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a b s t r a c t 

Context: Software architecture design creates and documents the high-level structure of a software system. Such 
structure, expressed in architectural models, comprises software elements, relations among them, and proper- 
ties of these elements and relations. Existing software architecture methods offer ways to derive architectural 
models from requirements specifications. These models must balance different forces that should be analyzed 
during this derivation process, such as those imposed by different application domains and quality attributes. 
Such balance is difficult to achieve, requiring skilled and experienced architects. 
Object: The purpose of this paper is to provide a comprehensive overview of the existing methods to derive 
architectural models from requirements specifications and offer a research roadmap to challenge the community 
to address the identified limitations and open issues that require further investigation. 
Method: To achieve this goal, we performed a systematic mapping study following the good practices from the 
Evidence-Based Software Engineering field. 
Results: This study resulted in 39 primary studies selected for analysis and data extraction, from the 2575 initially 
retrieved. 
Conclusion: The major findings indicate that current architectural derivation methods rely heavily on the archi- 
tects’ tacit knowledge (experience and intuition), do not offer sufficient support for inexperienced architects, 
and lack explicit evaluation mechanisms. These and other findings are synthesized in a research roadmap which 
results would benefit researchers and practitioners. 
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. Introduction 

Software architecture has been defined in many different ways [1] ,
ut at its core it refers to the structure of the software [2] comprising
oftware elements, the externally visible properties of those elements,
nd the relationships among them [3] . Software architecture supports
he analysis of properties of complex systems, and its major tasks are
till hard to accomplish, demanding forceful effort, time, and skilled
rchitects. Note that software architecture is different from software
esign. Software architecture concerns the identification of the archi-
ectural elements, their interactions and the constraints satisfying the
equirements and serving as a basis for the design, while software de-
ign concerns the modularization, detailing the interfaces of the archi-
ectural elements, their algorithms and data types needed to support the
rchitectural solution [4] . To create a software architecture model, one
ust understand the problem, find a solution, and evaluate the final

esult. Understand the problem requires identifying, analyzing and pri-
ritizing the stakeholders’ needs, producing the so-called requirements
pecification. Find a solution is related to deriving a software architec-
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ure from the requirements specification. This includes decision-making
echniques to select, from the existing software architecture alternatives,
hose architectural elements that best satisfy the stakeholders’ goals and
he system’s qualities. Finally, evaluate the final result , or the proposed
olution, requires deciding whether, and to what extent, the chosen al-
ernatives solve the problem. Analyzing the software architecture early
n the development life cycle can help identifying and mitigating sig-
ificant technical risks at a minimal cost [5] . Although this may seem
 simple activity, creating an architectural model is difficult and re-
uires knowledgeable architects able to find the difficult balance be-
ween the different forces imposed by different application domains and
uality attributes. In particular, quality attributes may conflict, requir-
ng trade-off analysis of our requirements, and architectural patterns and
tyles [6] . These trade-offs pull the architecture in various directions,
eading to a number of architectural choices that would serve the stake-
older needs with varying levels of satisfaction [7] . This issue has led the
oftware engineering community to investigate methodological guid-
nce to move from the problem space (requirements) to the solution
pace (software architecture design) [8–10] . Still, few results exist to
vercome this gap [9–12] . 
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1 There are two types of snowball approaches [21] : backward (from the ref- 
erence lists) and forward (finding citations to the papers found). 

2 Excluding these type of studies is common practice [17] . 
3 The citation numbers were collected from Google Scholar. 
This paper focuses on the transition between requirements engineer-
ng and software architecture, offering an overview of the current prac-
ice for deriving architectural models from requirements specifications.

e use Evidence-Based Software Engineering (EBSE) to better under-
tand the problem and the field of research, and to extract and synthe-
ize the results. EBSE provides a rigorous and reliable research method-
logy, together with auditing tasks to reduce the researcher bias on the
esults [13,14] . Two of the core tools for evidence-based studies are sys-

ematic literature reviews , focusing on identifying the best practices on a
iven topic based on empirical evidence, and systematic mapping studies ,
iming at creating a comprehensive overview of a given research area
15,16] . 

The goal of this work is to carry out a systematic mapping study of
he existing methods to derive architectural models from requirements
pecifications for the purpose of classifying them with respect to their
ontext, benefits to the user, content, and validation, in order to offer a
omprehensive overview on methods for software architecture deriva-
ion from requirements specifications, and a research roadmap with a
ist of open issues requiring future research. These constitute the major
ontributions of this work. 

The remainder of this paper is organized as follows. Section 2 de-
cribes the research method applied. Section 3 presents the mapping
tudy results from the extracted data and discusses the main observa-
ions found. Section 4 highlights and summarizes the major findings of
he mapping study. Section 5 discusses the validity threats of this work
nd elaborates on their mitigation. Section 6 summarizes the major re-
ults of the whole study, proposing a research roadmap for the software
rchitecture community. Prior to the planing and execution of our map-
ing study, we performed a systematic search looking for systematic
tudies and surveys with similar research questions. Section 7 discusses
ome of those studies with research questions, despite different, closer
o ours. Finally, Section 8 concludes and suggests directions for further
ork. 

. Research method 

The first step we performed was to search for surveys and secondary
tudies with similar goals to the one we had in mind: identify existing
ethods to derive architectural models. This search resulted in several

ystematic studies which research questions were analyzed to conclude
hat our goal was not yet addressed (Some of the identified studies are
ncluded in the related work section). The following step was then to
erform the three phases proposed for a systematic study [14,16–18] to
ffer a comprehensive overview of the existing methods to derive archi-
ectural models: planning, conducting , and reporting . The planning phase
ims at defining and evaluating the research questions and research pro-
ocol the study must comply with. The conducting phase is to carry out
he search of the relevant primary studies, and extract and synthesize
he data found according to the protocol. Finally, the reporting phase
s about the dissemination of the results. The first two phases (planning
nd conducting) are presented next, while the last phase summarizing
he results and revisiting the research questions is discussed in Section 3 .

.1. Planning 

To plan a mapping study, we start by formulating the research ques-
ions and the search string to run in the digital libraries, next we define
he search strategies and the research sources and studies, then we de-
ermine how to assess the quality of the studies and specify what data
hould be extracted from the selected studies, and finally we review the
rotocol, seeking external reviewers to validate and offer any additional
uggestions for improvement. 

.1.1. Formulating the research questions 

The definition of the goal of our study follows the PICOC [19] struc-
ure described in Table 1 . This helps us focusing on what mat-
27 
ers for the study in hand, guiding also the extraction phase of the
rocess. 

This lead to the definition of the following research question: 

RQ: What methods have been proposed for the derivation of software ar-

chitecture models from requirements specifications? 

.1.2. Formulating the search string 

The key terms in our research question led to the definition of the
earch query. Table 2 shows those terms (first line), as well as the ex-
ressions (following lines) that, connected with AND operators, form the
nal search query. 

.1.3. Defining the search strategies 

Our search strategy used two complementary search methods [20] :
utomatic and manual. The automatic search uses the search terms from
ection 2.1.2 to find primary studies on electronic data sources (see
ection 2.1.4 ). With the manual search we followed a forward snowball
pproach 1 to identify additional primary studies focusing on software
rchitecture. 

.1.4. Selecting the research sources 

The search string was run in four digital libraries, without date
estrictions: IEEEXplore, ACM Digital Library, Science Direct, and
pringerLink. These are the libraries covering the most important fo-
ums in Computer Science that publish software architecture works,
ithout date restrictions (e.g., journal papers, conference proceedings
nd workshop papers), including the best conferences and workshop in
he research area, such as WICSA, ECSA, and QoSA. 

.1.5. Selecting studies 

Inclusion and exclusion criteria were defined to help selecting the
elevant studies for analysis and data extraction. We included peer-
eviewed papers from journals, conferences and workshops that present
ethods to design software architecture (I1), relevant studies cited by

uthors of the papers we read during the conduction process obtained
y forward snowball search (I2), and relevant studies suggested by ex-
erts on the topic of research (I3) as recommended in [17] . On the other
and, we excluded informal literature (slide shows, conference reviews,
nformal reports), secondary and tertiary studies (reviews, surveys) 2 and
tudies from conferences, workshops and journals without peer-review
E1), duplicated studies or studies with the same content (E2), studies
hat did not answer the research question (E3), studies not written in En-
lish (E4), studies not available for download from the source bases and
hose authors did not reply to our request (E5), and studies not meeting

ome quality criteria (E6) (Regarding quality criteria, more details are
iven in the following section). In cases of studies complementing their
uthors’ previous work, only the most cited 3 were selected, excluding
he other studies as duplicate (E2). The application of these exclusion
riteria happened in four rounds. In the first round, we analyzed all
he candidate studies through title and abstract reading. Next, with the
emaining candidate studies, we performed the second round through
ull text reading, excluding some more papers and included some stud-
es through I2 criterion. In the third round, we analyzed the candidate
tudies included by I2 criterion through full-text reading. Finally, in the
ourth round, we analyzed the candidate studies included by the I3 cri-
erion through full-text reading. 
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Table 1 

PICOC analysis. 

Population Papers focusing on the transition from Requirements to Software Architecture, considering all types of industries, systems and application domains. 

I ntervention Software architecture derivation methods that use any methodology, tool, technology, and procedures. 
C omparison Not applicable: our intention is to classify the existing derivation methods based on specific criteria nor to compare the methods with other methods or processes. 
O utcome Overview on the context, benefits to the users, content, and validation of the software architecture derivation methods. 
C ontext Research papers. We are working in a research context with experts in the domain as well as other practitioners, academics, consultants and students. 

Table 2 

Research query building. 

Research Question 
What methods have been proposed for the derivation of software architecture models from requirements 

specifications? 

Methods (process OR method OR technique OR approach OR methodology OR framework) 
Derivation (derivation OR decomposition OR “decision-making ”) 
Software Architecture ( “software architecture ” OR “architectural constraint ” OR “architectural pattern ” OR “architectural style ”

OR “architectural view ” OR “architectural viewpoint ” OR “architectural model ” OR “architecture 
description language ” OR “architecture analysis ” OR “architectural analysis ” OR “architecture 
documentation ”) 

Requirements (requirement OR “non-functional ” OR “quality attribute ”) 

Table 3 

Quality assessment checklist. 

General items (G) = 25% Specific items (S) = 75% 

G1: Problem definition and motivation of the study S1: Method definition 
- Explicit Definition (1) - Formal definition (1) 
- General Definition (0,5) - Semi-formal definition (0,5) 
- No Definition (0) - Lack of formalism (0) 
G2: Research methodology and organization S2: Architecture description 
- An empirical Methodology (1) - Specifies more than one architectural viewpoint (1) 
- A generalized analysis (0,5) - Describes 1 architectural viewpoint or 1 Architectural Description Language (0,5) 
- Lacks any proper methods (0) - Does not specify any architectural viewpoint nor Architectural Description Language (0) 
G3: Contributions of the study refer to the study results S3: Evaluation of the study 
- Explicit w.r.t state-of-the-art (1) - Formalized empirical evaluation (1) 
- Implicit w.r.t state-of-the-art (0,5) - Some informal evidences are provided (0,5) 
- Not determined w.r.t state-of-the-art (0) - Non-justified or ad-hoc validation (0) 
G4: Insights and lessons learned from study S4: Limitations and future implications of the study 
- Explicit and technical description (1) - Formalized empirical evaluations (1) 
- General recommendations (0,5) - Some informal evidences are provided (0,5) 
- Not described (0) - Non-justified or ad-hoc validation (0) 
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4 http://portal.core.edu.au/conf-ranks/ . 
5 https://www.scimagojr.com/journalrank.php . 
6 The data ranges used in Q2-Q4 are borrowed from [23] , which, although 

not demanding, are a more inclusive. 
7 NIMSAD (Normative Information Model-based Systems Analysis and Design) 

is a framework to evaluate methods. 
.1.6. Assessing the quality of the studies 

Although there is no agreed definition of what a high level quality
tudy is, there is a common agreement that the quality of the chosen
rimary studies is critical for obtaining trustworthy results in empirical
tudies [17] . We defined four quality assessment criteria (QA1–QA4)
o be considered when applying the excluding criteria E6, using an ap-
roach similar to that in [22] and based on bibliometric impact informa-
ion. While QA1 uses a set of general and specific criteria ( Table 3 ), QA2
ses the ranking of the publications fora, QA3 uses the papers’ citations
nd QA4 relaxes QA3. Each of these criteria is discussed next. 

QA1 is calculated using the QualityScore given by Eq. (1) , where
he General ( G ) and Specific ( S ) assessment factors are summarized in
able 3 . The result is a numerical quantification to rank the selected
tudies. 

𝑢𝑎𝑙𝑖𝑡𝑦𝑆𝑐𝑜𝑟𝑒 = 

[ ∑4 
𝐺=1 
4 

+ 

( ∑4 
𝑆=1 
4 

× 3 

) ] 

(1)

he quality assessment checklist, with G and S composed of four items
ach and each one with a maximum score of 1, shows a weighted aver-
ge, where S weights 3 times more than G , as the specific contribution
f a study is more important than the general factors. Papers with an
verall score > = 3 were considered “high ” quality studies; papers with
 score > = 1.5 and < 3 were considered acceptable ( “medium ” qual-
ty); and papers with a score < 1.5 were considered of lower quality
nd therefore excluded from further analysis. It is important to clarify
hat we do not evaluate the quality of the paper itself with this crite-
28 
ion, but only its contributions’ alignment with our research questions
derivation of an architectural model from requirements). 

QA2 rates papers according to the forums where they were pub-
ished. It considers “high ” for papers published in forums rated A, and
medium ” for papers published in forums rated B, according CORE-
RA 

4 for conferences, and SJR 

5 for journals. 
QA3 rates papers according to their citations, giving “high ” to papers

ith more than five citations and “medium ” to papers with one to five
itations. The citation numbers are collected from Google Scholar. 

QA4 relaxes QA3 by considering papers published after 2010, which
ay have fewer citations for being relatively recent. 6 In this case, pa-
ers that have potentially high relevance have at least one citation, and
apers that have not been cited have potentially medium relevance. To
e included in our review, a paper must obtain QA1 > = 1.5 and its bib-
iometric impact criteria QA2-QA4 must be “medium ” or higher. 

.1.7. Collecting the data 

To promote the understandability of the area and facilitate the data
xtraction, the research question was decomposed according to the four
imensions recommended by the NIMSAD framework 7 [24] : Context,

http://portal.core.edu.au/conf-ranks/
https://www.scimagojr.com/journalrank.php
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Table 4 

Research question decomposition. 

Research questions Reasoning 

per NIMSAD dimension 

Context 

What is the main goal of the method? Even if the main goal of a method is not to address the derivation of architectural 
models from requirements specifications, we still register it if the issue is 
discussed. 

What are the method’s application domains? The scope of the method must be well-defined, and the application domain helps 
defining it. 

What is the method’s starting point? There are many types of requirements specifications and models. We wish to know 

what are the requirements specification and models used as input. 
Benefits to the users 

What are the method’s benefits to the users? A method improves some aspects of software architecture or facilitates some tasks 
performed by a software architect. We wish to collect the method’s benefits. 

What are the limitations of the methods? All methods have benefits and limitations. We wish to collect the method’s 
limitations as described by their authors. 

Content 

What is the coverage of the method with respect to (1) 
understanding the problem, (2) finding a solution for the 
problem, and (3) evaluating the solution? 

The problem of creating a software architecture model is not different from solving 
any other problem. We wish to know if the method includes activities for these 
three phases. 

What are the architectural viewpoints proposed by the method? The complexity of a software architecture requires several views of the solution and 
different perspectives for different stakeholders. We wish to know what are the 
viewpoints suggested. 

Does the method define a language or notation to represent the 
produced artifacts? 

Each viewpoint is described using some notation or language. We wish to know 

what are these notations and languages. 
What is the level of automation of the supporting tools? Automation is a way for decreasing the effort of executing the method’s activities. 

Validation 

How is the method evaluated? The maturity of the method is directly related to how it was evaluated (e.g., 
experimentation, case study). 

How is the quality of the method’s output validated? Another indicator of the maturity of a method is the evaluation applied the 
produced artifacts. 

Table 5 

Evaluation score. 

# Question Average 

1. Do the research questions cover the specific work objective? 4.6 
2. Are the questions clear? 4.6 
3. Are the digital libraries representative of the area of study? 5 
4. Are you aware of any relevant conference or journal related to this area of study? NA a 

5. Are the keywords in the query sufficient to achieve the mapping study objectives? 4.3 
6. Is the query complete (e.g., missing synonyms)? 5 
7. Are the Boolean operators adequate and are they used adequately in the search query? 5 
8. Is the data extraction procedure complete enough to achieve the mapping study objectives? 4.6 
9. Are the inclusion/exclusion criteria complete enough to achieve the mapping study objectives? 5 
10. Are the quality assessment criteria complete enough to achieve the mapping study objectives? 4 

a This is an open question where the reviewers were asked to offer a list of publication fora . 
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8 Papers tool: http://www.papersapp.com . 
enefits to the User, Content, and Validation. Each dimension originated
everal (sub)research questions, as shown in Table 4 . 

.1.8. Reviewing the protocol 

Once completed, the research protocol must be reviewed by external
eviewers to the study. Our protocol was evaluated by three reviewers.
his evaluation was based on a set of slides explaining the study, an
valuation form (with questions for each part of the protocol), and the
andidate protocol document. The three reviewers inserted their feed-
ack in the form, and we analyzed it. The evaluation form contained the
uestions in Table 5 . The maximum score for each question was 5. In
eneral, the feedback received was very good, as the quality assessment
esults ranged from 75% (average 4) to 100% (average 5). 

The reviewing process led to the refinement of the protocol, particu-
arly: we removed the publication date restriction to be more inclusive
ith the journals and conferences chosen, and added the quality score
ssessment to mitigate any potential subjectivity in the evaluation of
he general and specific factors. Additionally to the protocol evaluation,
i) we performed a pilot to identify any possible issues in the applica-
ion of the protocol, and (ii) we used Fabbri’s quality checklist [25] as a
upplementary quality step. This checklist has a number of questions to
29 
valuate the search string, research protocol, initial selection of studies,
nal selection of studies, and data extraction. Although no problems in
he protocol were found during the execution of the pilot and perform-
ng of the checklist, an insight was the usefulness of a bibliographic tool
o facilitate the management of all the studies. Thus, the selected stud-
es were cataloged into a bibliography management tool, 8 and the data
xtracted was kept in a spreadsheet workbook. 

.2. Conduction 

The execution of the search string ( Section 2.1.2 ) in the four digi-
al libraries retrieved a total of 2575 candidate primary studies, which
ere collected and imported into the bibliographic tool. The following

tep was to select the primary studies by applying the inclusion and
xclusion criteria, a step that decreased the number of papers to 78 rel-
vant studies. Table 6 summarizes this process. The selected primary
tudies were read fully, while still applying the exclusion criteria, and
he relevant data was extracted and added to a spreadsheet workbook
reviously structured as a form. Next, we applied the quality assessment

http://www.papersapp.com
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Table 6 

Application of the filtering criteria. 

Criteria IEEE ACM Science Direct Springer Snowball Experts 

I1 + 188 + 905 + 203 + 1259 + 0 + 0 
I2 + 0 + 0 + 0 + 0 + 14 + 0 
I3 + 0 + 0 + 0 + 0 + 0 + 6 
E1 − 11 − 22 − 47 − 91 − 0 − 0 
E2 − 9 − 104 − 10 − 145 − 4 − 1 
E3 − 149 − 775 − 134 − 999 − 3 − 3 
E4 − 0 − 0 − 0 − 4 − 0 − 0 
E5 − 0 − 0 − 1 − 1 − 0 − 0 
E6 − 12 − 1 − 3 − 6 − 2 − 0 
Total 7 3 9 13 5 2 

I1 - Included peer-reviewed papers. I2 - Included relevant studies cited by 
authors. I3 - Included relevant studies suggested by experts. E1 - Excluded in- 
formal literature and secondary and tertiary studies. E2 - Excluded duplicated 
studies or studies with the same content. E3 - Excluded studies that did not 
answer the RQs. E4 - Excluded studies that were not written in English. E5 - 
Excluded studies that were not available for download. E6 - Excluded studies 
according to the quality assessment. 
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Fig. 1. Distribution of NFRs (left) and requirements models (right). 
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pproach, 9 reducing to 39 the total number of studies for final analysis.
 synthesis of the data extracted from these 39 papers is described in the
ext section and the list of all these papers can be found in Appendix A.

. Study results 

This section starts with a summary of the demographic data for the
rimary studies and proceeds to discussing the results according to the
our NIMSAD dimensions. 

.1. Demographic data 

Among the various types of publications, 12 are conference pa-
ers [78,79,81–85,95,101,102,106,107] and 12 are journal papers [86–
4,109,112,115] both corresponding to a total of 61.4% of the selected
rimary studies. From the total number of primary studies, 7 are book
hapters ( [96,99,100,108,113,114,116] , accounting for 17.9% of the
tudies), 6 are workshop papers ( [80,97,98,104,110,111] , correspond-
ng to 15.3%) and, finally, 2 are technical reports ( [103,105] , or 5.1%
f the total number of selected studies). 

.2. Context 

hat is the main goal of the method? From the 39 selected stud-
es, 35 (89.74%) address the derivation of software architecture
78,79,79,81,81–83,83,84,84,85,85,85,87–100,106,108,110–116] , 3
7.7%) concern the understanding of how an architectural model is
reated in practice [86,107,109] , and one (2.56%) [82] targets design
nd analysis of quality attributes [82] . Although most of the studies
iscuss software architecture derivation, their focus differs significantly,
s described in Table 7 . 

It is important to notice that, although there are some supporting
ools for the derivation process (e.g., QuaDAI [95] and Monarch [109] ),
ll the decisions reported in the selected primary studies were based on
he architects’ tacit knowledge (meaning that they are currently based
n the experience and intuition of the authors), and the quality of the
rtifacts were evaluated subjectively, when evaluated at all (this will be
urther discussed in Section 3.5 , under the question How is the method

valuated? ). 

hat are the method’s application domains? From the total number of
tudies, only one focuses on a specific domain (cyber-physical systems)
115] . The remaining 38 studies (97.4%) do ot discuss the methods’
9 19 studies were excluded by QA1, four by QA2, and one by QA3. 

r  

s  

i  

30 
tness (or unfitness) to particular application domains. Instead, the
uthors limit their approaches to a given paradigm or technological
latform (e.g., model-driven development [79–81,88,91,92,95,115] ,
spect-oriented software development [93,99–102] , software prod-
ct lines [79,83,89,95,105] ). Regarding examples or case studies
sed for evaluation, 20 studies were illustrated with case studies
79,81,83,84,87–90,90–94,97,99,101,102,106,109,112,115,116] , 
0 use examples [78,80,82,85,96,98,100,110,113,114] , 3 report exper-
ments for specific application domains [89,95,113] , and 7 were not
llustrated [86,103–105,107,108,111] . 

hat is the method’s starting point? The goal is to identify the type of
equirements and requirements models used as a starting point. Table 8
ummarizes the results, that we discuss next. All the 39 studies ad-
ress functional requirements, as expected, and from those, 30 (76.9%)
ddress non-functional requirements [81,82,84–89,91–107,110–114] .
o aggregate these findings we use Sommerville’s [26] classifica-
ion of NFRs into Product NFRs (specify the desired characteristics
 product must have), Organizational NFRs (derived from organi-
ational policies and procedures), and External NFRs (derived from
actors external to the system and its development process). From
hose 30 studies, 28 (93.3%) consider product NFRs [81,82,84–89,91–
3,95,96,98–107,110–114] , 9 (30%) consider organizational NFRs
84,88,89,94,97,103,105,107,114] , and one (3.3%) considers external
FRs [84] . Some of the studies consider more than one type of NFR,

esulting in a sum of the percentages by type of NFRS greater than
00%. In particular, 7 studies (23.3%) analyze product and organiza-
ional NFRs [84,88,89,103,105,107,114] , and one study (3.3%) consid-
rs product, organizational and external NFRs [84] . Fig. 1 (left) depicts
he distribution of the studies that consider NFRs as input, also showing
he overlaps among types of NFRs. 

Another relevant aspect is the requirements model used as input,
ummarized in Table 8 . A total of 20 studies (51.3%) use to textual
equirements, 8 (20.5%) use goal-oriented models, 6 (15.4%) do not
pecify any type of model used, 2 use feature models, 2 use problem
rames, and 1 uses a sequence diagram model. 

extual Requirements. The high number of studies using textual spec-
fications (in 20 out of 39 studies) may be because industry still uses
ostly natural language to specify requirements [99] . From those, 9

45%) structure their requirements using use cases [78–80,105,108,111,
13–115] , 4 (20%) use intermediary models — e.g., Ovaska et al.
91] uses Quality Attribute taxonomy, Chitchyan et al. [99] uses
equirements Description Language (RDL) [27] , Sánchez et al.
100] uses Theme/Doc [28] , and Grünbacher et al. [112] uses
omponent-Bus-System-Property model —, and 2 (10%) create
lusters to facilitate modularization and identification of archi-
ectural components [84,90] (Casamayor et al. [90] uses natu-
al language processing algorithms, and Petrov et al. [84] is
trongly based on the software architects’ experience and intu-
tion). Finally, 5 (25%) of the studies do not give enough in-
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Table 7 

Context of the selected studies. 

Selected study Context 

[78] Relationship between agile methods and architectural modeling. 
[79,83,89,95,105] Use software product line concepts to derive a software architecture. 
[79–81,88,91,92,95,115] Use model-driven techniques to derive an architectural model. 
[82,84,91,92,95,96,103,110,113] Focus on the satisfaction of non-functional requirements at architectural level. 
[85,104,108] Describe different views to represent the complex software architectures. 
[87,110] Create software architecture from a problem frame specification. 
[88,94,96–98,114] Derive a software architecture from organizational goals specifications. 
[90] Introduce an approach for mining and grouping functionalities (architectural modules) 

from textual descriptions of requirements using text mining techniques 
[93,99–102] Use aspect-oriented techniques to derive an architectural model. 
[106] Show a process for the design, representation, and evaluation of reference architectures. 
[111,112] Facilitate the software architecture design. 
[116] Help architects during architectural design 
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ormation about the structure of the requirements specification
102–104,107,116] . 

oal-oriented models. From the 8 studies using goal-oriented models, 3
se generic goal-oriented models [81,89,96] , 3 use i-Star [88,94,97] ,
ne uses KAOS [98] , and another one uses v-graph [101] . 

nspecified models. The group of 6 studies [82,85,86,93,106,109] that
oes not specify any type of model used as input for their methods share
he idea that architects should analyze and define the critical architec-
ural requirements based on their own experience and, starting with the
esults of that analysis, begin the architectural modeling process. 

.3. Benefits to the users 

hat are the benefits the method brings to the users? From the 39 studies,
0 (76.9%) do not explicitly describe who the users are (target audi-
nce) and what are the benefits for them [78,79,81–84,86,88,89,91–
07,109,112–114] . In such cases, we consider that the main bene-
t to the users is the proposal itself. The main benefits of the ana-

yzed studies were the derivation of the software architecture from
he requirements (33 out of 39) [79–81,83–86,88,91–102,104–116] ,
ollowed by understand the requirements specification (12 out of 39)
80,84,86,90,99,103,105,107,108,111,112,114] , decision making sup-
ort (12 out of 39) [84,85,91,94–96,105,110–113,116] , architectural
nowledge reuse (6 out of 39) [78,85,91,95,98,102] , improve the mod-
larization of software architecture (2 out of 39) [92,93] , and traceabil-
ty between requirements and architecture (1 study) [89] . The result is
ery interesting because, on the one hand, sharing knowledge between
rchitects is difficult [85] , and, on the other hand, the architectural
ecision-making process is an important aspect during architectural de-
ign. Both have a significant effect on the structure and functionality of
he system being developed, hence on the success or failure of the over-
ll software project [29] . However, while systematic processes exist for
oftware architecture model derivation, all architectural decisions have
een exclusively based on the architects’ tacit knowledge. Thus, fur-
her investigation on how to collect and later reuse the architect’s tacit
nowledge during the decision making process would be useful. 

hat are the limitations of the method? From the total number of stud-
es, 32 (82%) did not clearly specify limitations or weaknesses [78,80–
4,86–97,100,102–107,109–112,114] . These are essential elements for
uilding a sound body of knowledge in a research area. The reason for
his lack of information may be due to the level of complexity involved,
articularly in finding the balance between the many different forces
laying a major role when creating a software architecture [30] . The
imitations found are related to the immaturity of the approaches and
ack of supporting tool [98] , poor requirements understanding processes
31 
113] , undetailed decision making processes [85,108] , inconsistency be-
ween the artifacts [79,99] , semantic loss [101] , and lack of traceability
etween models [79,99] . 

.4. Content 

hat is the coverage of the method with respect to (1) understanding the

roblem, (2) finding a solution for the problem, and (3) evaluating the solu-

ion? In general, a software architecture design approach is composed
f an architectural analysis phase to understand the problem, an ar-
hitectural synthesis phase to propose solutions to solve the problem,
nd an architectural evaluation phase to evaluate if the proposed so-
ution solves the problem. Hence, we emphasize that the problem of
reating a software architecture model is not different from solving any
ther problem, where, iteratively, we understand the problem, find a
olution, and evaluate that solution. When analyzing the coverage of
he methods with respect to these three phases, only 8 studies (20.5%)
ackle the three phases [80,85,91,106–108,114,116] . Including over-
aps, 30 (76.9%) aim at understanding the problem and finding a solu-
ion [78–81,83–85,87–94,96,99,100,103,106–116] , 3 (7.6%) focus on
nding a solution (without detailing how to understand the problem)
nd evaluating it [86,95,105] , and 6 (15.3%) focus on creating a so-
ution [82,97,98,101,102,104] . Table 9 shows the coverage of each se-
ected study. Besides the identified gaps, the software architecture meth-
ds provide only a coarse-grained description of the proposed method,
ence difficult to replicate. This may be because they are currently based
n experience and intuition of the authors. 

hat architectural views does the method use? Although the various
tudies use models to describe one or more architectural views, 19
out of 39) studies do not explicitly name the views used [78,80–
3,86–90,94,97,99,101,109–111,115,116] . The remaining 20 studies
escribe a total of 28 different views: variability view [79,95] , sce-
ario view [85,105,108] , logical view [85,96,105,108,112,113] , de-
elopment view [85,91,105,108] , physical view [85,105,108] , process
iew [85,105,108] , structural view [91,92,98,100] , behavioral view
91,92,98,100] , deployment view [91,106] , internal view [93] , external
iew [93] , micro view [94] , macro view [94] , functional view [95,104] ,
uality view [95] , transformation [95] , modular view [102–104,107] ,
omponent-connector [79,102,103] , allocation view [103] , customer
iew [104] , application view [104] , conceptual view [104,106,107] ,
ealization view [104] , crosscutting view [106] , runtime view [106] ,
xecution view [107] ,requirements [114] , and architectural [114] . 

A closer analysis of these views suggests that the same view names
ere used for different purposes. For example, the development view was
sed by Woods and Rozanski [85] to describe the software modules and
heir communications and by Ovaska et al. [91] to describe the mapping
f the software to the hardware. The contrary has also been found, that
s, different view names for the same purpose (e.g., Nascimento et al.
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Table 8 

Requirements types and models Used as input, where means requirements type model used and X means not used. 
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10 For example, consider two studies where one describes a development view 

and a physical view, and the other describes a development view; the total num- 
ber of instances of views is three and the number of (types of) views is two. 
79] describes the component-connector view with the same purpose of
he development view in [85] ). This and other similar cases seem to indi-
ate lack of a common understanding. To make the analysis possible, we
hose the Kruchten’s 4+1 Views approach [31] as a baseline method to
lassify the various views found, “normalizing ” those views that shared
ither the meaning or the name. Although we could have chosen any of
he existing proposals, we opted for the widely known 4+1 Views ap-
roach that details five different, but complementary, views to represent
 software architecture. Table 10 shows the mappings and a rational for
ach decision, and Fig. 2 shows the result of this analysis, for a total of
0 instances of views found and mapped to Krutchen’s 4+1 views. 

The visual notation described in [31] was also used for this mapping
here, for example, the development view is represented by compo-
32 
ents (modules and subsystems) and connectors (the communications)
mong components. 

Fig. 2 -left shows the percentage of instances of the views used by
he authors. The total number of instances, for the 28 views in the 39
tudies analyzed, is 80. 10 Therefore, 6 out of 80 views (7.5%) are logical
iews, 4 are development view (5%), followed by physical, process, and
cenario views with 3 views each (3.75% each). Besides, 23 views were
ot named (28.75%), and 38 (47.5%) were described using other names.
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Table 9 

Coverage of the methods, where means phase covered and means phase not covered. 

Fig. 2. Distributions of architectural views as reported in the primary studies 
(left) and mapped to the 4+1 views (right). 
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Fig. 2 -right shows that the percentage of studies addressing the logi-
al and development views increased from 7.5% to 17.5% (from 6 to 14
iews) and from 5% to 38.7% (from 4 to 31 views), respectively. Seven
8.75%) of the views in the primary studies were not mapped to the
+1 views. These are, however, alternative and useful views, such as
he variability view [79,95] , the crosscutting view [106] , the customer
iew [104] , the quality view [95] , the macro view [84] or internal views
93] . 

oes the method define a language or notation to represent the produced ar-

ifacts? We used Jamshidi’s categories ( “process algebra ”, “standards ”
nd “others — non-standard ”), to classify the studies with respect to the
rchitectural description language used [32] . 

It is curious to note that in this analysis, the studies were grouped
n three sets of the same size. Hence, one third (13 studies corre-
ponding to 33.3%) use standard Architecture Description Languages
33 
 ADLs (e.g., UML, SysML, and AADL) [79,87,91,92,95,96,106,110–
13,115,116] , another third does not explicitly use a standard ADL to
odel the architecture [80–82,88,93,94,97,99–102,109,114] , and the

hird, does not indicate the architectural description language used
78,83–86,89,90,98,103–105,107,108] (None of the selected studies
sed a process algebra ADL). A possible reason for 26 studies not adopt-
ng nor defining an ADL could be because an ADL needs to capture de-
ign decisions judged fundamental to satisfy different stakeholder con-
erns [33] and also because it is difficult to capture all the different
oncerns with a unique language [34] . 

hat is the level of automation of the supporting tools? Of the 39 se-
ected studies, 18 (46.1%) are partially automated [79,81–83,87,89–
3,95,96,99,109,112,113,115,116] , 8 (20.5%) are not automated
78,97,98,100–102,110,114] , and 13 (33.3%) do not mention support-
ng tools [80,84–86,88,94,103–108,111] . Given the strong dependency
etween the resulting architecture and the architect’s tacit knowledge,
t is not surprising that we could not find a complete, fully-fledged au-
omated approach. An important fact found in studies offering some
evel of automation is that they all propose rules to transform a specific
equirements into a specific architectural model. The generated model
s then analyzed manually by the architect, and improved where neces-
ary. This requires a considerable effort from the architect. Additionally,
here is a lack of tools supporting the activities related to architectural
ecision making. 

.5. Validation 

ow is the method evaluated? The goal is to identify the types of empiri-
al approaches used in the evaluation of the approaches proposed by the
9 selected studies. The result shows that 9 (23%) were illustrated with
in some cases simple) examples [78,80,82,85,96,98,100,110,114] ,
 (7.6%) were evaluated in experiments [89,95,113] , and that 7
17.9%) were not evaluated [86,103–105,107,108,111] . Although



E. Souza, A. Moreira and M. Goulão Information and Software Technology 109 (2019) 26–39 

Table 10 

Mapping primary study views to Kruchten 4+1 views; when authors tackle more than one view, we address each sequentially. 

Study Views in primary studies 4+1 views Observations 

[78] < not named > Development view The study describes the organization of software modules using 
architectural styles, so the mapping to Development view. 

[79] Variability view and 
component-connector view 

Not mapped and development view The variability view shows the common features among different 
software products. The 4 + 1 approach does not contain this 
view. The component-connector view describes the organization 
of software modules (thus, development view). 

[80] < not named > Process view and logical view The study discusses information flows (hence mapped to process 
view) and supports functional requirements through class 
diagrams (hence, logical view). 

[81] < not named > Process view and development view The study addresses information flows through sequence diagram 

(process view) and describes the organization of software 
modules (development view). 

[82] < not named > Logical view The study describes a logical view with different abstraction levels. 
The first one abstraction defines the internal behavior of an 
object with state chart diagrams and another one supports the 
functional requirements through class diagrams. 

[83] < not named > Not mapped, process view and logical view The study has a variability view (so not mapped), represents the 
information flows through collaboration diagrams (process view) 
and supports functional requirements with class diagrams 
(logical view). 

[84] Micro and macro views Not mapped and not mapped The study describes a macro and a micro architecture views, 
showing the context of software architecture. 

[85] Development view, process view, 
physical view, logical view, 
and scenario view 

Development view, process view, physical view, 
logical view, and scenario view 

The study uses the 4+1 approach. 

[86] < not named > Not mapped The study does not describe details of the architecture that is 
generated by the method. 

[87] < not named > Process view and development view This study describes two views. The first shows the information 
flows using activity diagrams (process view), and the second 
shows the organization of software modules using a 
component-connector diagram (development view). 

[88] < not named > Development view, process view, physical view, 
logical view, and scenario view 

The study uses the 4+1 approach. 

[89] < not named > Development view The study describes the organization of software modules through 
the choice of architectural styles. 

[90] < not named > Development view The study shows the software modules extracted from textual 
requirements. 

[91] Structural view, behavioral view, 
deployment view, and 
development view 

Development view, process view, physical view, and 
not mapped 

The study does not give details about its development view. 

[92] Structural view and behavioral 
view 

Development view and process view The structural view describes the organization of software modules 
using component-connector diagram (development view) and the 
behavioral views shows the information flows through sequence 
diagram (process view). 

[93] Internal view and external view Not mapped and development view The internal view is related to source code (not mapped) and the 
external view shows the organization of software modules using 
component-connector diagram (development view). 

[94] < not named > Development view The study shows software modules organization using a 
component-connector diagram (development view). 

[95] Variability view, functional view, 
quality view, and 
transformation view 

Not mapped, development view, not mapped, and not 
mapped 

Variability view describes the common features among different 
software products. Quality view represents the relevant system’s 
quality attributes. Transformation view relates to model-driven 
techniques supporting model transformations. These three views 
do not map to any of the 4+1 views. 

[96] Logical view Development view The view shows the software modules organization with a 
component-connector diagram (development view). 

[97] < not named > Development view The study shows software modules organization with a 
component-connector diagram (development view). 

[98] Structural view and behavioral 
view 

Development view and process view The structural view describes the organization of software modules 
using component-connector diagram (development view) and the 
behavioral views shows the information flows through state chart 
diagram (process view). 

[99] < not named > Development view The study shows software modules organization using a 
component-connector diagram (development view). 

[100] Structural view and behavioral 
view 

Development view and process view The structural view describes the organization of software modules 
using component-connector diagram (development view) and the 
behavioral views shows the information flows with sequence 
diagram (process view). 

[101] < not named > Development view The study shows software modules organization using a 
component-connector diagram (development view). 

[102] Modular view and 
component-connector view 

Logical view and development view The modular view supports the functional requirements through 
class diagram (logical view) and the component-connector view 

shows the organization of software modules (development view). 

( continued on next page ) 

34 
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Table 10 ( continued ) 

Study Views in primary studies 4+1 views Observations 

[103] Modular view, 
component-connector view, 
and allocation view 

Process view, development view, and physical view The modular view describes the reasoning about the system 

information flow (process view), component-connector view 

shows the organization of software modules (development view), 
and allocation view shows how software elements will be 
allocated to hardware elements (physical view). 

[104] Customer view, application view, 
functional view, conceptual 
view, and realization view 

Not mapped, scenario view, not mapped, development 
view, and physical view 

The customer view is used to identify the major stakeholders who 
influence the system development. Functional view intends to 
describe the externally perceivable properties of the system. Both 
views are not in 4+1 approach. The application view describes 
the scenarios necessary to satisfy the customer’s need (scenario 
view). The functional view shows gives an overview of all 
relevant features (development view). The realization view is 
related to the selection of hardware to satisfy the system features 
(physical view). 

[105] Development view, process view, 
physical view, logical view, 
and scenario view 

Development view, process view, physical view, 
logical view, and scenario view 

The study uses the 4+1 approach. 

[106] Crosscutting view, runtime view, 
deployment view, and 
conceptual view 

Not mapped, process view, physical view, and logical 
view 

The crosscutting view shows general information about the 
reference architecture, such as terms/concepts and variabilities 
(not mapped). The runtime view shows the dynamic behavior of 
systems using intern block diagrams (process view). The 
deployment view describes the hardware (such as, server 
machines, database servers, and client machines) using package 
diagrams (physical view). The conceptual view shows the module 
decomposition using block definition diagram (logical view). 

[107] Conceptual view, modular view 

and execution view 

Physical view, development view, and logical view The conceptual view gives an overview of the system showing the 
hardware needed to execute the software modules (physical 
view). The modular view describes the domain specific modules 
(development view). The execution view details the modules, 
showing their internal behavior (logical view). 

[108] Development view, process view, 
physical view, logical view, 
and scenario view 

Development view, process view, physical view, 
logical view, and scenario view 

The study uses the 4+1 approach. 

[109] < not named > Development view The study describes software modules organization with 
component-connector diagram (development view). 

[110] < not named > Logical view The study describes functional requirements using class diagrams 
(logical view). 

[111] Development view, process view, 
logical view, and scenario view 

Development view, process view, logical view, and 
scenario view 

The study uses the 4+1 approach, but does not present the 
physical view. 

[112] < not named > Development view The study describes software modules organization with 
component-connector diagram (development view). 

[113] < not named > Logical view The study describes the architecture through class diagram (logical 
view). 

[114] Requirements and architectural 
views 

Logical and development views The study describes an architecture through class diagram (logical 
view) and component-connector model (development view). 

[115] < no named > Development views The study describes the software architecture using AADL 
(development view). 

[116] < no named > Development views The study describes the architecture through a component diagram 

(development view). 
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11 This is a method based on SAAM [37] , a precursor of ATAM. 
12 Architecture defined only conceptually or with a high-level structure. 
he authors of the remaining 20 (51.2%) studies claim their
pproaches are evaluated with case studies [79,81,83,84,87,88,
0–94,97,99,101,102,106,109,112,115,116] , these are, in fact, illustra-
ive examples (or else the details of the case study are not given in the
aper). The conclusion is that, in general, there is a lack of strong and
igorous empirical evidence. For example, no study describes what hy-
otheses are being evaluated (case study design), what data is collected,
r how the data analysis is performed to check if the purpose of the case
tudy has been reached. 

A final fact indicates that 27 (69.2%) of the evaluation ap-
roaches were performed in academia [78–80,82,85,87,90–
2,94–102,106,109–116] , 8 (20.5%) have their roots in industry
81,83,84,88,89,93,106,112] , and 2 [106,112] have academic and
ndustrial case studies. 

ow is the quality of the method’s output validated? Despite recent stud-
es showing that ATAM (Architecture Tradeoff Analysis Method) [35] is
he most used and mature architecture assessment method [36] , only 4
10.2%) of the selected studies use it, or suggest its use [85,86,96,110] .
35 
n addition, Sánchez et al. [92] uses ASAAM 

11 (Aspectual Software
rchitecture Analysis Method [38] ), Tian et al. [111] uses SAAM,
nd Dai and Cooper [82] uses FDAF (Formal Design Analysis Frame-
ork) [39] . We found that 8 (20.5%) of the studies use different

cenario-based approaches in an attempt to evaluate the architectural
odel early in the development 12 [83,88,89,91,95,105,106,114] and 21

53.8%) of the studies do not inform about the evaluation method that
an be used with their approaches [78–81,84,87,90,93,94,97–104,107–
09,112,113,115,116] . 

. Overview of the results 

The major findings discussed in some detail for Context ( Section 3.2 ),
enefit to the users ( Section 3.3 ), Content ( Section 3.4 ) and Validation
 Section 3.5 ) are summarized next. 
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.1. Context 

None of the approaches analyzed are concerned with supporting the
rchitects’ design decisions or increasing the quality of the artifacts.
ll of the approaches are methodology-specific (e.g., aspect-oriented).
round 51% of the methods use textual specifications as their input,
nd 65% of these structure the requirements using use cases or some
ther intermediate model. Finally, there is a lack of approaches to build
rchitectural models considering external non-functional requirements.

.2. Benefit to the users 

Given that several studies address more than one benefit (e.g.,
80,84,85,91–96,98,99,102,103,105,107,108,110–113] ), the sum of
he number of studies in the following analysis is larger than the to-
al number of analyzed studies. Overall, 33 studies (84.6%) focus on
he derivation of the software architecture from the requirements, 12
30.7%) are concerned with understanding the requirements specifica-
ion, another 12 aim at providing decision making support, 6 (15.3%)
ocus on the reuse of architectural knowledge, 2 (5.1%) aim at facilitat-
ng the modularization of software architecture, and one (2.7%) focus
n providing traceability support between requirements and architec-
ure. Although decision making support and architectural knowledge
euse are considered benefits of some studies, it is noticeable that all
he studies are strongly based on the architect’s experience. Only 18%
f the studies acknowledge their limitations, which include immaturity
f the approach, lack of supporting tool, poor requirements understand-
ng process, undetailed decision-making process, inconsistency between
he artifacts, semantic loss, and lack of traceability between models. 

.3. Content 

A point worth highlighting is the apparent confusion and lack of
tandardized terms. We argue that the architecture of a software system
s a complex task that cannot be described in one single model. Per-
aps this is why ISO [40] does not commit itself to any particular views
or software architecture description. This lack of standardized terms in
oftware architecture reduces understandability and makes the commu-
ication between the involved stakeholders inefficient and error-prone
41] . Our analysis also shows that 66.6% of the studies did not use a
tandard ADL and that an effort is needed to develop supporting tools
1/3) of studies do not have or do not mention support tools. Standard-
zation of terms would facilitate the adoption of ADLs. We also observed
hat the methods can hardly be used by novices or less experienced soft-
are architects due to lack of detail (the methods are strongly based
n the architects’ tacit knowledge and lack of systematization) and tool
upport, as only 46.1% is partially automated, 20.5% is not automated,
nd 33.3% do not offer information about tools. 

.4. Validation 

Case studies is the most used mean for evaluation (mentioned in
1.2% of the studies analyzed). However, in most cases, these case
tudies are examples to illustrate the approaches. This state of prac-
ice should be improved with the adoption of stronger qualitative and
uantitative evaluation methods. Regarding validation, 53.8% of the ap-
roaches do not provide an explicit way to evaluate the software archi-
ecture against the requirements specification. 

. Validity threats and their mitigation 

nternal validity. Due to the large number of definitions for the same
oncept, there is the risk of not including relevant studies. The terms
sed in this study were reviewed by external reviewers as recommended
n [17] . We also performed a pilot study to validate the use of the terms
nd applied snowballing to add relevant studies cited by the authors of
36 
ncluded approaches. We used the test-retest strategy on a random sub-
et of selected studies to assess consistency of the selection process as
ecommended in [17] . Additionally, we included studies suggested by
xperts, as also recommended in [17] . Regarding the mapping study,
e performed two evaluations: we analyzed if the results found in the
ilot execution were consistent with the results of the final implemen-
ation, and we asked the three external reviewers to check, for a sub-
et of papers, if there were interpretation problems. Subjectivity could
e another threat happening during planning and execution due to the
ength of this study. We were so totally immersed in the work that ob-
ectivity could be thought as an issue. To mitigate this, we used three
xternal reviewers to evaluate all the phases of the protocol. Addition-
lly, we used Fabbri’s best practices checklist [25] to check our work.
 final threat concerns the quality of the selected papers for analysis
nd data extraction, as there is no agreement of how this task should be
erformed. To mitigate this risk we chose only peer-reviewed papers,
sed the QualityScore approach to reduce the subjectivity of the anal-
sis, and used quality assessment criteria based on bibliometric impact
nformation (approach widely used in systematic reviews published in
he literature). 

xternal validity. We could have missed venues (e.g., conferences, jour-
als) with relevant published works or have not analyzed relevant arti-
les due to their unavailability. To avoid the first issue, we did not re-
trict our searchers to venues where more work related to our research
as found. We searched in four major digital libraries for relevant re-

ated work, and the external reviewers assessed whether these libraries
ere sufficient for our study and suggested some additional venues to
e considered. These venues were used to crosscheck that they were
eing indexed by the digital libraries. Regarding the issue of unavail-
ble papers, it has been mitigated by requesting the articles directly to
he authors through the ResearchGate website and by email. Although
he number of articles not available is small (only 2), we can only ana-
yze the studies that we can find. 

onclusion validity. The main conclusion validity threat is the data col-
ection. Since we do not know how the digital libraries’ search engines
ork, we run the risk of getting different results for each search (even
ecause libraries can index new articles daily). Therefore, we ran the
earch string and, to eliminate the possibility of changes to the list of
rticles returned by the digital libraries, stored the returned studies in a
ibliography management tool 13 for later analysis and data extraction.
o mitigate the issue about the data extraction, we decomposed the re-
earch question according to the four dimensions recommended by the
IMSAD framework [24] (e.g., Context, Benefits to the User, Content,
nd Validation) and structured a spreadsheet workbook as a form in or-
er to receive the data necessary to answer the research question, as
ecommended in [17] . In this way, we know precisely what we want
o extract from the articles and how to store the extracted data in an
rganized way. 

. Research roadmap 

The previous discussions of the results and major findings highlight
everal open issues, suggesting worthwhile topics for future research. In
articular: 

1. Specific domains. The studies analyzed are typically methodology-
specific (see Section 4.1 ). However, paradigms and technological
platforms change over time and with technological evolution. We
believe that developing approaches for specific domains could be
seen as a means to collect systems’ resources and capabilities to cre-
ate new and more complex systems, such as systems of systems. 

http://www.papersapp.com
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2. Approaches addressing a wider range of NFRS, particularly ex-

ternal NFRs. Most studies about the success factors of a software
development project indicate that the key critical factors lie in the
external non-functional requirements, such as business values satis-
faction [42–44] (see Section 4.1 ). For example, the Standish Group
CHAOS reports state that most software design defects are caused by
value-oriented weaknesses [43] . A related relevant topic is to take
into account the NFRs (intrinsic) conflicting nature, and study the in-
fluence these conflicts have on the architectural decisions and their
consequent impact on the final architectural solution. Particularly,
more research is needed to investigate the relationships between ex-
ternal NFRs and the software architecture. 

3. Understand the methods’ limitations. Only 18% of studies ac-
knowledge their limitations (see Section 4.2 ). This may be due to
immaturity of the area or due to the level of complexity involved.
The fact is that researchers and practitioners should be encouraged
to report the limitations and weaknesses of their approaches as these
are essential to build a sound body of knowledge. 

4. Standards or common understanding. The lack of standardized
terms, or at least common agreements, reduces understandability
and makes the communication between the involved stakeholders
inefficient and error-prone [41] (see Section 4.3 ). Initiatives such
as the Software Engineering Institute catalog of different definitions
for the term ”software architecture ” should be more encouraged
[45] . This standardization of terms is fundamental for an established
body of knowledge, hence beneficial to all software architecture re-
searchers and practitioners (particularly the less experienced ones). 

5. Make explicit tacit knowledge. Most of the methods can hardly
be used by novices or less experienced architects (see Section 4.3 ).
These methods provide only a coarse-grained description of the pro-
posed method, hence making replication impossible or at least too
difficult. This may be because they are currently based on the experi-
ence and intuition of the authors. Thus, authors must share the pro-
cess in which a software architecture is built, by providing the steps
that must be executed, together with the guidelines and heuristics
required to achieve the goal of the method. 

6. Tool support. From the analyzed approaches, 1/3 does not offer or
mention supporting tools (see Section 4.3 ). Thus, there is a need to
develop tool support to facilitate the architects’ activities. For ex-
ample, tools able to suggest the best suited patterns and styles for
a given application domain, or to handle specific NFRs to support
decision-making activities and decrease the dependence on experi-
enced architects. Such tools could explore artificial intelligence tech-
niques, for example, to create a knowledge base and investigate rec-
ommendation algorithms based on the architects’ knowledge. 

7. Evaluation methods. A total of 51.2% of the approaches indi-
cate being evaluated using case studies. However, these case stud-
ies are relatively simple illustrations of the authors’ approaches (see
Section 4.4 ). This state of practice should be improved with the adop-
tion of stronger qualitative and quantitative methods to support the
evaluation. 

8. Requirements satisfaction. More than half of the studies (53.8%)
do not provide an explicit way to validate the resulting software ar-
chitecture against the requirements specification (see Section 4.4 ).
The existing methods must evolve to facilitate the evaluation of ar-
chitectural models in the early stages of the development life cycle,
or new ones should be created. This should contribute to identify
major technical risks, allowing their mitigation at a minimal cost. 

. Related work 

We found 31 systematic reviews and mapping studies on software
rchitecture in literature [39–68, 70], focusing on developments in ar-
hitectural design, analysis and evaluation, These studies include a wide
ange of topics, such as metrics definition and methods for architectural
valuation [46–53] , quality attributes analysis [51,52,54–60] , design
37 
trategies for specific types of development environments (e.g., cyber-
oraging [61] , model-driven development [55] , automotive open soft-
are architecture [62] , component-based architecture [46,63] , service-
ased architecture [58,64–67] , decision support for clinical systems
67,68] , computer game architecture [69] ), benefits and best practices
f use of reference architectures [64,70–72] , use of architectural pat-
erns [71,73] , architecture erosion [74] , and human aspects in software
rchitecture decision making [63,75] . However, even though several
orks discuss requirements at the architectural level, they do not ad-
ress our research questions. 

Tofan et al. [56] performed a mapping study on architectural deci-
ion making, showing that there is much interest in documenting archi-
ectural decisions to reduce the “architectural vaporization knowledge ”
uring the evolution of the architecture. Architectural vaporization is
he loss of tacit architectural knowledge throughout the software life cy-
le, and some reasons for this are listed in [76] . However, these works do
ot discuss whether there is an interest in documenting architectural de-
isions to build new similar systems. We believe that this type of knowl-
dge can facilitate software development and reduce the involved risks.
inally, Li et al. study the application of knowledge-based approaches
n software architecture, and discuss the lack of supporting tools that
se a knowledge base for these activities [77] . Thus, reusing knowledge
bout decision-making and evaluation is still a topic deserving further
esearch. 

. Conclusions 

The goal of this paper is to provide a comprehensive overview of
he existing methods for the derivation of software architecture mod-
ls from requirements specifications. To achieve this, we performed a
ystematic mapping study to find empirical evidence about software ar-
hitecture derivation methods, classifying them with respect to their
ontext, benefits to the user, content and validation. The end result is
n overview of the current practice on deriving architectural models
rom a requirements specifications, both in industry and academia. The
vidence found indicates that the studied methods have been strongly
ased on the architects’ tacit knowledge, without enough systematiza-
ion and tool support. Also, the lack of standardized terms in the defi-
itions of software architecture concepts was noticeable. Finally, early
rchitecture evaluations are not sufficiently supported by the existing
rchitecture evaluation methods. These and other open issues identified
ere used to offer a research agenda. 

In the near future work, we will focus our research on the system-
tization of the manner in which a software architecture is built (corre-
ponding to item 5 of the research roadmap). Also, we will contribute to
mprove the state of practice with the conduction of controlled exper-
ments to evaluate some methods for software architecture derivation
item 7 from the research roadmap), as recommended by the Evidence-
ased Software Engineering community. 
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