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Abstract
Context: Model-Driven Development (MDD) and Service-Oriented Architecture (SOA) are two
challenging research areas in software engineering. MDD is about improving software development whilst SOA is a service-based conceptual development style, therefore investigating the
available proposals in the literature to use MDD when developing SOA may be insightful. However, no studies have been found with this purpose.
Objective: This work aims at assessing the state of the art in MDD for SOA systems. It
mainly focuses on: what are the characteristics of MDD approaches that support SOA; what
types of SOA are supported; how do they handle non-functional requirements.
Method: We conducted a mapping study following a rigorous protocol. We identified the
representative set of venues that should be included in the study. We applied a search string over
the set of selected venues. As result, 129 papers were selected and analysed (both frequency
analysis and correlation analysis) with respect to the defined classification criteria derived from
the research questions. Threats to validity were identified and mitigated whenever possible.
Results: The analysis allows us to answer the research questions. We highlight: 1) predominance of papers from Europe and written by researchers only; 2) predominance of top-down
transformation in software development activities; 3) inexistence of consolidated methods; 4)
significant percentage of works without tool support; 5) SOA systems and service compositions
more targeted than single services and SOA enterprise systems; 6) limited use of metamodels; 7)
very limited use of NFRs; 8) limited application in real cases.
Conclusion: This mapping study does not just provide the state of the art in the topic, but also
identifies several issues that deserve investigation in the future, for instance the need of methods
for activities other than software development (e.g., migration) or the need of conducting more
real case studies.
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1. Introduction
In the last decade we have witnessed the emergence of Service-Oriented Computing (SOC).
Papazoglou and Georgakopoulos defined SOC as the computing paradigm that utilizes services
as fundamental elements for developing applications [1]. The adoption of SOC impacted over the
full application development lifecycle, from requirements engineering to implementation, maintenance and testing. Service-oriented applications are structured using a Service-Oriented Architecture (SOA) whose foundation includes basic services, their descriptions, and basic operations
(publication, discovery, selection, and binding) that produce or utilize such descriptions [1].
The study of SOA has attracted a lot of attention from researchers and practitioners. Principles,
metamodels, languages, technologies, methods, patterns, etc., for SOA have been and are being
proposed continuously and have yield to an extensive body of knowledge. A particular issue
has to do with the relationship of SOA with other orthogonal software engineering streams.
One of such streams is Model-Driven Development (MDD). According to Mellor et al., MDD
pushes the vision that we can construct a model of a system and then transform it into the real
thing [2]. It is clear that the use of MDD in the context of SOC may deliver powerful software
engineering methods. In fact, OMG released in 2012 a standard named SOA Modeling Language
(SoaML [3]) which links SOA and MDD. A question that may arise naturally is: to what extent
MDD is currently used for developing SOA-based applications? The goal of this paper is to
answer this question in detail.
For attaining this goal, we search, analyse and discuss the different approaches that have been
proposed in the scientific literature related to this question by performing a mapping study. A
mapping study (MS) is a form of systematic literature review (SLR) that aims at identifying and
categorizing the available research on a broad software engineering topic [4]. MS are intended to
provide an overview of a topic area and identify whether there are sub-topics with sufficient primary studies to conduct conventional SLRs and also to identify sub-topics where more primary
studies are needed. MS use the same basic methodology as SLRs.
The rest of the paper is structured as follows. In Section 2, we summarize the key points of
both SOA and MDD. In Section 3, we describe the protocol used for developing the mapping
study. Section 4 is the core of the paper, where we show the observations that emerge from
conducting the study, and provide some interpretations of these observations. In Section 5 we
include some discussion and, finally, Section 6 presents the conclusions and future work.
2. Background
2.1. Service-Oriented Architecture
Service-Oriented Architecture (SOA) is a software architectural style that uses services as the
main building component [5]. A service, as a software component, is a mechanism to enable
access to one or more capabilities [6].
SOA applications are normally developed under the guidance of an SOA reference model.
A reference model depicts the common characteristics or general structures that can be applied
to numerous instances within a specific domain (vertical-industry). The purpose of an SOA
reference model is to describe the important concepts and relationships in a specific domain (e.g.,
healthcare or logistics) and organize SOA functionality at the most appropriate level of detail,
independent of the technologies, protocols, and products that are used to implement the domain.
As such it provides best practices that are used as basis for sharing and agreeing on core processes
allowing consistent process/service flows to be created that address application needs. It divides
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process flows into logical groupings called layers and defines a layered architecture. A layered
SOA reference model inter-relates entities in an SOA development effort (such as processes,
services, service implementation and component modules) and helps streamline, discipline and
structure the work of software professionals who aim to create successful and widely used SOAbased applications.
Some of the most distinguishing characteristics of SOA are [5]:
Reusability: Since services are defined as autonomous software components that expose some
generic, well-defined functionality, it should be easy to reuse them in a different context or
project.
Scalability: Services can be deployed in more than one place. This characteristic brings many
opportunities, for instance, the possibility of increasing the number of available services
when there is more user demand.
Flexibility: SOA provides means to publish and discover new services. These facilities allow
adapting the service compositions of the architecture in order to fulfil some goal at runtime, normally related to some non-functional requirement (NFR), e.g., performance. The
flexibility of SOA is highly aligned with business principles (e.g., service provider and payper-use). This alignment with business is one of the keys to its success.
Service-Oriented Computing (SOC) is the development paradigm that uses SOA as the reference architectural style [1]. SOC promotes the use of dynamic service compositions of two kinds.
In orchestration, a central service orchestrates several other services in a process flow. WS-BPEL
is the common language to specify a process flow in the SOA context and also BPMN is used to
specify orchestrations. In choreography, the interaction is not centralized and each service that
takes part in the choreography has some protocol to follow. In this case the used languages are
more varied: BPMN, WS-CDL, or the adaptation of BPEL for choreography (BPEL4Chor).
SOA is a technology-independent architectural style, although its most common implementation relies on Web Services (usually adhering to W3C or RESTful protocols). A Web Service
developer has to cope with a huge amount of standard notations such as WSDL, UDDI, SOAP,
XML, WS-Security, WS-BPEL, etc. In consequence, the learning curve of this technology is
quite large. This is one of the main reasons that open the space for the adoption of MDD approaches.
2.2. Elements of SOA-based applications
This section provides a brief overview of the essential elements involved in an SOA application. These are summarized and illustrated in Figure 1 and described below.
One of the most important points in Figure 1 is that we concern ourselves with two types of
SOA applications: process-centric vs. data-centric. These two types of SOA have fundamentally
different interfaces.
Process-centric SOA applications revolve around service aggregations. These are, in effect,
orchestrations of multiple simpler services or business processes that can be located virtually
anywhere and implemented in a variety of ways. The process-centric SOA interface provides
functionality centred around business processes (as encapsulations of service orchestration) and
roles and responsibilities, which govern business processes. Languages such as WSDL and
BPEL usually typify this interface. Service orchestration is often vertical in nature, specific to a
business function.
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Figure 1: Essential elements involved in an SOA application [7]

The value obtained from service orchestration, however, hinges on the quality of the data that
flows through the orchestrated services. To achieve the business benefits expected from SOA
initiatives, enterprises must include a strong data-oriented perspective in their work. Enterprises
must therefore take a horizontal view of the organization at a data level, to identify and implement data management functionality as services, and to store the data such that it meets broader
corporate requirements. In data-centric SOAs provide a consistent, accurate and complete view
of the most important data in an organization matters most. A data-centric SOA pushes the concepts of SOA into the data tier, creating reusable data services that can be leveraged in a business
process orchestration or a composite application. Consequently, managing, in a single place, the
uniqueness, integrity and interrelationships of organizational data becomes the most important
mission of data-centric SOAs. This is typified by the data-centric SOA interface which supports
data transformation and data integration functionality.
For developing and managing SOA applications, operational control and visibility becomes
an important and complex issue [8]. This is due to the fact that SOA applications integrate
multiple discrete services and/or applications that are incorporated into the SOA fabric. In an
SOA application the notion of SLA is an instrument that makes it possible to exercise operational
4

control and achieve visibility of composed end-to-end services [9]. It formally specifies the exact
conditions (functional, non-functional, partner behaviour, regulatory requirements, sanctions,
etc) under which the services are delivered to a client.
SOAs are typically implemented using an Enterprise Service Bus (ESB) and more recently
cloud computing technology. An ESB provides the necessary infrastructure to create a SOA
by providing a backbone for connecting and integrating an enterprises applications and services [10].
A maturity model is benchmark for both evaluating and assessing the current maturity state
of an SOA. An SOA maturity model includes goals, characterization of the scope and business
benefits of each level of SOA development, e.g., cost reduction or business responsiveness, the
important industry standards, key practices, and critical success factors, both technological and
organizational. It provides a procedure to create a roadmap for incremental adoption which
maximizes business benefits at each stage and optimizes processes along the way.
The final element in Figure 1 is SOA governance. SOA governance ensures that the services
and SOA solutions within an organization are adhering to the policies, guidelines and standards
that are defined as a function of the objectives, strategies and regulations applied in the organization. The goal of SOA governance is to ensure consistency of the service and solution portfolio
and the SOA development lifecycle processes. One of the key objectives of the SOA governance
is to support the target SOA maturity level of the organization.
2.3. Model-Driven Development
Model-Driven Development (MDD) can be defined as “the notion that we can construct a
model of a system that we can then transform into the real thing” [2]. It is a generalization
of the OMG’s Model-Driven Architecture (MDA) initiative [11], which is proposing since late
1990’s a comprehensive approach to develop, analyse and reason about software, specifications
and related artefacts. Integration and interoperability are main targets of MDD and the use of
models is the technical way to achieve these goals.
MDD goes through different levels of abstraction, from the very business model (the so-called
CIM, Computation Independent Model) to the final executable code. In the middle, a PIM (Platform Independent Model) and a PSM (Platform Specific Model) are designed [11]. The CIM
describes the context and requirements of the system but does not address its structure or processing. The PIM considers the operational capabilities of the application in a platform-neutral
way showing only those parts that can be abstracted out of any platform. A PSM adds to a platform independent model the details relating to the use of a specific platform or set of platforms.
Given the intensive use of models, there is general agreement that metamodeling is an essential
foundation for model driven development [12].
Defining the corresponding transformation rules, it is possible to relate and to derive (semiautomatically) a target model from a source one. When performing a classical top-down development, the process starts with a CIM and transform it into a PIM and then into a PSM. Finally, the
executable code can be generated from the PSM (though, in some cases, the intermediate models
may also be executable to some degree), usually with some tool-support that allows automating
partially this last step. There can also be contexts in which the interest is to derive a PIM from
another PIM or even from a PSM. In fact, any kind of transformation may be useful, depending on the targeted activity (reverse engineering, integration of legacy systems, coordination of
services, etc.).
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Table 1: Research questions of the mapping study

RQ 1. — What are the characteristics of MDD approaches that support SOA?
RQ 1.1. — Which methods are applied by these approaches?
RQ 1.2. — What are the main characteristics of the MDD process?
RQ 1.3. — What are the input and the output of the MDD approach?
RQ 1.4. — Do the approaches report tools?
RQ 1.5. — Have the approaches been applied to real cases?
RQ 2. — What SOA types are supported?
RQ 2.1. — What types of SOA are generated by the MDD approach?
RQ 2.2. — What SOA elements are explicitly modelled in the MDD process?
RQ 3. — Do these approaches deal with NFRs?
RQ 3.1. — What types of NFRs are supported by the MDD approach?
RQ 3.2. — What notations are used to specify NFRs?
3. Planning of the Mapping Study
In this section we describe the planning of the MS. We have adopted both the guidelines
proposed by Kitchenham et al. for the development of SLR [13, 14] and those described in [15, 4]
for the development of mapping studies.
3.1. Research Questions
Table 1 presents the research questions. In this MS, we focus on MDD approaches related to
SOA, so RQ1 is to determine how SOA is currently supported by MDD techniques. This RQ is
operationalized through other, more concrete ones: first, we want to create a clear mapping of the
methodologies used behind each approach (e.g., in many cases the approach is a specialization of
a more generic one); second, we are interested in the type of transformation presented (e.g., from
PIM to PSM); and third, we want to know exactly what inputs are required and what outputs
are obtained (in particular the types of models involved). Also, we also differentiate between the
theoretical framework and the implemented tool when it exists. Last, we analyse the application
of the approach to real cases.
In RQ2 we are interested in getting more details of the SOA that is produced by the MDD
process. As before, we decompose this RQ into: first, what type of SOA system is generated by
the MDD process (e.g., single service, composition of services, full SOA system); second, what
type of elements may be part of the generated system. As part of this last RQ, attention will be
paid to see if the approaches incorporate some metamodel that articulates the MDD process.
SOA systems’ success greatly depends on the fulfilment of the elicited NFRs (that eventually
are operationalized into SLAs). But on the other hand, we observed that MDD approaches do
not usually consider NFRs in the process [16]. We have considered then RQ3 exploring this
issue. To answer this question we need to know: first, what types of NFRs are supported by the
approaches found (e.g., security, usability, etc.); and second what notation do they use to specify
the NFRs (e.g., some UML profile).
We also included Additional Questions (AQs) to show some aspects that, not being related to
the main topic of the MS, are still relevant to get a picture of the addressed field (see Table 2).
Adding this kind of questions is a common practice, and it is recommended by the MS theory [4].
With this questions we investigate the distribution of the studies on the topic concerning venues,
countries, and academy vs. industry.
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Table 2: Additional questions of the mapping study

AQ 1. — How publications in the topic are demographically distributed?
AQ 1.1. — In which type of venue are articles mostly published?
AQ 1.2. — How the number of publications has evolved over the years?
AQ 1.3. — Which is the geographical distribution of published articles related to the topic?
AQ 1.4. — How are publications distributed between academy and industry?

3.2. Keyword selection and search string
We have focused on the population dimension [13, 14] considering its application area vision.
Since in fact we are interested in two areas altogether, the search string is clearly a conjunction
of the two corresponding populations:
search string = SOA population AND MDD population
Concerning the SOA population, we have considered that SOA itself should be a recurrent
keyword on the targeted approaches but, just to make sure, we have widened the search by
including a more open keyword, with the prefix service:
SOA population = service* OR SOA
As for the MDD population, the situation may be more diverse. First, MDD itself is not a
universally-agreed string. In the OMG context (and even outside, sometimes unintendedly) we
may find MDA, and even some consider MDE. Second, some authors focus on language aspects
of the involved models. Third, some papers put the emphasis on metamodels and it becomes
necessary to include explicitly this situation. As result, the string is:
MDD population = MDA OR MDD OR MDE OR model driven OR model* language* OR
meta model* OR metamodel*
3.3. Selection of digital libraries
For the selection of digital libraries we determined a set of representative venues for SOA and
MDD (Step 1) and then selected the digital libraries that cover these venues (Step 2). It is worth
to remark that our scope is not limited to the list of venues identified in Step 1; these venues
represent the minimal coverage of the literature that we can guarantee in this study.
For Step 1, we targeted four categories or sources. The first three categories are directly related
to the topic of the study: 1) MDD (including Modelling Languages because of the metamodel
topic); 2) SOA and SOC; 3) Requirements Engineering (since NFR is too narrow as category).
A fourth category that includes these three is Software Engineering and Information System Engineering in general. To identify the appropriate sources on these categories, we complemented
our own knowledge with experts’ opinion from the involved fields and we also checked some
other resources like interest groups (e.g., IFIP WG on Services-oriented Systems1 ). During this
activity, we also concluded that 2003 would be the starting year of the review, since this was the
year when the oldest SOC-specific conferences started. Table 3 shows the sources selected.
1 http://home.dei.polimi.it/baresi/ifip
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Table 3: Journals and conferences selected
Conferences

Topic

Journals

MDD/Modelling
SOA/SOC
RE
SE/ISE

DKE, SoSyM
IJCIS, Internet Comp., SOCA, TSC, TWeb
REJ
Computer, IBM Systems J., IST, JSS,
Software, TOSEM, TSE

ECMFA, ECMT, ER, MoDELS
ECOWS, ICSOC, SCC, ServiceWave, SOCA
RE
CAiSE, ESEC/FSE, FASE, ICEIS, ICSE

For Step 2, we checked the availability in digital libraries of the papers of the selected venues.
Almost all of them were indexed in the ISI Web of Science (WoS), so this one was our digital
library of reference. However, we found three situations that required some additional work (see
Appendix A for details on the selected venues):
• Some sources did not appear in ISI WoS. These ones were searched using the search engines
provided by the publishers. For instance, ESEC/FSE was available in the ACM digital
library.
• Some sources appeared in ISI WoS but some particular editions were missing. We used ISI
WoS as primary digital library and used the publisher’s engine for the missing editions. For
instance, this was the case of the ICSE conference.
• One case (ICEIS conference) had 5 editions that did not appear in any digital library. We
searched in the conference website.
3.4. Search strategy
The search strategy was designed to consist of the following steps, which in conjunction to the
definition of the protocol is an adaptation of the steps proposed in [14]:
Step 1. Basic search. Search of all potential candidates. This means:
• Limit the search to papers published from 2003 to 2013. The search in the ISI Web
of Science was performed the 15th of January, 2014.
• Application of the search string over ISI WoS limiting the search to science
databases. This search brings results not only from the sources listed in Table 3,
but also from others venues with papers that match the search string (which are
also considered as part of the MS).
• Application of the search string over Springer, ACM and IEEE digital libraries.
These digital libraries were used to search the editions of the sources identified in
Table 3 not indexed in ISI WoS. Some of these digital libraries had limitations that
required a slight reformulation of the search string into an equivalent or including
form.
• Manual search in ICEIS conference website (that contained title and abstract of
presented papers).
Step 2. Topic area considered. In the case of ISI WoS, refinement of the resulting list considering
only works related to computer science (i.e., the topic areas of Computer Science, Theory
& Methods, Information Systems, Software Engineering, Interdisciplinary Applications,
and Artificial Intelligence were selected). For the digital libraries, where we searched
8
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Figure 2: Results of applying the five steps of the mapping study

particular venues, we directly used the ISBN. The references of works found were saved
as BibTex format. We used the JabRef reference manager software in order to ease the
detection of repetitions when performing subsequent searches.
Step 3. Title and abstract considered. Appointment of one researcher of the team as responsible
to read the title and the abstract and discard those papers not related to the topic of this
study (e.g., we excluded a paper with the title “Educational challenge of health information systems interoperability”). The inclusion/exclusion criteria are shown in Table 4.
The terms SOA and MDD mentioned in these criteria are defined in Section 2. Inclusion
criteria were applied first and, over the selected works, exclusion criteria removed papers
out of scope. We agreed that at this step, only papers clearly not relevant for the purposes
of the study were to be removed, leaving them in the candidate list in case of doubt.
Step 4. Fast reading. Appointment of two researchers to each remaining paper, different from
the one who made the assessment in Step 3. Each of these two researchers is required to
classify the paper as included or excluded based on a fast reading of the complete text
and using the same inclusion/exclusion criteria as for the abstracts. Those papers that
had consensus were either included for the next step or definitively excluded. In case of
conflict, the two reviewers had a face-to-face discussion where the inclusion/exclusion
criteria were examined in depth and then a final joint decision made. Papers that required
some payment subscription that our university does not cover, were requested directly to
authors; some authors did not respond and then their work is not included in this study.
Step 5. Full reading. Appointment of a fourth researcher to each remaining paper, different from
the three involved in steps 3 and 4. As a result we can say that every paper accepted
for analysis was assessed to some extent by four researchers, which allowed insightful
discussions in the last stages of the review.
Figure 2 shows the number of papers that was filtered after each step. The full list of selected
papers in this mapping study is available in Appendix D.
3.5. Classification criteria
In order to analyse the selected papers we defined some classification criteria, categorized into
several values. The values of some criteria were fixed in advance, whilst other emerged in the
analysis phase after reading the papers, this is explicitly declared for each criteria in Appendix
B. In this subsection we introduce these classifications for the RQs and the additional question
and we provide a precise definition to their values.
AQ1. How publications in the topic are demographically distributed?
Venue, Year, Country and Continent are characteristic of MS [4] to complete a thorough analysis of publication distribution, eventually crossing their values with others. The country was
chosen as the country of affiliation of the first author. We went deeper on the venue by identifying its Topic, whose value assignment is (the one that applies most is selected):
• Service-Oriented. Focused on SOC. For instance, ICSOC and IEEE Internet Computing.
9

Table 4: Inclusion/Exclusion criteria

Criteria

Description

Inclusion

The work is about the way to model SOA systems or a concrete aspect of
SOA (e.g., security in SOA)
The work is about a MDD process for developing SOA systems, either in
general or for a specific domain (e.g., only for mobile devices)
The work is about meta-models of SOA
The work is done using SOA but not to produce SOA systems
The work is about constructing SOA systems but there is no evident relation
with MDD
The work is about other aspects of SOA systems that are off-topic
The work only claims that the approach could be implemented with MDD, but
no real work is done in that direction
The topic of the paper is not focused on SOA or MDD but in other area (e.g.,
product lines) and SOA or MDD just appear incidentally
The work is a case study without much explanation about the MDD approach
used
The work is not a research paper (e.g., an editorial for a special issue)
The paper is about the engineering of a particular element of a wider MDD
framework that is not presented in the very paper

Inclusion
Inclusion
Exclusion
Exclusion
Exclusion
Exclusion
Exclusion
Exclusion
Exclusion
Exclusion

• Model-Oriented. Focused on aspects of models. For instance, ER and SoSyM.
• Software Engineering. Covers other areas of Software Engineering, like Requirements Engineering, Testing, etc., or Software Engineering in general. For instance, IST and IEEE
TSE.
• General Computing. Covers Computer Science in general. This includes, for instance, the
IBM Systems Journal or the Conference on the Engineering of Computer Based Systems.
• Other. If the venue relates to other areas of Computer Science or even to areas that are not
related. This includes, for instance, the Conference on Digital Information Management.
Also, AQ1.4 clearly demands a criterion, Orientation, to distinguish papers that come from
academy and from industry. We decided to evaluate this criterion by looking at authors’ affiliation, classifying a paper as academy if all authors come from academy and industry if there is
at least one author from industry. To have an objective criterion, we established that industrial
affiliations are those that specify a company (including research departments of a company), and
academic affiliations are those that specify a university or research institute.
RQ1. What are the characteristics of MDD approaches that support SOA?
To investigate the nature of the method (RQ1.1), we introduced a main criterion, Method,
whose value may be: Proposes new method, Adapts existing method or No method. This last
value corresponds to papers that do not provide insightful information about the method used. In
the case of Adapts existing method, a secondary criterion, Method name, records the name of the
adapted method with the aim of finding out if there are consolidated methods in the field.
10

The two characteristics considered in the MDD process (RQ1.2) are the type of transformation
and type of activity, each of them represented by a single classification criterion. The type of
transformation focuses on the relationship of the input and output models’ abstraction levels
with values top-down, bottom-up or horizontal. The type of activity may take the following
values:
• Engineering. Papers covering a wide spectrum of the software process.
• Development. Papers whose target is building software.
• Specification. Papers coping with the first stages of the software process.
• Integration. Papers willing to put existing software together.
• Migration. Papers giving solution to the change to SOA.
• Others. For instance, papers that address traceability support or reliability prediction of
composite services.
For the characteristics of input and output (RQ1.3), we defined first two dual criteria, Input
model type and Output model type. Their possible values are the types of artefacts involved in
MDD processes, keeping an Others value for very low frequency cases. The use of the Others
value in this question and others later on is almost mandatory to make the application of statistical
analysis possible over this kind of outliers. Since the granularity of the values for these two
criteria is coarse, we complemented them with two more dual criteria, Input notation and Output
notation, to consider the particular notation of the models. In this case, the two criteria have
different possible values, defined in advance according to the most usual scenarios in MDD
processes. Remarkably, the input considers Requirements description as a single notation though
it comprises several ones (mainly textual descriptions) due to the emphasis of our work in the
investigation of NFRs. These criteria are defined as single-valued; for those approaches that
presented more than one type of document, we chose the most dominant one.
The analysis of the proposed tools (RQ1.4) required up to seven classification criteria. First,
Tool and Tool platform work similarly than Method and Method name. These criteria do not
apply to papers that present a position or discuss about general concepts which are a subset of
the papers that have been classified as No method according to the Method criterion. The rest
of criteria collect information about the tool’s input and output. As there is no predominant
type of input, a single criterion, Tool input, was defined with a domain of 20 values (here we
choose the most dominant input type, also note that the input type must be understood in their
broader possible sense, e.g., UML includes MOF and Ecore). Contrarily to this, for the output,
we uncovered three predominant values (Java, WSDL and BPEL) and we defined a fourth value
for Others, with another criterion, Tool output others, that applies in that case for the concrete
generated output. It is worth mentioning that for the statistical analysis stage, we translated
Tool output into three boolean criterion, each for every predominant value (Tool output Java,
Tool output WSDL and Tool output BPEL), whilst keeping Tool output others; this pre-treatment
made the analysis simpler and in fact was applied over other criteria.
To answer about the application of the proposal to real cases (RQ1.5), we introduced one
criterion Example, classified as Case study if the paper reports an application which is claimed
to be based on a real project, or, otherwise, classified as Academic. Eventually, some papers had
No example in their text.
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RQ2. What SOA types are supported?
For the target SOA (RQ2.1) we defined one criterion, SOA type, whose values are defined
according to the four major patterns presented in [5]:
• Single service. The target is a single service.
• Service composition. The target is the composition of services itself where the services
already exist.
• SOA system. The target includes both the services and their composition.
• SOA enterprise. The target is a SOA system that is specially designed for its use in an
enterprise, and somehow represents the application requirements of an enterprise.
Single service and Service composition can be seen as particular cases of SOA system, while
SOA system and SOA enterprise differs in the focus of the services: SOA system is more technical
and SOA enterprise is more oriented to cover the business needs.
Concerning the second question (RQ2.2), the elements that may appear in the SOA system are
determined by the metamodel used, therefore we shifted our focus to metamodels. We analysed
those papers that included one or more diagrams referred to as “metamodel” by the authors. The
Metamodel criterion may take four values:
• Adapted metamodel. Metamodels that extend existing metamodels. The typical case in this
category is that of UML profiles that are adapted to support new stereotypes.
• Reused metamodel. Papers that simply mention the use of one particular metamodel but
whose description is not included in the paper. A particular case worth to mention are
metamodels reused from previous proposals of the same authors.
• Propose new metamodel. Novel metamodels that do not reuse parts of other metamodels.
UML profiles may fit in this category when they are only extensions of the UML metamodel.
• No metamodel. Papers that do not rely on the use of metamodels.
In the first two cases, we also registered the metamodel name (in case it is mentioned) with the
goal of determining the most adapted and reused metamodels.
We extracted the most common concepts that appear in these metamodels. After an analysis and normalization process (e.g., “single service”, “service” and “abstract service” represent
barely the same concept) the most fundamental concepts were defined as: Service, Port, Message,
Operation, Behaviour, Context and NFR.
RQ3. Do these approaches deal with NFRs?
For the types of NFRs (RQ3.1), we include a first criterion just to know if the approach deals
with NFRs or not. Then, we observed in the primary studies that four NFR types were the most
recurrent and we considered them in the value’s domain: Security, Reliability, Performance and
Dependability. We also included two extra categories: Generic, for those papers that deal with
NFRs in a generic way; and Other, for those papers that deal with NFRs that appeared just
occasionally in our study. This last value facilitates the subsequent data analysis. If the approach
is Generic, then the other categories are considered included even if not explicitly marked.
For the notations (RQ3.2) we obtained the names of the languages that support NFRs.
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3.6. Threats to validity
There are a number of threats that might bias the validity of this MS. Our protocol tries to
mitigate them with specific measures.
• Definition of research questions. The research questions may not cover all the relevant
aspects that characterize the existing research in our area of interest. To minimize this risk,
we used a brainstorming technique for defining them with the participation of all the authors
of the study. It is worth to mention that the authors had knowledge and expertise on the three
main topics of the study (SOA, MDD and NFR) prior undertaking the MS. Moreover, the
initial set of research questions was refined, especially during the fast reading step, with the
commonalities detected in the selected papers.
• Identification of primary studies. Since software engineering keywords are not standardized, the selected keywords and search string may not be able to capture all the relevant
publications. To prevent the inadequacy of our search string, we added a reference analysis
step to our search strategy to check if relevant papers referenced in our selected papers had
been omitted. The papers that were subject of full reading were examined by a process
of snow-balling (following up the references), looking for papers that could have evaded
from our analysis. More precisely, the search strategy presented in Section 3.4 as linear
went through a couple of iterations. The first search string that we applied was not the one
presented in Section 3.2 but:
(meta-model OR metamodel OR model* language OR model driven OR MDA OR MDD
OR MDE) AND (service oriented architecture OR SOA)
The snow-balling process revealed some relevant references that were not covered by our
search string. A quick analysis of these referenced works showed that the search string had
failed because it did not include all the variants of the term “SOA”, and the only way to
include them was to rebuild the search string and accept any paper with the term “service”,
which dramatically increased the number of papers to consider in the study (about 6 times
the initial search). As a consequence, many papers captured by the new search string were
discarded during the title and abstract consideration (only 20.6% of papers passed this step).
Most of the work done with the papers selected in the first iteration was not lost since those
papers were again part of the results. On the other hand, the search string covered adequately
the works related to MDD according to the snow-balling process.
• Identification of bibliographic sources. The adequacy of the digital library was also validated through the above mentioned snow-balling step. In this respect, the analysis showed
that we were not missing any relevant source. There is a risk of missing papers that are not
indexed in the digital library used. To mitigate this risk, we checked year per year a relevant
set of venues and found which editions were missing. For them, we performed a specific
search using other digital libraries or even manually (the case of ICEIS). It could eventually
happen that the set of venues could miss some relevant one. In fact, this happened with
EDOC, which somehow surprisingly, was the venue with more selected works whilst it was
not in that set. But even this case showed that the digital library is very complete, since all
the editions were captured. Therefore, we think that it is very unlikely to have a major venue
out of our list without a single relevant paper indexed in ISI WoS, again this is reinforced
by the previously mentioned snow-balling step.
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• Selection of primary studies. Since some steps of the selection of papers included in the
search strategy may be based on personal judgments, there exists a risk of having a biased
selection. Following the suggestions by [14], inclusion and exclusion criteria lists guided
the selection and a multistage process involving several researchers for each paper was used
to perform it (see Section 3.4).
• Determination of ambiguous classification criteria. To classify papers according to their nationality and orientation (academic or industrial), there exists the difficulty that a paper may
have several authors with different nationalities and affiliations of different types (academic
or industrial). We decided to take objective criteria for these classifications. Regarding
orientation, we classified as academic those papers where all authors have an academic affiliation and as industrial those papers where at least one author is affiliated to a company
or a non-academic institution (see Section 3.5). However, we must be aware that having
an industrial author does not completely guarantee an industrial or practical orientation of
a paper since, in some cases, companies have research positions. Regarding nationality, we
decided to take the affiliation’s country of the first author of the paper to disambiguate the
classification but we are aware that other criteria could have been applied.
• Identification of values for classification criteria. For some of the criteria to classify the
papers, the possible values were not obvious. Regarding the SOA type criteria, we defined
the possible values according to the four major patterns presented by Erl [5] in order to use
a consolidated framework. For the NFR type criterion, we took the possible values from
the software product quality characteristics proposed by ISO/IEC 25010 [17] with a single
addition: we added dependability because it emerged in several papers and corresponds to a
combination of software quality characteristics. Regarding the metamodel concept criterion,
a difficulty for identifying the possible values is the high diversity of concepts that may be
proposed. Therefore, in this case, we took the terms for metamodel concepts that emerged
from the data extraction process and, then, we unified those referring to similar metamodel
concepts.
• Classification of venues according to the venue topic. The venues of the primary studies were classified according to their topic as Service-oriented, Model-oriented, Software
Engineering, General computing or Others (see Section 3.5). This was done with the participation of all the authors of the study to mitigate the risk of venue misclassification.
• Data extraction. The data extraction process consisted on filling out a form for each of
the selected papers with the most relevant information. Having a big picture of all the
selected papers helped us analyse the results afterwards. For each of the fields of the form,
its meaning and the way it is measured was completely described as Kitchenham suggests
in [14] so that all the reviewers used the same criteria and, also, it is clear to the readers of the
study. We must take into account that some papers might report their underlying research
work in an incomplete or poor way. In particular, this may affect the data extraction process
of our study (e.g., a paper does not mention that a proposed approach was applied in a real
case while it was). This risk could be mitigated by attempting to obtain more information
from the authors of the papers. However, the number of publications managed in our study
made this solution impractical. Thus, we must be aware that our MS assesses the state of
the research as it has been published and not as it actually is.
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4. Analysis of the Results
For the analysis of the results we performed a frequency analysis and a correlation analysis
between all the criteria used to answer the research questions. Each analysis is followed by our
interpretation of the result, whenever possible contrasted with results of other sources.
• Frequency analysis. For the frequency analysis we show the total number of papers for each
category and the percentage of the valid amount of papers (e.g., for the criteria related to
metamodel the percentage is calculated over the 46 papers with metamodels).
• Correlation analysis. For the correlations we show the result of the idependency test, the
p-value2 . The independency test used in this paper is the Fisher’s Exact Test for Count
Data. In our study all the contingency tables were small enough to run the Fisher’s test in a
reasonable time.
AQ1. How publications in the topic are demographically distributed?
AQ1.1. In which type of venue are articles mostly published?
Frequency 1. Venue. 98 papers (76.0%) were published in conferences and workshops (90 and
8 papers respectively) while the other 31 (24.0%) were published in journals.
In order to know whether this ratio is representative, we compared it with a sample of 14
systematic mappings that explicitly provide this information (see Appendix C). In these studies
we found that the percentage of journals oscillates among 4.7% and 51.7% with an average of
25.9% and median being 20.0%, whilst the percentage of conferences3 oscillates between 44.7%
and 89.2% with an average of 71% and median being 72.7%. Therefore, we may argue that the
percentage found in our domain of interest falls into the general trend in the software engineering
discipline. In fact, if we take the SM with the closest topic to us, in this case aspect-oriented code
generation [18], the percentages are very similar (27.9% journals and 72.1% conferences).
We have analysed the journals where the works were published using the ISI WoS JCR index
(2012 edition). Only 4 out of the 31 journal papers are not indexed in JCR. The value of the
5-year impact factor of these journals (excluding 3 of them that entered recently) ranges from
2.374 down to 0.268 with an average of 1.351 (1.395 if weighted by the number of papers). The
journals with more publications are IST, IBM Systems Journal and SoSyM with 4 papers each.
Frequency 2. Topic. 46 papers (35.7%) were published in SOC-related venues, while only 15
(11.6%) were published in MDD-related venues. The other papers were published in engineering
(36, 27.9%), computing (29, 22.5%) and general science (3, 2.3%) venues.
The unbalance between the first two categories is a bit surprising, since this study encompasses both the service and the modelling areas, and the number of venues for services is by no
means significantly greater than those for modelling. One possible interpretation is that the SOC
perspective is prevalent over the MDD perspective when both are combined in a research work
or in other words, MDD is seen as a subordinate instrument to achieve a research goal in the
SOC field.
2 In this study correlations are considered statistically significant when p-value < 0.05. But we keep some results that
we considered interesting for the topic of study even when they have a p-value ≥ 0.05.
3 In the following, we will talk about conferences as shorthand of conferences and workshops.
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Table 5: Contingency table for Venue and Topic

Computing
Engineering
Modeling
Science
Services
Sum

Conference
18 (62.1%)
26 (72.2%)
9 (60.0%)
3 (100.0%)
42 (91.3%)
98 (76.0%)

Journal
11 (37.9%)
10 (27.8%)
6 (40.0%)
0 (0.0%)
4 (8.7%)
31 (24.0%)

Sum
29 (100.0%)
36 (100.0%)
15 (100.0%)
3 (100.0%)
46 (100.0%)
129 (100.0%)

More generally, it is interesting to remark that the proportion of papers published in venues
specific of the field compared to general venues (engineering, computing, and science) is close
to fifty-fifty. Also, the percentages differ depending on the topic (see Correlation 1).
Correlation 1. Venue and Topic. Only 8.7% of papers published in venues for services are
journals, and 40.0% of papers published in venues for modelling are journals (p=0.009). The
contingency table is presented in Table 5.
A possible explanation is that most of the journals for services are still young and the community has not yet adopted them widely in their publishing habits (e.g., because they took some
time to have a JCR index).
We observed that journal papers in the topic of this MS align with the general belief that journal papers discussing on a software engineering methodological field should include a concrete
method of work and some kind of tool support as indicator of maturity (See Correlation 2 and 3).
Correlation 2. Method and Venue. Only the 3.2% of papers that do not present a method are
journal papers (p=0.004).
Correlation 3. Tool and Venue. Only the 16.7% of papers that do not provide a tool are journal
papers (p=0.002).
AQ1.2. How the number of publications has evolved over the years?
Frequency 3. Year. The papers were distributed as shown in Figure 3, with a maximum of 22
papers (17.1%) in 2008 and a minimum of 3 (2.3%) in 2003.
We observe that most of the articles have been published between 2006 and 2008. There is
no clear tendency to make assumptions about the evolution of the number of publications on the
research topic in the future. Special care has to be taken with the apparent drop of papers in 2013
since it may be partly due to the fact that some papers were not available online in the ISI WoS
at the time the search was performed. Nevertheless, this may be an indication that other research
topics related to SOA are taking the lead (e.g., cloud computing), or that MDD for SOA is no
longer a very active topic of research.
AQ1.3. Which is the geographical distribution of published articles related to the topic?
Frequency 4. Country. The distribution of papers by country is the following: Spain (17), Germany (16), United States (14), China (10), and France (9) (see Figure 4-left).
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Figure 3: Evolution of publications over the years (and orientation)

It is interesting to note that a small number of countries concentrate the majority of the publications. In fact, the 5 listed countries have the 51.2% of all the analysed articles. From all of
these, Spain stands out having 17 (13.2%) publications, followed by Germany with 16 (12.4%).
We have put these numbers into the general context of publications in Computing Science (see
Figure 4-right) in the period 2006-2010 as presented in [19], also based in data from WoS. We
can see that the 5 identified countries appear in the top 9 of this classification being probably the
most remarkable change the higher position held by Spain (from 4.7% to 13.2% in our study).
However if we take a look not to individual papers, but to research groups we observe that 10
out of 17 Spanish papers come from the same group. In fact, considering groups the ranking
changes to: United States (10 groups), Germany (9), China (9), United Kingdom (7), and Spain
and France (6).
When it comes to continents, it is worth to mention the high amount of papers published in
Europe.
Frequency 5. Continent. The distribution of papers by continent is the following: Europe (81,
62.8%), Asia (21, 16.3%), North America (15, 11.6%), Australia (5, 3.9%), Africa (4, 3.1%),
and South America (3, 2.3%).
These numbers diverge from the ones presented in [19] in the period 2006-2010, remarkably
North America (31.64% in that study).
AQ1.4. How are publications distributed between academy and industry?
To answer this question we analysed whether at least one of the authors in each paper came
from a non-academic institution. We made the assumption, thus, that the presence of one single
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Figure 4: Classification of publications with respect to origin by country

industry author ensures at some extent that the paper will consider the practical implications of
the proposal made.
Frequency 6. Orientation. 88 papers (68.2%) come from academy while 41 (31.8%) come from
industry.
We observed two interesting correlations of orientation with country and year.
Correlation 4. Orientation and Country. We observed that, within the top countries, none of
the European and Asiatic ones have more industrial papers than academic ones (with the extreme
case of Spain with all the 17 papers being from academy), while papers from United States have
far more papers from industry (see Figure 5). (p<0.001)
Correlation 5. Orientation and Year. We observed that the contributions from the academia
were mostly published between 2006 and 2012 (88.6%), while contributions from the industry
are concentrated between 2004 and 2008 (85.4%) (see Figure 3). (p<0.001)
As we can see in the Figure 3, starting from 2008, the great majority of the papers come from
the academia, being the role of industry contributions marginal.
RQ1. What are the characteristics of MDD approaches that support SOA?
RQ1.1. Which methods are applied by these approaches?
Frequency 7. Method. From the 129 papers considered, 77 (59.7%) propose a new method (the
paper defines and details its own method) while 28 papers (21.7%) adapt an existing method
(the paper cites a method described in another paper and enhances it). The remaining 24 papers
(18.6%) do not provide information about the method used.
Frequency 8. Method name. The 28 papers that adapt an existing method have a big dispersion
on the original method that they adapt; for instance, the most mentioned ones (MDA, OOWS,
SOD-M, VbDMF) are used in just 3 papers.
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At least three possible explanations to this low adoption of existing MDD methods exist: 1)
this is a similar percentage as for any other software architecture domain (embedded systems,
cloud architectures, etc.); 2) some SOA targets are still under consolidation so trying to apply
MDD practices would be too premature; 3) there is some specific reason that prevents this adoption (inherent complexity of SOA systems, accentuated importance of quality requirements, etc.).
Correlations 6 and 7 show that papers adapting/reusing methods use in a greater percentage the
more consolidated types of SOA (single service) and output notations (web service description),
which seems to support the second hypothesis.
Correlation 6. Method and SOA type. The 44.2% of papers that propose a new method have
as target service composition. Similarly, when comparing to SOA types, we found that only the
17.9% of papers that adapt a method belong to the service composition SOA type (papers that
belong to the service composition SOA type are the 34.9% of the total). (p=0.015)
Correlation 7. Method and Output notation. If we narrow the comparison to concrete notations,
similar percentages and significance are found: 28.6% of papers adapting a method have a wellknown technology as output, namely web service descriptions (although only the 17.1% of the
total of papers have this output). On the other hand, the 35.1% of papers that propose a method
have a service orchestration as output (papers with this output are only the 24.8% of the total of
papers). (p=0.001)
RQ1.2. What are the main characteristics of the MDD process?
Frequency 9. Transformation. As illustrated in Figure 6-left, a great majority of papers present
a top-down transformation direction (106, 82.2%).
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Frequency 10. Activity. As illustrated in Figure 6-right, nearly all papers present a development activity (116, 89.9%) while the rest of categories altogether have 13 papers: Other (5),
Specification (4), Integration (2), Engineering (1), and Migration (1).
This situation aligns with the classical setting in which software engineering methods are formulated and, thus, is not surprising. It clearly points out to the need of having more research for
horizontal and bottom-up transformations. In fact, bottom-up transformation is directly related
to reverse MDD which have been often identified as one challenge in the MDD state of the art
and practice. Concerning activities, it is clear that in the context of SOC, aspects like service
integration and application migration are fundamental and our study shows that they have been
neglected by most of current MDD approaches.
Transformation

Activity

Top−Down
106 (82.2%)
Development
116 (89.9%)

Bottom−Up
5 (3.9%)

Other
13 (10.1%)

Horizontal
18 (14.0%)

Figure 6: Number of publications in relation to transformation and activity

RQ1.3. What are the input and the output of the MDD approach?
Frequency 11. Input Model Type. 110 papers (85.3%) start with CIM or PIM (see Figure 7 for
details). There are other input model types (3 papers, 2.3%) not shown in Figure 7.
Frequency 12. Output Model Type. 112 papers (86.8%) are about processes ending with code
or PSM (see Figure 7 for details). There are other output model types (8 papers, 6.2%) not shown
in Figure 7.
Frequency 13. Input Notation. 75 papers (58.1%) consider as input notation requirements, class
diagrams or activity diagrams (see Figure 8 for details). There are other input notations (35
papers, 27.1%) not shown in Figure 8.
Frequency 14. Output Notation. 89 papers (69.0%) have an output expressed using a programming language, a service orchestration description or a web service description (see Figure 8 for
details). There are other output notations (35 papers, 27.1%) not shown in Figure 8.
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(corresponding to notations oriented to abstract documents) and output bars at the top.
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Figure 7: Number of publications in relation to input and output model types

There is certainly a correlation between models and notations, see Correlation 8 and 9.
Correlation 8. Input model type and Input Notation. 27.5% of papers starting at CIM use activity diagrams and 27.5% use requirements while 48.6% of papers starting at PIM use class
diagrams and 14.3% use activity diagrams. (p<0.001)
Correlation 9. Output model type and Output Notation. 64.8% of papers ending at code use a
programming language and 16.7% use web service description while 44.8% of papers ending at
PSM use service orchestration and 19.0% use web service description. (p<0.001)
The predominance of top-down development (thus, starting at an abstract level and ending
at a concrete one) is consistently observed in Correlation 10. This observation aligns with the
observations made in the previous RQ and consequently, the lines of future research that we have
identified in it have a counterpart here (e.g., if we talk about reverse engineering MDD support,
this means having more approaches going from PSM/Code to CIM/PIM).
Correlation 10. Input Model Type and Output Model Type. 55.0% of papers starting at CIM end
at PSM and 52.9% of papers starting at PIM end at code. Table 6 shows the contingency table
for this correlation. (p<0.001)
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Table 6: Contingency table for Input Model Type (rows) and Output Model Type (cols)

CIM
PIM
PSM
Code
Other
Sum

CIM
0 (0.0%)
0 (0.0%)
0 (0.0%)
1 (33.3%)
0 (0.0%)
1 (0.8%)

PIM
4 (10.0%)
2 (2.9%)
2 (15.4%)
0 (0.0%)
0 (0.0%)
8 (6.2%)

PSM
22 (55.0%)
29 (41.4%)
7 (53.8%)
0 (0.0%)
0 (0.0%)
58 (45.0%)

Code
11 (27.5%)
37 (52.9%)
4 (30.8%)
2 (66.7%)
0 (0.0%)
54 (41.9%)

Other
3 (7.5%)
2 (2.9%)
0 (0.0%)
0 (0.0%)
3 (100.0%)
8 (6.2%)

Sum
40 (100.0%)
70 (100.0%)
13 (100.0%)
3 (100.0%)
3 (100.0%)
129 (100.0%)

RQ1.4. Do the approaches report tools?
Frequency 15. Tool. 50 papers (40.3%) propose a new tool, 24 (19.4%) adapt an existing one,
and 50 (40.3%) are not proposing any tool support.
Frequency 16. Tool platform. Considering only the adapted tools, there are two predominant
platforms: Eclipse is used in 10 works (41.7%) and IBM Rational tools in 5 works (20.8%). The
rest of adapted tools are just used in one platform or were not mentioned.
We do not know of any study in the field to compare with, but the percentage of papers not
using tool support seems a bit too high for the field of study.
Frequency 17. Tool Input. The total number of works using UML as input is 30 (41.7% of the
papers reporting a tool). The rest of categories for tool input reach percentages under 6.9%.
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Frequency 18. Tool Output. When considering the output coming from the tools we found a
high diversity. To deal with this diversity we have codified the criterion as multivalued (i.e.,
one tool may have more than one output), and then selected the most recurrent ones. The most
recurrent were: 22 BPEL (30.6% of the papers reporting a tool), 16 WSDL (22.2%), 17 Java
(23.6%).
These results confirm that the predominance of UML models as input for the MDD processes,
still holds when it comes to services. The diversity in the output can be explained because of its
lower level of abstraction, being then necessary to match to the platform being addressed by the
approach.
We observed that United States’ proposals tend to put their work in practice by materializing
it into a tool. Also, they tend to reuse or adapt tools instead of creating new ones (see Correlation 11).
Correlation 11. Tool and Country. The 29.2% of papers that adapt an existing tool come from
the United States while papers from that country are only the 10.9% of the total. Only the 4.0%
of papers that do not provide a tool come from North America while the 62.0% of them come
from Europe. (p<0.001)
RQ1.5. Have the approaches been applied to industrial cases?
The frequency shows how industrial cases are still scarce in this topic.
Frequency 19. Example. From the 129 selected papers, 21 (16.3%) report a case study, 83
(64.3%) present an academic example and 25 (19.4%) do not present any example.
An observation to be made is that papers with at least one author from industry present case
studies more frequently than papers from academy (see Correlation 12).
Correlation 12. Example and Orientation. While the total percentage of papers that present a
case study is 16.3%, the percentage of papers that present a case study with authors from industry
is 38.1%. (p=0.627, please note that this correlation is not statistically significant, it may have
occurred by chance.)
RQ2. What SOA systems are supported?
RQ2.1. What types of SOA are generated by the MDD approach?
Frequency 20. SOA Type. Figure 10-left shows how the two most used types of SOA are targeted almost the same: SOA system in 51 papers (39.5%) and Service composition in 45 papers
(34.9%), then comes Single service with 23 papers (17.8%) and the last one, SOA enterprise, is
quite neglected with 10 papers (7.8%).
It is remarkable to find this low percentage of papers targeting SOA enterprises, considering
that in fact this type of SOA is the preferred one by practitioners in percentage (see Correlation 13). The two facts together seem clearly to point out the need of future research for SOA
enterprises.
Correlation 13. SOA Type and Orientation. 50.0% of papers that have SOA Enterprise as target
were produced by papers authored by at least one industrial author. Figure 10-right give more details of this correlation. (p=0.530, please note that this correlation is not statistically significant,
it may have occurred by chance.)
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We also studied the chronological perspective of the issue in Correlation 14.
Correlation 14. SOA Type and Year. We have observed that MDD for a single service had more
publications in 2006 (26.1%) while service composition have been most published in 2008 and
2011 (15.6%, 15.6%), and SOA enterprise in 2008 (40.0%). The SOA system as the target of
MDD process has been actively published in 2006, 2008, and 2012 (17.6%, 17.6%, 19.6%). See
Figure 11 for more details. (p=0.024)
We can observe that research on single services is not a timely research topic at least in the
context of MDD: there are more papers published in the 4-year interval 2003-2006 than in the 7year interval 2007-2013. On the other hand SOA systems and service composition do not show
any significant trend, with peaks in the last couple of years which show that they still attract
interest.
We have also explored the relation of type of SOA with the inputs and outputs that were
reported in RQ1.3. See Correlation 15, 16, 17 and 18, and Figure 12 and 13 (categories with low
occurrences have been omitted in these figures).
Correlation 15. SOA Type and Input Model Type. PIM is the predominant type of input for
single service (17, 73.9%), service composition (25, 55.6%), and SOA system (28, 54.9%) while
CIM is more predominant for SOA enterprise (8, 80.0%). It is also relevant to remark that 20
(39.2%) papers with SOA system as target use CIM as input for the MDD process. See Figure 12left. (p<0.001)
Correlation 16. SOA Type and Output Model Type. Code is the predominant type for single
service (12, 52.2%) and SOA system (27, 52.9%), for service composition it is PSM (29, 64.4%),
whilst SOA enterprise does not have any dominant type of model. See Figure 12-right. (p=0.002)
We can observe that single service and SOA system tend to transform from PIM to code, while
service composition seems to work in a more abstract level by ending in the PSM. Despite of the
low number of publications, we observe that SOA enterprise always starts from the CIM.
If we look into the details of notations, we find some interesting correlations.
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Correlation 17. SOA Type and Input Notation. Class diagrams are predominant for single service (11, 47.8%) and SOA system (19, 37.3%), while activity diagrams are for more predominant
for service composition (11, 24.4%). See Figure 13-left. (p=0.037)
The numbers in Correlation 17 are aligned with the nature of the SOA types, since single
service and SOA system do not focus on behavioural aspects, whilst service composition does
and therefore an activity diagram is appropriate.
Correlation 18. SOA Type and Output Notation. Web service descriptions (7, 30.4%) and programming languages (9, 39.1%) are predominant for single service, whilst programming languages is for SOA system (16, 31.4%). Remarkably, but also expected, service orchestration is
predominant for Service composition (23, 51.1%). See Figure 13-right. (p<0.001)
Afterwards, we took a close look considering the different possibilities for the method criteria
and found that the type of SOA and the type of method are highly dependent (see Correlation 19).
Correlation 19. SOA Type and Method. The approaches that target service composition mostly
propose new methods (34, 75.6%), while single service and SOA enterprise tend to adapt existing
methods more than the other two types of SOA (11, 47.8%; 4, 40.0%). Figure 14 gives more
detail about this correlation. (p=0.015)
Last, for tool support, we found out that single services seem easier to implement than the
other types of SOA (see Correlation 20).
Correlation 20. SOA Type and Tool. Whilst the most frequent option found in the study is to
present manual approaches (without tool), in the case of papers with single service as target of
the MDD process, it is more common for them to have tool support (15, 65.2%). (p=0.066,
please note that this correlation is not statistically significant, it may have occurred by chance.)
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RQ2.2. What SOA elements are explicitly modelled in the MDD process?
Frequency 21. Metamodel. Up to 83 papers (64.3%) did not present metamodels for SOA (i.e.,
the metamodel used was not explained in the paper and/or was not specific for SOA). For the 46
(35.7%) that provided a description of a metamodel specific for SOA, the majority (26, 56.5% of
these 46) defined a new metamodel, 12 (26.1%) adapted an existing one and 8 (17.4%) explained
the metamodel but it was not theirs, it was reused.
The majority of contributions did not propose or describe a metamodel for SOA. The extent to
what it is possible to apply a MDD method in the SOA domain without a metamodel specific for
SOA remains open. For those that proposed a metamodel, the majority opted by defining their
own proposal instead of adapting or reusing existing metamodels, being papers with industry
authors the exception to the rule (see Correlation 21).
Correlation 21. Metamodel and Orientation. The 62.5% (5 out of 8) of papers that reused
a metamodel had some author from industry, whilst the 73.1% (19 out of 26) of papers that
defined a new metamodel are from researchers. (p=0.209, please note that this correlation is not
statistically significant, it may have occurred by chance.)
If we consider the 20 papers that reuse or adapt existing metamodels, we can analyse whether
some existing metamodel is widely adopted by the community:
Frequency 22. Metamodel Name. The WSDL metamodel (including “MVWSDL” and “QWSDL”) is the most adapted or reused (6, 30.0%) and PIM4SOA is the second one (3, 15.0%).
The remaining adapted or reused metamodels only appear in one work each.
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Table 7: Correlations considering papers that propose metamodel for SOA

Correlation

Observation

Compared to

Test

Input Model
Type
Output Model
Type
Input
Notation
Output
Notation

The 60.9% of papers with metamodel for
SOA start at PIM
The 52.2% of papers with metamodel for
SOA end at code
The 34.8% of papers with metamodel for
SOA use class diagrams as input
The 37.0% of papers with metamodel for
SOA end producing code in some
programing language

The total starting at PIM is 54.3%

p=0.330

The 47.0% of papers without
metamodel end at PSM
The total using class diagrams is
31.0%
The 31.3% of papers without
metamodel produce a service
orchestration

p=0.047
p=0.609
p=0.118

It is clear that contrary to what happens with other criterion (models, tools, etc.), metamodels for SOA (at least the ones used for MDD) are very diverse and no particular metamodel is
dominant. Even in the case of PIM4SOA, it happens that the 3 papers share common authors.
The adoption of a metamodel for SOA creates some trends on other criterion (see Table 7,
please note that most correlations are not statistically significant): the process tends to start
at the PIM level using class diagrams as input and producing code as output written in some
programming language. It is remarkable that the adoption of metamodel does not directly impact
on the automation of the MDD process with more tool support.
If we consider the type of metamodel (reused, adapted or new), just a few correlations deserve some mention (see Table 8, please note that these correlations are not statistically significant). Remarkably, the first correlation in Table 8 could point out a benefit of working with
adapted/reused metamodels, namely improved ability of generating code.
As mentioned in Section 3.5, we consolidated the concepts presented in the papers so that the
values of this criterion have to be considered categories of terms rather than concrete terms. For
example, “service” includes “single service”, “abstract service”, and other similar terms; and
“port” includes “interface”, “connection”, etc.
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Table 8: Correlations considering the type of metamodel for SOA

Correlation

Observation

Compared to

Test

Output Model
Type

The 50.0% (13 out of 26) of papers that
propose new metamodel end at code level

p=1.000

Input
Notation

The 26.9% (7 out of 26) of papers that
propose new metamodel start with an
activity diagram
Papers that propose new metamodels have
diverse output notation: WSDL (5,
19.2%), programming language (9,
34.6%), service orchestration (3, 11.5%),
and other (9, 34.6%)

The 55.0% (11 out of 20) of papers
with adapted/reused metamodel
end at code level
The 5.0% (1 out of 20) of
adapted/reused metamodels start
with an activity diagram
Papers with adapted/reused
metamodel have programming
language as predominant output (8
out of 20, 40.0%)

Output
Notation

p=0.140

p=0.386

Frequency 23. Metamodel Concepts. Figure 15 shows the most recurrent concepts in the papers
that present a SOA metamodel. It is worth to mention that even being in the context of MDD for
SOA, the “service” concept does not appear in 8 of the papers that include a SOA metamodel
(82.6% of the papers include this concept).
The typical situations where “service” concept is missing are the ones in which the metamodel
does not pretend to model the whole SOA architecture but a particular aspect (e.g., the service
features, the activities of the services, etc.). We found few remarkable correlations related to the
concepts that appear in the metamodels (see Table 9, please note that these correlations are not
statistically significant).
RQ3. Do these approaches deal with NFRs?
Frequency 24. NFR. From the total 129 studied papers, only 31 (24.0%) offer some support to
NFRs. The rest do not deal with NFRs in the MDD process.
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Table 9: Correlations considering the metamodel for SOA concepts

Correlation

Observation

Test

NFR concept
and Input
Model Type

We already reported that in most cases the MDD starts with PIM, but we
notice a tendency to start at the CIM when the metamodel has the “NFR”
concept (40.0%), which is not surprising taking into account that requirements
are normally considered part of CIM
Large majority (80.0%) of the approaches that have the “NFR” concept in
their metamodel finish at code level. This could be an indicator that
researchers interested in NFRs want to explore their effect in code
Behaviour concepts does not exist at all when the target is single service. This
is normal, since the behaviour concepts are mainly used in composition of
services

p=0.090

NFR concept
and Output
Model Type
Behaviour
concepts and
SOA Type

p=0.066

p=0.113

This may seem a low percentage but it is worthwhile to take into account that generally MDD
approaches do not deal with NFRs [16]. Considering the great influence of NFRs in software
systems, this indicator reflects the need to research more in the topic. A previous step could be
to investigate the reason of this situation. Difficulty of dealing with NFRs may be a reason, as
pointed out by the use of examples simpler than usual in the publications found.

RQ3.1. What types of NFRs are supported by the MDD approach?
Frequency 25. NFR type. As shown in Figure 16, 19 papers (61.3% of the 31 papers dealing
with NFRs) deal with security, then the other three more recurrent types are reliability (10 papers,
32.3%), performance (7, 22.6%) and dependability (3, 9.7%). 4 papers (12.9%) introduce other
type of NFR (e.g., accuracy, or non-technical NFRs like cost), and 5 papers (16.1%) present a
generic approach to NFRs. Including the papers with generic approach, 10 papers supported
more than one type of NFR.
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The NFRs managed by these 31 papers are shown in Figure 16. Papers that handle Availability are included in Reliability (following the definition of the ISO/IEC 25010 [17]). Not many
papers that presented a generic approach to deal with NFRs, and remarkably none of them had
industry authors, which seems to point out that industry prefers to deal with more concrete situations that they find in their daily work. Security has been the most predominant type of NFR
that was handled in the MDD for SOA, as most of these papers say, security is one of the major
problems in SOA. For example: “the involvement of independent trust domains constitutes the
key aspect regarding security in service-oriented architectures” [20] “One of the fundamental
characteristics of SOA is the usage and orchestration of services in different application contexts. However, this extensibility comes along with new security risks and threats that require
an individual protection of each orchestrated service” [21]. Comparing these results with the
current state of practice as described in [22], practitioners are not so worried about SOA security
which may be an indicator of miscommunication between academia and industry.
RQ3.2. What notations are used to specify NFRs?
Contrary to other parts of this study, notations for NFR show a dominant language:
Frequency 26. NFR notation. The most used notation for specifying NFRs was UML profile
(14, 45.2%). Other notations such as OCL, WS-*, and Q-WSDL were used in 2 papers at most.
In 7 papers (22.6%) the notation for NFRs was not described in the paper (even if the paper
claimed its support) or the support for the NFR was handled by an NFR specific transformation.

5. Discussion
From the results analysis we can conclude that the research area of this mapping study is still
not mature. There are four reasons for this assertion:
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1. There is a lack of consensus and standards. First, the percentage of papers that adapt an
existing method is not high and, more significantly, there is a high diversity on the methods that they take as a basis. Second, the percentage of papers that have their proposals
implemented by means of an existing tool is not high. Finally, if we focus on those papers
that present a metamodel for SOA, we find a lack of consensus on the metamodels used:
most of them are created by the authors themselves and, in fewer cases, adapted or reused.
In other words, the define-as-new vs. adapt/reuse option has consistently leaned towards
definition in all possible cases (new methods, new tools, new metamodels). The absence of
such standards and specifically of a commonly agreed metamodel definitively hampers the
consolidation of the approaches which remain as isolated pieces that can hardly be combined for providing more holistic solutions. This situation could improve in the future if
SoaML [3] finally gets consolidated.
2. Many primary studies didn’t present consolidated work. Some observations indicate that the
individual works still do not present work consolidate enough. Many of the papers present
proposals which must be manually applied since they do not provide a tool and the number
of papers that have applied their proposals to case studies is low. A remarkable exception
are industry papers that represent a greater percentage of case studies hinting that maturity
is greater in this particular category. Finally, we remark that most of the journals publishing
these papers are not top-ranked in the ISI WoS JCR index, with just three journals (IST,
IBM Systems Journals and Computers in Industry) appearing in the first quartile in their
respective categories.
3. Some research aspects are not sufficiently covered. The scope of the research in this area
should be widened since some important aspects have not received enough contributions.
Although this could eventually happen because these aspects do not attract enough attention,
we argue below our position that they should. First, the number of works that have a SOA
enterprise target is low compared to other types of SOA systems. A possible reason is that
the SOA enterprise target is the most ambitious and difficult SOA type since it tackles the
whole (or a significant part of the) life cycle of the SOA adoption by an enterprise based on
a service-oriented abstract model (or a service-oriented business model) for the enterprise.
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Second, we have also found that most papers that have as target a service composition
present proposals that produce as output a PSM but do not tackle the production of code.
This situation is the consequence of the current theoretical focus of the papers addressing
this type of SOA; more practical work following these theories should emerge in the near
future. Third, if we focus on those papers that include a metamodel in their proposals, we
find that a significant part of the papers with an own-made metamodel produce as output
of their proposals a PSM and again do not tackle the production of code. By contrast, this
situation does not appear in papers with reused metamodels since most of them address
code production. It appears that the lack of consensus or standards on the metamodels to
use damages the coverage of the implementation stage. Finally, the percentage of works
that support NFRs is low in spite of the relevant influence of NFRs in software systems. In
general, MDD approaches do not deal with NFRs and the reasons for this situation should
be investigated.
4. The work done outside the United States needs some more transfer to industry. We observe
that Europe concentrates the majority of the papers. However, if we compare Europe’s
academic and industry papers, there is a big difference of proportion with the United States
where industry papers are majority. This unbalance between academy and industry also
holds for the rest of the world. Moreover, the United States is the country with the greatest
number of papers that include a metamodel, arguably due to the fact that they need to
formalize their methods in order to be able to use them with tools. We can conclude that
the research methodology applied in the US is more practical than in other countries and
should serve as lighthouse for the upcoming research trend.
6. Conclusions
In this mapping study we have surveyed the state of the art in MDD processes used for developing SOA-based applications. We designed and followed a rigorous protocol which uncovered
up to 129 papers to answer the different research questions that we identified. We may consider
the answer to these questions as the main outcome of this paper. We summarize these answers
below:
AQ1. How publications in the topic are demographically distributed?
AQ1.1. In which type of venue are articles mostly published? The approximate ratio of publication in journals with respect to conferences is 1 to 3. Works are published equitably in generalpurpose venues and topic-related venues and from these latter, more in SOC-related venues than
in modelling venues.
AQ1.2. How the number of publications has evolved over the years? Publication peaks occurred in 2006 and 2008. We cannot conclude that there is a general declining of the topic, but
there is a clear tendency that confirms a pronounced declining of interest from the industry.
AQ1.3. Which is the geographical distribution of published articles related to the topic? Europe has a significantly greater presence than the other continents, being Spain, Germany, United
States, China, and France the countries with more publications (although United States is the
country with more different research groups).
AQ1.4. How are publications distributed between academy and industry? The publications
written only by academic authors rule are by far more than the number of papers having at least
one industry author, except in the particular of the United States.
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RQ1. What are the characteristics of MDD approaches that support SOA?
RQ1.1. Which methods are applied by these approaches? No consolidated methods are applied in MDD approaches for SOA.
RQ1.2. What are the main characteristics of the MDD process? A great majority of MDD
methods adopt a top-down transformation approach and are applied in software development
activities.
RQ1.3. What are the input and the output of the MDD approach? A great majority of MDD
methods use PIM as input model types, and in particular CIM for SOA enterprise. For output model types, PSM and code, and in particular PSM for service compositions and code for
SOA systems. Class diagrams and activity diagrams are the most used input notations, and in
particular class diagrams for single services. For output notations, programming languages and
service orchestrations, and in particular programming languages for SOA system and service
orchestrations for service composition.
RQ1.4. Do the approaches report tools? Although there are more approaches that report
tool support that do not, the percentage of papers not reporting tools is significant (except when
targeting single services). Eclipse and IBM Rational are the most adapted platforms, and UML
the most usual input of the tools (especially for IBM Rational), whilst for the output of the tools
there is more diversity.
RQ1.5. Have the approaches been applied to real cases? The majority just used academic
examples or even no example at all, and just a few approaches were applied to real cases.
RQ2. What SOA types are supported?
RQ2.1. What types of SOA are generated by the MDD approach? Using Erl’s classification [5],
SOA systems and service compositions are the two most targeted types of SOA, whilst SOA
enterprise the least targeted, but it seems that practitioners are more interested than researchers
in SOA enterprise.
RQ2.2. What SOA elements can be modelled in the MDD process? One third of the approaches
are based on metamodels. A majority of those, tend to define a new metamodel instead of
adapting or reusing an existing one. The most recurrent concepts in the metamodels are Service,
Operation and Message.
RQ3. Do these approaches deal with NFRs?
RQ3.1. What types of NFRs are supported by the MDD approach? Less than one fourth of the
approaches deal with NFRs. A majority of those address a few specific types instead of providing
a general solution. Security is by far the most targeted type, with reliability, performance and
dependability also standing out from the rest.
RQ3.2. What notations are used to specify NFRs? The most used notation by far is the use of
specific UML profiles.
6.1. Future Work
Concerning future work, we are designing a plan to update the results in a yearly basis. This
is a significant work, since statistical analysis needs to be redone when new publications are
selected. Given the time that digital libraries take to get completely updated, it seems unavoidable
to allow for a one-year gap. With this observation in mind, an appropriate update plan may be:
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• End December 20nn: apply the search string over ISI WoS for the year 20(nn-1). For any
selected venue whose 20(nn-1) papers are not incorporated in this database, use other search
engines or even a manual search. Of course, the set of venues itself needs some constant
monitoring (e.g., some new journal may arise).
• January 20(nn+1): process the selected papers.
• February 20(nn+1): update the statistical analysis.
• March 20(nn+1): update the written report.
As a first step towards this direction, we have automatized the calculation of the frequencies
and correlations (and the related figures and tables) appearing in this paper using R and Latex
together. With this integration we can regenerate the numbers that appear in the paper, which is
the starting point to update the qualitative analysis.
Other future work involves the issues identified in the discussion section:
• Design and conduct systematic literature reviews for the research areas outlined in Section
5. In particular, further research may investigate whether the trend in defining new methods,
tools and metamodels instead of reusing or adapting existing ones is particular of the topic
of this study (and in this case, why) or it is a general situation in software engineering.
• Perform research to find out the bibliographic data needed to contextualize the results obtained whilst investigating AQ1. For instance, to know to what extent the percentage of
industry papers or high-ranked JCR journals are different than in systematic mappings conducted over other domains.
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Appendix A: Sources and databases
Table 10: Journals
Venue

Database

Years

Computer (IEEE)
DKE
IBM Systems Journala
IBM J. of Res and Dev.

WoS
WoS
WoS
IEEE
WoS
WoS
WoS
WoS
WoS
Springer
WoS
Springer
WoS
Springer
WoS
WoS
IEEE
WoS
WoS
WoS

2003-2013
2003-2013
2003-2008
2003-2010
2011-2013
2003-2013
2003-2013
2003-2013
2003-2013
2003
2004-2013
2007-2013 (2007 1st ed.)
2003-2013
2003-2007
2008-2013
2003-2013
2008 (2008 1st ed.)
2009-2013
2003-2013
2007-2013 (2007 1st ed.)

IJCIS
Internet Comp. (IEEE)
IST
JSS
REJ
SOCA (Springer)
Software (IEEE)
SoSyM
TOSEM (ACM)
TSC (IEEE)
TSE (IEEE)
TWeb (ACM)
a

In 2008 merged with IBM J. of Res and Dev.
Table 11: Conferences
Venue

Database

Years

CAiSE

WoS
Springer
WoS
Springer
WoS
Springer
WoS
IEEE
Springer
WoS
Springer
ACM
WoS
Springer

2003-2010
2011-2013
2005-2006 (2005 1st ed.)
2007
2008-2011
2012-2013
2003-2009
2010-2011
2012-2013 (2012 1st ed.)
2003-2011
2012-2013
2003-2013 (biannual)
2003-2011
2012-2013

ECMFAa

ECOWSb
ESOCCc
ER
ESEC/FSE
FASE

36

ICEIS

ICMT
ICSE

ICSOC

ICWS

MoDELSd

OOPSLA

RE

SCC
ServiceWave
Services (IEEE)
SOCAe

a
b
c
d
e

SCITEPRESS
WoS
SCITEPRESS
ISI WoS
Springer
WoS
ACM
WoS
ACM
WoS
WoS
ACM
WoS
Springer
WoS
IEEE
WoS
IEEE
WoS
Springer
WoS
ACM
WoS
ACM
WoS
WoS
IEEE
WoS
IEEE
WoS
IEEE
WoS
Springer
WoS
IEEE
WoS
IEEE
WoS
IEEE

Previously known as ECMDA-FA.
In 2003 the name was ICWS-Europe.
Previously known as ECOWS.
Till 2004 known as UML.
In 2008 it was not held.
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2003-2005
2006-2009
2010-2013
2008-2010 (2008 1st
2011-2013
2003-2005
2006
2007-2009
2010
2011-2013
2003
2004
2005-2010
2011-2013
2003-2007
2008
2009
2010-2013
2003-2010
2011-2012
2013
2003-2006
2007-2009
2010
2011-2013
2003-2009
2010
2011
2012-2013
2004-2009 (2004 1st
2010-2013
2008-2010 (2008 1st
2011 (2011 last ed.)
2008-2009 (2008 1st
2010-2013
2007 (2007 1st ed.)
2019-2011
2012
2013

ed.)

ed.)
ed.)
ed.)

Appendix B: Criteria definition

Criterion

Description

Nature

Venue

Bibliographic source, i.e. journal or event (e.g.,
conference, workshop) proceedings, where the
work has been published
One of: Service-oriented, Model-oriented,
Software engineering, General computing, Others
Year of publication
Affiliations country of first author
Derived from the criterion above
Academy if all authors are affiliated to research
institutions; Industry otherwise
One of: Proposes new method, Adapts existing
method, No method
Applies only if the method is Adapts existing
method. One of: ARIS, SOMA, OOWS, RUP,
CAIDE, WebML, MDA, MIDAS, SOD-M,
VbDMF, Not mentioned
In terms of the relationship between the models
level. One of: Top-down, Bottom-up, Horizontal
Type of MDD process described in the paper.
One of: Engineering, Development,
Specification, Integration, Migration, Others
Type of model of the MDD process input. One
of: CIM, PIM, PSM, Code, Other
Type of model of the MDD process output.
Values as above
Notation used to express the input. One of: Class
diagram, Service orchestration, Web service
description, Activity diagram, Use case diagram,
Requirements, Other
Notation used to express the output. One of:
Class diagram, Service orchestration, Web
service description, Programming language,
Other
One of: Proposes new tool, Adapts existing tool,
No tool
Applies only if the method is Adapts existing
tool. One of: Eclipse, IBM Rational tools,
AndroMDA, Beans, ArgoUML, Not mentioned
One of: ADL, BPEL, BPMN, BPMN with
extension, CAMLE, COM, ContextUML, DSL,
DSLM, EPC, Excel, HL7-DICOM, i*, p-ADL,
UML, UML4SPM, WebML, WSDL, XMI,
XML, Not mentioned
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Emergent

Topic
Year
Country
Continent
Orientation
Method
Method name

Transformation
Activity

Input model type
Output model type
Input notation

Output notation

Tool
Tool platform

Tool input

Predefined
Predefined
Predefined
Predefined
Predefined
Predefined
Emergent

Predefined
Predefined

Predefined
Predefined
Emergent

Emergent

Predefined
Emergent

Emergent

Tool output
Tool output other

Example
SOA type
Metamodel

Metamodel name

Metamodel concept
NFR
NFR type

NFR notation

One or more of: Java, WSDL, BPEL, Others
Applies only if the output is Others. One of:
None, .Net, ARL, AspectJ, Code, EJB, Hibernate,
J2EE, Jini, Jolie, MuleESB-GridFTP, No name,
OWL, PPC, SQL, SRML, UML, WorkSCo,
WS-SecurityPolice, WSFL, XML, XSD
One of: Case study, Academic example, No
Example
One of: Single service, Service composition,
SOA system, SOA enterprise
One of: Propose new metamodel, Adapt existing
metamodel, Reuse existing metamodel, No
metamodel
Applies only if the method is Adapt / Reuse
existing metamodel. Values are: UML4SOA,
SOFM, SD, UP-SNFRs, PIM4SOA, UML,
OOWS, WS-Security, Migration path
metamodel, Q-WSDL, SOD-M Metamodel,
SECTET, MVWSDL, WSFL, EDOC, UML
Profile, CAMLE, SecureSOA, No name
One or more of: Service, Port, Message,
Operation, Behavior, Context, NFR
One of: Has NFRs, No NFRs
Applies only if Has NFRs. One or more of:
Security, Performance, Reliability,
Dependability, Generic, Other
UML Profile, Feature model, WS-*, OCL,
Q-WSDL metamodel, SECTET-PL, Class
diagram, and Not mentioned
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Emergent
Emergent

Predefined
Predefined
Predefined

Emergent

Emergent
Predefined
Emergent

Emergent

Appendix C: Other mapping studies

a

Ref

Topic

Journals

Conferences

Othersa

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]

OO design
Software quality trade-offs
Distances in RE
AO code generation
UML models
Quality assurance
Requirements modeling
Software ecosystems
SPL evolution
SOA testing
Formal methods in cross cutting
SPL testing
SPL testing

68 (51.5%)
38 (22.6%)
19 (34.5%)
19 (27.9%)
16 (48.5%)
10 (20.0%)
9 (19.6%)
8 (18.2%)
8 (10.8%)
6 (16.7%)
4 (40.0%)
3 (6.7%)
3 (4.7%)

59 (44.7%)
130 (77.4%)
34 (65.5%)
49 (72.1%)
17 (51.5%)
40 (80.0%)
37 (80.4%)
32 (72.7%)
66 (89.2%)
25 (69.5%)
6 (60.0%)
36 (80.0%)
57 (89.1%)

5 (3.8%)

4 (9.1%)
5 (13.8%)
6 (13.4%)
4 (6.2%)

This column includes book chapters, PhD thesis and technical reports.
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Appendix E: Significant correlations (Chi2 )
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