Project, Development,
» Availability for article search from the UFPA Organization, Enterprise, Company, Industry,
domain; Institute, Research Group, Technology Center;

* Availability of full text articles from the UFPA . |NTERVENTION: Requirements Traceability,
domain or from the Google and/or Google Scholar  Traceability, Requirements Tracing;

search engine; _ _ o * RESULTS: Model, Process, Framework, Method,
» Availability of the full text either in English ain Technique, Methodology, Knowledge, Activity,

Portuguese; Task, Tool, Software, Program, System,
* Source relevance. Application, Environment, Wor kbench,

We have the following restrictions to the research: £ Generation of Search Srings
» The research cannot have a finantial impact due t

the fact that there are no funds allocated to th'OThe search string groups the keywords using the OR

. d AND operators. The OR operator is used to group
Project. Hence, we only selected sources that co ords and their synonyms, per element (Popuiatio
be accessed for free (we also considered sourg '

. ervention and Results), while the AND operatsr i
Bhoar;gﬁ:;!d be accessed for free from with the UFpéed to group the set of keywords defined for all

. . . elements, according to the PICO structure (or RO,
« We only considered studies obtained from th g (

lected that » tto the il fhis case), as follows [16]:
selected sources that are conformant to the irsiusi P <and> | <and> C <and> O

and exclusion criteria;

« The research was restricted to the papers publishedt is worth to point out that the element Companiso
between January,*1 2003 until December, 2013, (or Control), the C in the expression above, isindhe
comprising a period of 11 years, due to the need §gntext Qf this work. Hence the set of keywordstfos
identify the most current approaches to support tigdement is empty.

activities for Requirements Traceability. * ("Software” AND ("Project” OR "Development"
. OR "Organization” OR "Enterprise" OR
D. Source Selection "Company” OR "Industry" OR "Institute” OR

Based on the selection criteria and the research "Research Group" OR "Technology Center"))
restrictions, we selected the following databases a  AND ("Requirements Traceability” OR
sources for the research. In them we performed the “Traceability” OR "Requirements Tracing") AND
searches for primary studies according the search ("Model'" OR "Process" OR "Framework" OR

6
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"Method" OR "Technique" OR "Methodology" OR
"Knowledge" OR "Activity" OR "Task" OR "Tool"

approaches (patterns or CASEs) to support the
activites of Requirement Traceability.

OR "Program"” OR "System" OR "Application"” OR
"Environment" OR "Workbench")

Another important thing to point out is that we dee
make some changes in the search string accorditiggto
syntax of the search string for each research sourc

We used the following resources to perform the

primary selection phase of this study:

e Two researchers (one masters
undergratuate student);

» Access to the research sources through the Federal
University of Para domain;

» Validations on documents and procedures of the
systematic review made during meetings with the
Project SPIDER coordinator and Project advisor.

and one

G. Sdection of Primary Sudies

The selection of primary studies can be divided int
the following steps: definition of inclusion andobxsion
criteria for primary studies and definition of thei
selection process. During the conduction of the systematic mapping, th

The inclusion and exclusion criteria for primaryprimary studies were identified according to the
studies will guide the researchers in the seleatibthe following process:
studies that were gathered from the research soarmt ¢ At first, we performed some pilot tests on the w@ilgi
also define the research rigour and prevent the databases with the goal of adapting the searafgstri
researchers from having any bias during the selecti for each repository. Ths procedure allowed for the
The exclusion criteria in this work were the foliog: execution of an automatic search to be performed

» Papers that are not freely available for download
(full text) in the searched databases or through a
manual search in Google or Google Scholar (for
papers that are not offered with full text) .

» Papers that clearly do not answer the research
questions;

* Repeated papers (in more than one searched
database) were considered only once;

» Duplicated papers were restricted to the newer or
more complete version, except in the case where
there were complementary information;

» Studies that were classified as abstracts, keynote
speeches, courses, tutorials, workshops and similar
items;

» Papers that do not mention the keywords of the*®
search string in their tile, abstract or keywords,
except in the case of papers that discuss
improvements to the software process in which we
can observe the possibility of dealing with
Requirements Traceability;

» Exclusion in the case of non insertion of the study
in the context of Software Projects, Software
Industry or Software Engineering;

» Exclusion if the paper is not presented in onde of
the accepted languagens (English or Portuguese).

The inclusion criteria for the papers were basethen

following principles:

e Studies that present either primary or secondary
approaches (patterns and CASES) of support to the
activities of Requirement Traceability; H.

the same way in all search engines, with minor
adaptations for each tool. This strategy allowsous
improve the future replication of this study;

After that, we performed the searches in all selibct
sources using the search strings. Studies that were
clearly irrelevant to the research were discarded.
Articles were cataloged using the Mendeley
Desktop tool, establishing a spreadsheet with the
list with possible primary studies for each
researcher;

Based on the reading of the title and the abstract,
the papers were evaluated according to the
exclusion and inclusion criteria anf the result was
recorded,;

Both researchers responsible for the article Select
came to a consensus, when necessary. This
happened when they did nto initially agree on the
inclusion of an article (when one decided for the
inclusion and the other for the exclusion);

In the consensus phase, if there was a disagreement
on the inclusion of an article, it was includede
research;

Afterwards, the agreement index was measured
through the calculation of the Kappa value used in
[33], for future reference;

The primary studies identified were afterwardsyfull
read and then a quality evaluation and a data
extration strategy were applied, as explained & th
next subsections.

Evaluation of the Primary Sudies

 Studies that present reports of indsuty experience,The quality of an article can be measured by the
or either experimental or theoretical researchss, eelevance and the scientific value of its contémtthe

long as they present

application examplesgjuality evaluation of the primary study we conséter

experiment descriptions or real use case of theitso an exclusion criterion to be applied during th

7
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research. Even though there is no universal ofareke 0 Is there a non biased process for study selection?
quality, most checklists include issues that héeegoal » Specific criterion for systematic reviews
to evaluate the extent to which the bias is mina@diand o Is there a rigorous protocol that was described
internal and external validations are maximized.[15 nad followed?

Therefore, during the analysis of primary studied a « Specific criterion for reporto f industry experienc
result gathering, we applied the quality criteabowing o Is there a description of the organization(s)
for an additional step of study validation, in arde where the study was conducted?

identify possible papers that still needed to belused
from our research and to observe individually tegrde
of importance of the studies for any comparisons
might deem necessary at the data synthesis phafse [1 proc

Additionally, the quality evaluation might serve as °
study recommendation for future research, offering
information on the information quality for each
evaluated study [15].

Studies that might have been excluded for nonijtti
in the aforementioned quality criteria were setlasiith
the description of the reasons for their exclusiafter ) ) "~
this step, the papers included in the researchedass e Likert-5 scale, we defined scales specific for
through the data extraction phase. each quality criterion.

The quality criteria we applied to the primary gasd Table I. Likert-5 scale

The execution of the process of the primary studies
v\tfevaluation step occurred according to the following
ess:

The primary studies selected were fully read and
evaluated according to the quality criteria. Inesrd

to evaluate their adequacy to the quality critesia,
adopted the strategy proposed in [12] that used the
Likert-5 scale, allowing for graded answers from O
(totally disagree) to 4 (totally agree), as preseétin
Table I. In order to help the evaluation following

were adapted from [12], given that it describedecia Gaale Description
that were extensive enough to include the scope ffially agree (4) | Must be granted in the case where the
studies under consideration, with some changeis tioef work presents in the text all the critefia
goals and research questions of this systematiewev, and fully complies with the topic.
The quality criteria were the following: Partially agree (3) | Must be granted when the paper
« Introduction/Planning complies partially with the criteria af
0 The goals or research questions of the study|are the issue. .
clearly defined (including the reasons to perfordyeutral (2) Must be granted when it is not clear
the sudy)? whether the paper complies or not wjth

the criteria.
Partially disagree | Must be granted when mosto f the

0 The type of study is clearly defined?

* Development Lo (D criteria are not met by the evaluated
0 Is there a clear description of the context |in paper.
which the research was perfomed? Totally disagree | Must be granted when there is no part
0 The paper is either well or adequately refenced) of the paper that meets the criteria|of
(does it present related or similar works and| is the issue at hand.

based in models and theories well spread in thee Then we must use the sum of the points and fit the
literature)? paper in one of the quality levels presented inldab
» Conclusion Il
o Does the study report clearly and noRu. i quaity Levels
ambiguosly the results?

o Are the goals or research questions of the st Grade level Evaluation
reached? Excellent >86%
* Criteria for the investigation question Very Good 66%-85%
o Does the study list primarily or secondarily htesood 46%-65%
models, processes, methods, techniqUé&verage 26%-45%
methodologies, etc. used to support the activil]i%sad < 26%

of Requirement Traceability?
o0 Does the study present support tools to the m

activities of Requirement Traceability? RESULTS ANDANALYSIS

« Specific criterion for experimental studies This section described our main contribution, the
o Is there a method or set of methods described f@Pplication of the systematic literature mapping
the study execution? techniques. Its application during the conductitvage

is presented according to the protocol describethén

8

 Specific criterion for theoretical studies
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previous section. In this work, the conduction ghass Primary Studies Selection
divided into: primary search, primary studies stibec Sources | Returned | Excluded papers | Included
and data extraction. papers | Duplicated | Oth | papers
A. Primary Search €IS

. L . El 437 228 99 110

According to the definitions of the review protoaml | compedex

the issue of search method used on the selectedesoU spos 6 0 0 6
we performed a search in each primary source WBINGQVAMPS 9 0 0 9
specific search string. From this, we found a tathl | WER 9 0 0 9
1509 studies, 433 of which in IEEE, 437 at EPartial total 494 604
Compedex, 124 at Scopus, 316 at ACM, 175 at ISI Welptal 1509 1098 411

Knowledge; 6 at SBQS; 9 at WAMPS; and, finally,t9 a
the WER. The distribution found is shown at Figlire We can see that 1098 of the studies found were
9 excluded by the researchers. The main reasonshéor t

6/ exclusions were: does no present primarily or sdapn

-9 Requierments Traceability support approaches, were
mIEEE repeated, that is, were available in more thanajribe
sources used, did not mention the search keywartie a
title, abstract or paper keywords, were not freely

m Compendex

¥ Scopus available for download.
o ACM After the primary studies selection process, we can
B S| Web Knowledge verify that even though ISI Web of Knowledge was
SBQS responsible for a considerable number of the ssudie
WAMPS initially found (close to 12% of the initial ressjt this

source had a small representation in the finalctieal
WER when compared to the others (with the exception of
Scoupus), given that this source was responsible$s
than 6% of the studies. This can be explained ley th
order in which the selection process was performed,
Fig.1. Distribution of the studies found at eackegrch source. given that many of the studies of those sources wer
B. Selection of Primary Sudies included in the repeated studies exclusion crite(tbey
were also present in other sources). Another aspect
%he study duplicity can be seen when we observgtiea
El Compendex was the source with the largest number
study found and afterwards applied the inclusiod aof studies found, but more than 228 of tho_se were
"Lxcluded because they were already present in @noth

exclusion criteria.
. . source database.
After the selection process the number of studiés

decreased a lot, falling to 411. The evolution loé t C. Data Extraction
numbers in the primary studies selection process i\wnen analyzing the number of studies published each
full list of selected papers for each inclusion ang,thors state on the growth of the number of rebesr

Based on the selection process defined in the wevi
protocol, were selected the primary studies atading
the title, keywords, abastract and conclusion fache

exclusion criterion is _presented INon Requirement Traceablity in the context of sofava
Table IIl. Overview of the Primary Studies Selesti According to the results found in the search of the

sources of selected research, in the year of 20086

Primary Studies Selection . . .
v studies on the research topic were published, toumh f

Sources | Returned | Excluded papers | Included | thjs year on there was a large growth. Even thdayh

papers | Duplicated | Oth | papers | 7011 on there was a decrease in this amount, thie va
e 133 5 92’29 164 found in 2013 is still superior to the one foun®003, a
S 194 95 13 16 fact that might have been motivated by the increasi
copus recognition of the importance of this area. Thepgiain
ACM 316 61 182 73 . . e
Figure 2 illustrates the distribution through theags of
ISI Web 175 110 41 24 : dies identified by th lecti
Knowledge primary studies identified by the selection process




Malcher, P R.C.Ferreira, D. A. L.; Oliveira, S. R. B.; Vasconcelds M. L./ Revista de Sistemas de Informag&o da FSM16 (2015) pp. 3-15

70
60
50
40
B Number of
30 .
Studies
20
10
0
N <t N O N0 O O d N M
OO0 00000 dddd
lsR-ReR-R-R-R-R-R-ER=R=)
AN N N AN AN N AN AN NN«

Fig.2. Distribution of Primary Studies per Year.

In the graphic at Figure 3 we can observe the nu
of publications per authors that were included his
research based on their research within the spd
time frame. It is valid to inform that other authawere
omitted because of the small numbépapers publishe
when compared to those that appear in the graphie
to presentation issues, we included only the tenst
prolific authors.

35 32
30
25
20
15
10

B Number of
Studies

Gotel, Orlena C. Z.
Egyed, Alexander
Mader, Patrick
Oliveto, Rocco
Philippow, Ilka
Dekhtyar, Alex
Zisman, Andrea
De Lucia, Andrea

Cleland-huang, Jane
Hayes, Jane Huffman

Fig.3. Distribution of Primary Studies per Author

The distribution of papers per affiliation institut
can be seen in the graphic at Figure 4, where uh&ar
of institutionswith publications is higher than visualiz
in the graphic (some where omitted). The graphanst
only the main institutions that publish papers te
issue of Requirement Traceability.

Pace University

Teknowledge University

DePaul University
Vienna University of Technology

University of Kentucky

Johannes Kepler University
University of Twente

California Polytechnic State
The Open University

University London City
University of the Thai Chamber

University of Salerno
University of California

limenau Technical University
Independent Researcher

B Number of Studies

Fig.4. Distribdion of Primary Studies per Instituti

The distribution of papers per publication type
depicted in the graphic of Figure It shows that most
primary studies (79% or 328 studies) were publisine
events and another large part (20%, or 83 studiesg
published in journals and finally, less than 2%tloé
results (2 studies) are technical reports. We eantlsa:
most studiesncluded were published in events, wh
may be explained by the fact that computer sciéne
relatively new science. Hence, there are not thaty
journals specialized in Software Engineering. A
some researchers tend to prioritize the public at
events due to the speed of publication at this @efibe
list of events that published the selected studg
available at the document stored at the adc
http: //cin.ufpe.br/~srbo/UFPA_TCC_DiogoAdriel.pdf.

B Conference
M Journal

i Technical Report

Fig.5.Distribution of Primary Studi¢per Publication Type

We can divide the support approaches to tracea
found in the literature in the following class
techniques, models, frameworks and toln this paper
we define those approaches

e Technigues are the procedure or set
procedures whose goal in to find a spec

10
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result, be it in the field of science, technolo
arts of any other activity;

* Model is the representation or simplifi
interpretation of reality using artifac

e Framework or conceptual structure is the
of concepts used to solve a problem fror
specific domain;

 Tools is a utensil, device or mechanism L
to perform a task.

The graphic in Figure 6 shows the division of tF
approaches by the number of articles that show:

H Techniques
H Models
i Tools

B Frameworks

Fig.6. Distribution of Approaches

On the topic of techniques, we identified clos 30
techniques for traceability support in the literatult is
possible to divide them into traceability visuatina
and traceability link generation techniques.
visualization technigqueare those that allow us to see
results of the traceability, such as traceabilitgtmces,
which was one of the techniques most referenceatd
literature found [19][20][21][22] and several other
papers, and also the graph representation disclin
papers such as [23][24]Most of the techniques fi
generation and maintanace of traceability linkobeglto
the Information Retrieval area. Examples of tt
technigues are the Vector Space Model (VSM) [29]
Latent Semantic Information (LIS) [2[28]. Some
benefits derived from the use of those in the sdersd
an organizational improvement program are
following:

« As to the neeed to define a mechanism that al
to track the dependency between requirements
work products, we can betterse any link
generation techniques that ue@rmation recoven
and as to the traceability visualization,
traceability matrix is still the most satisfactdopol
for a wider view of traceability

* In the context ofconsistence maintanc between
requirements and work productbased on the
evaluation and the fact that the identified prog
were correctedwe can verify that based on 1

reviews on traceability performed and on ti
links, we can use link visualization to ident
incorsistencies and offer corrections. A techni
that offers a better visualization this kind is the
one that involves graph implementati

« Finally, in order folus to have the possibility of
adding additional requirementto the project,
removing or chaging existing requirement
the updates must be made in the establis
traceability structure and what will differ is t
way to generate the traceability links: if it
manual, the change must also be
manually and in the case of using either -
automatic or automatics changes, the im|
usually is identified automaticall

From the models found in literature, we can hidftl
mainly theTraceability Information Model (TIM)that is
a basic model on traceability much referenced g
literature because in offers a conceptual view of
implementation of a traceability strate and was
mentioned in [29][30].As to the tools, several propos
were found and we can menticsome of the most
relevant, such as RETR®1] and DOORS [32].

Some other approaches found in the syster
mapping can be seen and detaile[33].

IV. THREATS TOVALIDITY

In this section we present improvements future
instances of studies similar to this one. The fi@ht we
mention is the number of researcl involved. As
established in the mapping protocol, only 1
researchers performed the process of search
selection of primary studies. This number may
increased in order to eliminate biases during
research. Nevertheless, the results found welidated
with the researcheadvisor

It is also important to point out an improvent, the
care that should be taken to build the searchgstia
perform the primary searches in the automatic s®
because initially we created a single search stAfter
its usage, we verified the need to refine it anaingle its
structure to better adequate it to the search endfi
each source.

As to the amount of studies, we can highlithat the
studies found were enough for the research, the
presented enmh subsidies for the composition of
catalog of approaches.In spite of , in order to
improve the generalization of the research, ¢
databases could have been addo the research.
Nevertheless to comply with the source selecti
criteria (namelyto be a source that did not require
expenses from the researchers), some of the scilnat

11
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could futher help improve our results were left ofithe traceability research in that conference contrithtitethe
research. area. In this way, we can summarize the reseastless

for that review as the discovery of topics on tedmkty,

V. RELATED WORK challenges, tools, artifacts, methods and, finathe

We performed a search at Google Scholar and sevéﬂﬁin authors and institutions that work on this farend
other databases relevant for our topic, such a& lgg N the conference literature. .
ACM with the goal of finding important informatiopn 't IS important to point out that this last studyes nor

the topic of interest of this paper. We found tworke define its review as a systematic literature reyibut it
that are referenced as follows: presents some definitions that are used in thegbest

. “Requirements traceability state-of-the-art: A Based on the search strategy defined in the p&jger,
systematic review and industry case study [16]'. papers were foun, but since six were excluded, tihely

. . " into consideration 70 primary studies.
Rﬁqu?revs 1I1ewsnts Ingng':ier?; ICI:I:))I{]ferRe;efng%QZlu ﬁnthe The authors did not present objective criteria tfor

inclusion or exclusion of the studies, what givee t

The first paper is a systematic review and caseystureview a more subjective character, somethingithaot
in the industry on the state of the art of Requeetn well perceived in a systematic review, which should
Traceability between 1997 and 2007. The researstrive for the elimination of biases from their lzuis.
questions for the review can be summarized as tA@other point to highlight is that it was not perfeed an
search for the definition of Requirement Traceshiits evaluation of the quality of the secondary studies.
main challenges, tools and techniques that migltine Besides, the review concentrates in a single centa,
its application. The research was performed in fiwghich can be seen as a limitation of this work.
sources (IEEE, ACM, Springer Link, Inspec and Besides, our work has the additional differential
Compendex). Based on the inclusion and exclusi@gainst the studies [16] and [17] the higher nundfer
criteria, the authors selected 52 primary studieswere papers selected (411) based on our inclusion, sixciu
used to answer the research questions of the review and quality criteria. We also observed that mosthef

In this review we could observe that even though studies analyzed in those papers were also selétted
was published in 2012, the last year selected Wa3,2 ours (due to our selection period — 2003 to 20b&)es
that is, eight years ago, and because of that, mew their papers were not able to be selected).
approaches may be available in the literature. As a smilar point, we can highlight the dfistrilmrtiof

Another important point to highlight concering thispapers selected by type of publication, countried a
paper is that it does not present an evaluatiothef researchers. Our work complements the above
quality of the primary studies selected, as use[d4h— mentioned works by the catalog of the approaches
it just presents in the review protocol the quatitiferia presented in [33].
defined, but does not report in its applicationnés the  Also, given that we extend the paper [33], it isrtho
work performed in this research differentiated frdmat mentioning that the main difference between thatkwo
previous one in the goal and research questiorengivand the one presented in [32] is the fact thatfdheer
that we do not only wish to find the characteriatdof presents details of the application of the Systemat
requirement traceabilitym the main challenges tsr iMapping method, highlighting all the information
implementation, the main techniques and tools albEl generated on the planning, execution and presentati
in the literature, but also in a wider way, anyr@aghed phases, while [32] presents only one of the praduct
referring to requirement traceability, such as peses, generated by a Systematic Mapping, that is theliheta
frameworks, models and meta-models, among others,ci the Catalog of Approaches for Requirement
well as finding which are the main application @t Traceability.
for the approaches found. This difference is evearer
when we consider the difference between the amoiunt VI. CONCLUSIONS
papers selected for each research.

The second study is a review on traceability in thﬁ]
context of the Requirements Engineering
ConferenceRE@21" performed in a period of 20 yeards.
Nevertheless, the work does not present clearlystiut
and end dates of the period under study. Given th
distribution of the results, we can assume thaptréeod
of time for article selection was between 1993 203.
The main goal of that study was to verify how th

In this paper we presented the process of a sylitema
apping study, from its planning until the data
extraction. Due to the reduced space of this pawene
information on the mapping were not presented.

®The goal of this mapping was mainly to characterize

the search phenomenon through data categorization a
(tehe presentation of possible approaches that nhight
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implement requirement traceability in the context d8 Thayer, R. H., Dorfman, M. Software Requirementgifieering, 2nd
edition, IEEE Computer Society Press. 1997.

software projects. [9] Gotel, O. C. Z.; Finkelstein, A. C. W. An Analyi§ the Requirements

As a future goal, we should first highlight thether Traceability Problem, In: Proceedings of the Inggional Conference on
detailing of the techniques, frameworks, models and igguligze”ts Engineering, pp. 94-101, Coloradon§pri CO, EUA,
tools found as a result of this work. This actiit}/as [10] Genvigir, E. C. Um Modelo para Rastreabilidade dequisitos de
partly performed and published in [33], with indiocas Software Baseado em Generalizacdo de Elos e Atsbufese de
of the approaches found to support the implemcmtati Doutorado do Curso de Pdés-Graduacdo em Computaghicada.

. INPE. 2009. Diponivel em http://mtc-m18.sid.inpécbt/sid.inpe.br
of the MPS.Br quality model [8]. /mtc-m18@80/2009/03.02.14.17/doc/publicacao.pdRlagebutton=pt

After that, we intend to elaborate a catalog of th[?l] -LBRl- l;/'lﬁfgo SCGSS% efg JU'h°/201f5-t iica de qerdedn )
. . . eal, M. D. Uma aboraagem semiautomatica de geraganiormacoes
technlque_s that support traceab”'t)_/ in orde_r acheone de rastreabilidade de software. Dissertacdo derbtiEst Universidade
of the main challenges proposed in the First Warsksh Federal do Para. Belém, 2011.

of Challenges to Traceability (GCW’OB) WhOSélz] Costa, C. S. Uma abordagem baseada em evidéncies @a
' gerenciamento de projetos no desenvolvimento bliigtto de software.

principle is that traceability is a critical factdor Dissertacéo de Mestrado — Programa de Pés-Gradeagaiéncia da

software projects success. Nevertheless, thereois n Computagdo - Universidade Federal de PernambuaifeREE, Brasil.
; 2010.

_consensus . on the best technlques and methOdS[lg? Petersen, K.; Feldt, R.; Mujtaba, S.; Mattsson,Syistematic mapping

implement it. Hence, we expect to be able to cr@ate  studies in software engineering. 12th Internatioainference on

database of knowledge on best practices, termiymog Evaluation and Assessment in Software Engineerpages 71-80,

. L. . 2008.
approaCheS and case studies on traceablllty. Bestds [14] Petticrew, M.; Roberts, H. Systematic Reviews m 8ocial Sciences: A

important to perform periodically a new systematiC  Practical Guide. Wiley-Blackwell, 2005.

i i [15] Kitchenham, B.; Charters, S. Guidelines for periog Systematic
mapping on the SUbJeCt at hand to analyze trensiand Literature Reviews. In Software Engineering, TechhReport EBSE-

approach_es in the Iine_ of researc_he on Requirement 2007-01, Departament of Computer Science Keele dJsity, Keele.
Traceability, contemplating the studies performéera 2007.

; ; ; : [16] Torkar, Ret al. Requirements traceability state-of-the-art: Ateysatic
2013. This could also pOSSIny include new keywords review and industry case study. International Jaurof Software

the search string, as well as all the several typles Engineering and Knowledge Engineering, World SdfienPublishing,
traceability mentioned in Section I. 22(03), pp. 385-433. 2012.

. .[17] Nair, S.; De La Vara, J. L.; SEN, S. A review daddeability research at
Another |mportant future work could be the analys@ the requirements engineering conference re@ 21.REguirements

of the classification of the works in the are of Engineering Conference (RE), 2013 21st IEEE Intésnal. IEEE. p.
i i ; i 222-229.2013.
Requ”ement Engmeerlng proposed ln [35] _and tq?B] Santos, G. (2010) “Revisdo Sistematica, Mini-Cur&ifnposio
exploration of how the selected studies fit intatth Brasileiro de Qualidade de Software — SBQS. Beld?#-2010.
classification. [19] Naslavsky, L.; Ziv, H.; Richardson, D. J. Towartsceability of model-
based testing artifacts, Proceedings of the 3etnational workshop on
Advances in model-based testing, p.105-114. Lontioited Kingdom.
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