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Abstract

Context - Various research teams, as well as individual researchers, have investigated mapping
modelling languages. However, systematic studies that provide a structured overview of this research
on this topic have not been conducted. It is noticeable that this leaves a big gap in the context of a
modelling language. Conducting these studies could lead to a better understanding of the
characteristics of mapping modelling languages, which would be of great importance for the future
development of this area of research.
Objective - The aim of the study is to assess the state of knowledge about mapping modelling
languages and assist stakeholders in making informed decisions. This is carried out by identifying
existing mapping modelling languages, and their characteristics. Another objective of this thesis is to
identify potential mapping modelling languages that can support the generation of a blended
modelling environment.
Method - In order to achieve the goal, we conducted a systematic mapping study of mapping
modelling languages. Our search showed that we had 2913 potential studies that were relevant to our
topic. After the selection process, the final set of primary papers was 29. The information that was of
importance for this study was derived according to the categories of a well-defined classification
framework.
Results - The analysis of the extracted data showed the following main findings: (i) most of the
primary studies research focused on providing solution proposals, (ii) the largest number of
publications was in 2010, (iii) most papers mention mapping modelling languages that allow the
definition of unidirectional mapping rules, (iv) the most common cardinality was 1:N, (v) graphical
syntax has been proposed in many primary studies, (vi) most studies suggest mapping modelling
languages that can be used to define relationships between RDF models, (vii) documentation and
implementation were available for a very small number of mapping modelling languages.
Conclusion - These results can help the research community to identify research gaps on mapping
modelling languages as well as identify possible directions for future research.
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1. Introduction

Model-Driven Engineering (MDE) is a software engineering approach that raises abstraction from a
specific and detailed world to a more general and flexible level at which engineers can work [1]. The
use of models in MDE facilitates the interpretation of complex issues in a simpler, more abstract, and
more understandable manner. Moreover, modelling has the capability of facilitating communication
between different stakeholders. Modelling can also be used as a blueprint for performing engineering
tasks. In software engineering, modelling enables engineers to focus on system behavior as well as
take into account maintainability, reliability, and security [1]. However, the advantages of MDE could
be hindered when using models that are based on one single notation (i.e., either graphical or textual).
These models also have significant drawbacks. Firstly, they restrict stakeholder communication within
the domain and in different disciplines. For example, a requirement understood by one stakeholder is
sometimes not appropriate for another stakeholder. All this can have a negative impact on the
productivity and work of programmers. Secondly, restricting modelling to one notation has the
drawback of limiting the pool of available tools to develop and manipulate models [1].

On the other hand, using multiple modelling notations can yield significant advantages. By using a
blended modelling approach that offers multiple modelling notations, users are able to switch between
graphical and textual notations according to their personal preferences as well as the ease of
interacting with particular parts of the model [1]. To generate a blended modelling environment,
synchronization mechanisms among the various notations are required, and they are provided through
model transformations. Fundamental elements to the generation of synchronization mechanisms (e.g.,
model transformations) in an automated manner are mapping modelling languages.

The term mapping can be defined as the correspondence of elements between two meta-models and
relates to the relationship between two meta-models [2]. There are many benefits associated with
mapping modelling languages beyond the fact that they are essential to the provision of a blended
modelling environment. For instance, the UML language defines many sub-languages that are used to
express different aspects of a system at different stages of development and from different points of
view [11]. The relationships between these sub-languages are poorly specified. The relationships
between different models and code must be explicit to allow the model to be reused and maintained
throughout the system cycle. This can be achieved by precisely and explicitly defining mappings
between languages where models and code are expressed [11]. The concept of mapping appears in
many approaches and fields of application. MDA mappings define consistency between models, they
define the requirements under which two models are compatible or do not contradict each other [11].
Mappings can also be used in data and application integration scenarios to indicate related data and
propagate incremental changes [11]. Mappings also include the relationship between syntax and
semantics in the language definition. Another purpose of mapping modelling language is to manage
and track the relationship between models at different stages of system development [11].

1.1 Problem formulation

There have been several mapping modelling languages proposed in the literature. There is,
nevertheless, a lack of studies that structure and describe the various characteristics of mapping
modelling languages. In the absence of such information, it is more difficult for users to decide which
mapping modelling language is most appropriate for their particular needs. The objective of this study
is to fill the existing gap in this field by conducting a systematic mapping study. This will enable us to
assess the state of knowledge with regard to mapping modelling languages and assist stakeholders in
making informed decisions.
Furthermore, we identify the advantages and disadvantages of the currently existing mapping
modelling languages within the context of blended modelling. As a result, we can analyse whether
they would be suitable candidates for the instantiation of mapping models that could support the
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development of a blended modelling environment. As a motivation for writing our master thesis, we
would like to draw your attention to the fact that after our review of the existing literature, to the best
of our knowledge, there does not exist a systematic study for mapping modelling languages.

Therefore, the overall goal of this thesis is to identify existing mapping modelling languages, classify
them based on their characteristics, and make a comparison between such languages in terms of
blended modelling.  There are three main outcomes that should be achieved during this master thesis:

● Systematically identify, evaluate, and summarize the findings on currently existing mapping
modelling languages in the available literature.

● Using the findings of the systematic study to classify the existing body of knowledge on
mapping modelling languages.

● Conduct a comparison between the identified mapping modelling languages based on
different characteristics in the scope of blended modelling.

The structure of this report is defined as follows: Section 2 describes the main concepts of this thesis
and Section 3 describes the research methodology of our study in detail. Section 4 provides the main
findings and Section 5 describes related work. Section 6 describes the results and Section 7 analyzes
the threats to validity. Section 8 describes the conclusions of our work and future work.

7



Marija Popović
Amila Čizmić

A systematic mapping study of mapping modelling
languages

2. Background
In this section we will introduce the main concepts that we will consider in this thesis.

2.1 Model-Driven Engineering

Model-Driven-Engineering (MDE) is a software engineering paradigm where the model is actively
used to specify, test, simulate, analyze, and maintain the system to be built [28]. In MDE, models are
primary artifacts and can exist at multiple levels of abstraction, and can undergo transformations into
other models and/or code [6]. According to [39], MDE is often sold as a code generation solution.
According to [40] MDE is used because of its ability to formalize and analyze a system. As a result,
this improves quality and reduces ambiguity. There are other potential benefits as well, such as
reduced costs, improved productivity, easier maintenance, and the detection of problems and
inconsistencies at an early stage of the software system life cycle [40].
Models are a representation of a system that hides some details to help focus on certain aspects, such
as the structure of a system or its process. Models are often used in the development of software for
the communication between stakeholders, system documentation and problem analysis. They are
defined using general-purpose modelling languages, such as UML, and domain-specific modelling
languages that are increasingly used in particular domains.

2.2 Modelling languages

Modelling languages are used to specify and document system properties at different levels of
abstraction and from different perspectives [36]. Modelling languages can be classified into two
categories: general-purpose languages and domain-specific languages. General-purpose languages do
not have features specific to one domain. Examples of these languages are UML and XML. Whenever
we need to define a language that will be applied to a specific domain, we consider domain-specific
modelling languages (DSMLs) that provide engineers with characteristics that are specific to only one
particular domain. Domain-Specific Modelling is an approach that supports higher levels of
abstraction, significantly affects the speed and quality of work, helps reduce errors in work, and
increases productivity. Today, many of the DSMLs available for use in certain domains have changed
their characteristics frequently over time. The engineers had complete freedom when it came to
selecting the foundations for these languages, and each of them was maintained by improving the
already existing specifications [5]. There are three aspects related to the definition of a DSML:
abstract syntax which represents the domain concepts and rules; concrete syntax – the notation used to
represent these concepts which can be textual or graphical, tabular, tree based; and the semantics of
the language [5]. The definition of an abstract syntax in a modelling language includes the definition
of all elements that may be used within the language, as well as their properties and relationships to
each other. There are formal approaches to the definition of DSML semantics. The semantics of
DSML is usually given in natural language. For example, translational semantics involves defining the
semantics of DSML through a definition of a mapping between the language itself and another
language with well-defined semantics [10]. These can be abstract state machines, Petri Nets, or the
logic of rewriting.

2.3 Mapping modelling languages
Mapping is a process that describes how two metamodels are connected. Mapping modelling
languages could provide two mapping direction types: unidirectional and bidirectional mapping. A
unidirectional mapping represents a relationship between two models and can only be navigated in one
direction. Bidirectional mapping simulates the relationship between two models, allowing navigation
in both directions.
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There are three categories of mapping cardinalities based on similar structure and semantics between
meta-models. The categories are one-to-one, one-to-many, and many-to-one [2]. Mapping modelling
languages can allow the definition of unidirectional or bidirectional mapping rules with the help of
each of these cardinalities. One-to-one mapping cardinality is when one element from the target
metamodel may represent the structure and semantics of one element from the source metamodel [2].
One-to-many mapping can be defined as a non-empty and non-unitary group of elements from a target
metamodel that has semantics that is similar to one element in a source metamodel [2]. A many-to-one
mapping is defined by a target metamodel element with semantics similar to a non-empty and
non-unitary set of elements in the source metamodel [2].
Creating a mapping specification manually could be an error-prone, intensive process. There are
several suggestions for mapping specifications. Some of them are based on heuristics, some on
machine learning, and some on graph theory [2]. In order to identify structure-based and named
similarities between models, heuristic-based propositions are used. The database domains are used to
apply mappings between schemas (models) and transformations from different models. An example
would be entity-relationship (ER) in logical or physical models, such as relational tables or SQL
schemas [2].

2.4 Blended modelling

According to Ciccozzi et al. [1], blended modelling is:

“the activity of interacting seamlessly with a single model through multiple notations,
which entails the ability to seamlessly interleave modelling and change operations
across multiple users working collaboratively together at a certain time”

A blended modelling environment is expected to support at least graphical and textual modelling
notation in parallel as well as properly manage synchronization to ensure consistency among the two
notations. Different notations are suitable for different modelling tasks, and the understandability of a
particular notation varies from user to user. By allowing users to switch between notations, while
simultaneously preserving consistency among them, blended modelling leads to faster modelling
activities, flexible separation of concerns, and better communication among the various stakeholders.
Mapping modelling languages can be crucial to developing a blended modelling environment, as they
can drive the generation of model transformations that synchronize between notations.
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3. Research methodology
To carry out this work we decided to conduct a systematic mapping study. The main focus of a
systematic mapping study is to help us to identify, categorize, and analyse the existing literature that is
related to our topic.
It is important to note that the systematic mapping study research methodology is used when the
research is based on gathering relevant information from already existing works in order to analyse
them and obtain the results with the help of this information. In other words, the aim of this method is
to collect relevant papers, classify them, and provide us with information about the current solutions
and their relevance to our research. A very important feature of a systematic study is that it can help us
to identify gaps in previous research on a given topic. This process consists of defining research
questions, defining a search string as well as inclusion and exclusion criteria, searching for works
suitable for the purpose of our research, data selection, data classification, data extraction, and data
synthesis [8].

Figure 1: Systematic mapping study process

According to [15], a systematic mapping study can be split into the following phases: planning,
conducting, and reporting. Following that, in this section, we will briefly explain each of these phases.

3.1 Planning
The planning phase of our systematic mapping study consists of (i) defining the research goal and
research questions, (ii) defining search string as well as inclusion and exclusion criteria, (iii) searching
for works suitable for the purpose of our research (we will refer to the final set of selected studies as
primary studies), (iv) data classification, (v) data extraction, (vi) analyzing results and finally, (vii)
presenting results.
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3.2 Conducting
In order to conduct a systematic mapping study we need to clearly define the following steps:

1. Search and selection: During the search and selection phase, we conduct an (i) initial search,
(ii) application of selection criteria, (iii) merging and impurity removal, and (iv) backward
snowballing. We provide a detailed description of these steps in Section 3.5.

2. Classification framework: We define the classification framework’s categories based on the
research questions. The initial parameters for each category are defined using the abstract
keywording method, and the entire framework has been revised iteratively to allow the
inclusion of additional categories. For the research type and validation categories, instead of
defining the parameters using the abstract keywording method, we used standard guidelines.
In Section 3.6 we provide a detailed description.

3. Data extraction: In order to obtain answers to our research questions, we read the full-text of
all primary studies, and extract relevant information using the defined classification scheme.
We revise the classification framework whenever we find information during data extraction
that we had not included in the framework. In Section 3.7 we provide more information about
data extraction.

4. Data synthesis: During the data synthesis process, we perform vertical and horizontal
analysis. These analyzes helped us get results that give clarity to our topic. In Section 3.8 we
provide more information.

3.3 Reporting
The final phase of the systematic mapping study, which is reporting, entails the following steps: (i)
reporting the main findings, (ii) analysis of threats to the validity, and (iii) writing a full report
describing this research in detail.

3.4 Research questions
The goal of our systematic mapping study is to evaluate current trends in mapping modelling
languages in the existing literature. To reach this goal, we formulate the following research questions:

RQ1: What are the publication trends of research studies in the context of mapping modelling
languages?
Rationale: To identify the existing state of research in the context of mapping modelling
languages over the years.
Outcome: A current state of research in the context of mapping modelling languages by
presenting their year of publication, the publication type, venue name, research, and validation
type.
RQ2: What are the characteristics of the existing mapping modelling languages?
Rationale: The literature contains a number of different mapping modelling languages.
Answering this research question will allow us to identify what features are currently present
and what features are still missing from mapping modelling languages.
Outcome: A set of characteristics of mapping modelling languages that can affect the choice
of mapping modelling languages and the identification of gaps that could influence future
research directions.
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3.5 Search and selection process

The first step in the search and selection process is to define the keywords and search strings that will
be used to search for relevant studies in the digital libraries. In our search string, we use Boolean
operators OR and AND to link between the chosen keywords and form the search string. We use the
search string to identify all papers pertaining to our topic, and once we have identified the desired
number of papers, we remove duplicates. Next, we apply the inclusion and exclusion criteria. Using
these criteria, we evaluate which papers are relevant to answering our research questions. As part of
the selection process, we first examine papers that correspond to our topic by title and abstract. After
selecting papers by title and abstract, we read the full text of each paper to determine whether it
provides us with sufficient relevant information related to our thesis. In the following step, we conduct
backward snowballing to increase the number of primary studies and include papers from other digital
libraries which we may have missed.

3.5.1 Initial search

The purpose of the search and selection process is to identify primary studies relevant to the issue
under study. We complete this task with the help of three digital libraries: IEEE, Web of Science, and
ACM. We chose these three digital libraries because they are well-known in the field of computer
science. We also tested a number of digital libraries, but these three provided the most relevant results.
To begin with the initial search, it is necessary to identify relevant keywords and establish a search
string based on research questions.

Keywords: mapping, mapping model, mapping metamodel, mapping language

Search string: ("mapping metamodel" OR "mapping language" OR "mapping model")

After we define the keywords, we use them to formulate a search string. Before choosing the
following search string we tried searching digital libraries with a few different strings, with different
keywords but each of them gave us more papers that do not correspond to our topic (for example
many of them are about ecosystem services mapping modelling).

The search string used for each database can be found in Table 1.

Database Search String

IEEE Xplore Digital Library ("All Metadata": mapping metamodel) OR ("All
Metadata": mapping language) OR ("All
Metadata": mapping model)

Web of Science ALL=(("mapping metamodel" OR "mapping
language" OR "mapping model"))

ACM [All: "mapping metamodel"] OR [All:
"mapping language"] OR [All: "mapping
model"]

Table 1: Search string in different databases

When we applied our search string in the digital libraries without any filtering we got 573 papers in
IEEE, 1448 in Web of Science and 892 in ACM. In total, we got 2913 papers.
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3.5.2 Application of selection criteria

One of the most important steps in a systematic mapping study is the definition and application of the
selection criteria. This is because selection criteria help to specify the scope of our work and
determine the relevance of other studies in relation to ours. According to [15], the inclusion and
exclusion criteria may include (i) the article's topic's relevance, (ii) the publication venue, (iii) the time
period considered, (iv) evaluation requirements, and (v) language restrictions. Following that, we
considered the following inclusion and exclusion criteria.

Inclusion criteria:
I1: Papers that propose a mapping modelling language.
I2: Papers that are conferences and journals.
I3: Papers that are written in English.
I4: Papers with open access or full-text reading.
I5: Papers that correspond to topics related to Computer science.

Exclusion criteria:
E1: Papers that are published in magazines, newspapers, short papers, tutorials, workshops, and book
chapters.
E2: Papers that briefly mention mapping modelling languages but do not propose a mapping
modelling language.
E3: Papers that are not written in English.
E4: Papers that propose approaches in which mapping is implicit (i.e., embedded in model
transformations).

From our initial search, we received a large number of papers (2913). However, digital libraries offer
the possibility to filter papers based on certain characteristics. We decide to use the capabilities of the
digital libraries to immediately apply inclusion criteria I2 - I5. For I5, we notice that a considerable
amount of papers were not in the context of computer science. For this reason, we opted for the
filtering option available in digital libraries and filtered data by topic, which we also listed below.
Filtering on these 2913 papers according to I5 has been done considering the following topics:

Topics: learning (artificial intelligence), neural nets, ontologies (artificial intelligence), semantic web,
cloud computing, neural language processing, Internet, computer networks, computer architecture,
operating systems (computers), computer network management, software architecture, software
engineering, software maintenance.

After we finished this process we obtained 150 papers in IEEE, 833 in ACM, and 899 in Web of
Science. In total, we got 1882 papers.

3.5.3 Merging and impurity removal

Due to the possibility of different libraries supplying the same publications, we encountered duplicate
publications. Our first step is to combine all papers from the IEEE, ACM, and Web of Science
databases into one Excel spreadsheet. We then select all papers, select Data Tools, and click on the
option to remove duplicates. During this process, we encountered completely identical publications, as
well as older and more recent versions of the same publications. Consequently, duplicates and older
versions of the same documents have been removed. After we removed the duplicates, we were left
with 1578 papers in total. Consequently, merging and removing impurities enabled us to eliminate 304
duplicates. We, therefore, conclude that this process was an integral part of our search.
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3.5.4 Selection of papers

After merging and removing impurities, we begin the selection process to identify papers relevant to
our research topic. Then we apply the inclusion and exclusion criteria to the titles and abstracts of the
papers, and from this process, we select 47 papers. Then, the selection criteria are applied to the full
texts, resulting in 22 papers.
The selection of papers is carried out in pairs and it was essential that both reviewers apply the
selection criteria to all papers. After this process is complete, not all of our judgments are in
agreement. At that point, we discuss whether to include or exclude each of these papers. When we can
not come to an agreement, a third reviewer from our supervision team makes the final decision.

3.5.5 Backward snowballing

We conduct backward snowballing to identify more studies relevant to our topic and minimize the
possibility of omitting potential primary studies published in other digital libraries that we do not
consider. In addition, to conduct a backward snowballing process, we must first select a set of primary
studies [18], and then review the references of each study. As a result of the snowballing process, we
have 61 papers, which are selected based on their titles and abstracts. In addition, after reading the full
texts of each of these articles, we determine that only seven are relevant to our topic. The total number
of papers that we received is 29. Due to time constraints, we did not consider forward snowballing.
Figure 2 illustrates the process. In Appendix A, we provide the results of the primary studies.

Figure 2: Search and selection process

3.6 Classification framework
We create the following classification framework to make it easier to extract and classify relevant
information from selected primary studies. The framework is designed in such a way that it has two
facets, which correspond to our research questions.

RQ1 - The publication trends of research studies in the context of mapping modelling languages.
RQ2 - Characteristics of the existing mapping modelling languages.

In Section 4.6.1 we detail the categories of the classification framework corresponding to RQ1., while
in Section 4.6.2 we detail the categories of the classification framework corresponding to RQ2.
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3.6.1 The publication trends

In this section, we explain the following publication trends of research studies in the context of
mapping modelling languages:

1. Publication years - The purpose of this category is to identify the year of publication without
any limitations on the time range, as we intend to include all publications that are relevant to
our research.

2. Publication type - Digital libraries include many publication types such as proceedings,
textbooks, editorials, standards, magazines, and more. We only include conference papers and
journal articles because we consider them to be peer-reviewed publications with high-quality
research.

3. Publication venues - The objective of this category is to identify which venues are the most
commonly targeted by researchers proposing mapping modelling languages.

4. Research type - According to the classification by Wieringa [16], the research studies are
divided into six categories. The research types and their definitions are listed below.

1. Evaluation Research - The study employs research methods such as case studies, field
experiments, and surveys to evaluate the use of tools or techniques in practice.

2. Proposal of the solution - According to [16], this paper proposes a solution technique
and argues for its relevance, without a full-blown validation. The technique must be
novel or at least a significant improvement of an existing technique.

3. Validation research - The properties of a solution proposal that has not yet been
implemented in practice are investigated in this paper. Experiments, simulations,
prototyping, mathematical analysis, mathematical proof of properties, and other
research methods are all possibilities.

4. Philosophical papers - These papers sketch a new way of looking at things, a new
conceptual framework, taxonomy, and others.

5. Opinion papers - These papers propose the author’s viewpoint on whether a technique
is good or bad, or how we should approach the problem.

6. Personal experience papers - According to [16], in these papers, the emphasis is on
what and not on why. The paper should contain a list of lessons learned by the author
from his or her experience.

5. Validation type - According to the classification by Shaw [17], the validation types are divided
into six categories. The validation types and their definitions are listed below.

1. Analysis - Validate results by analyzing them with the help of formal analysis,
empirical model, notation, or tool technique.

2. Experience - Validate that researchers' results are used on real examples by some
other researchers demonstrating their correctness, usefulness, or effectiveness.

3. Example - Validate results by providing examples of how it works on a toy example
or slice of life.

4. Evaluation - Validate presented results given by the stated criteria by providing a
qualitative or descriptive model.

5. Persuasion - Validate that research provides arguments for the advantages and
benefits of the proposed approach but does not offer empirical evidence or examples
of its use.

6. Blatant assertion - This study does not provide a serious attempt to prove the results.

3.6.2 Characteristics of the existing mapping modelling languages

In this section, we explain the characteristics of existing mapping modelling languages. We choose the
following characteristics by using the keywording method. According to [41], the use of keywords can
help reduce the time required to develop a classification scheme. Our procedure consists of reading the
titles and abstracts of our primary studies, and then looking for relevant keywords related to the
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characteristics of mapping modelling languages. In cases where the abstract is of poor quality (i.e., it
lacks relevant information), we then focus on the full text of papers. Next, we combine the set of
keywords from all primary studies in order to define a set of categories for the classification
framework which correspond to the characteristics of the mapping modelling languages. In the
following, we detail the characteristics that we considered relevant and their corresponding
descriptions:

1. Direction type - This category aims to identify whether the proposed mapping modelling
languages provide unidirectional or bidirectional mapping capabilities. Unidirectional
mapping rules allow the flow of mapping in only one direction, while bidirectional mapping
rules allow the flow of mapping in both directions [19].

2. Mapping cardinality - This category aims to identify whether the mapping modelling
language allows mapping only one element of a source model to one element of the target
model (one-to-one cardinality), whether it can map one element of the source model to
multiple elements of the target model (one-to-many cardinality), or whether it can map
multiple elements of the source model to only one element of the target model (many-to-one
cardinality). Many-to-many cardinality allows the mapping of multiple elements of the source
model to multiple elements of the target model.

3. Concrete syntax - In order to define a mapping modelling language, one or more concrete
syntaxes will have to be defined. This category aims to identify the concrete syntax of the
proposed mapping modelling language that describes how language elements are displayed
and edited. The possible values in our particular case can be textual, graphical, or both.

4. Supported model type - This category aims to identify the types of models that are supported
by the mapping modelling languages (i.e., which types of models can be imported/loaded into
the mapping modelling language so that the elements of these models can in turn be mapped).

5. Purpose - This category aims to identify the purpose of the proposed mapping modelling
language. It is possible to utilize mapping modelling languages to reach various purposes,
including the generation of code, model transformations and consistency.

6. Language of the generated artifacts - One of the purposes of mapping modelling languages is
to use the instantiated mapping models as input to transformations, and to create other
artifacts, such as code or model transformations. Generated artifacts conform to a specific
language. The aim of this category is to identify such languages.

7. Mapping modelling language implementation - This category aims to identify the languages
or frameworks used to implement the mapping modelling languages.

8. Documentation - This category aims to identify whether official documentation regarding the
mapping modelling languages is available.

9. Implementation - This category aims to identify whether the implementation of the proposed
approach is publicly available (e.g., Github repository).

Table 2 illustrates the complete classification framework where we outline the categories for each
research question, as well as the possible values assigned to each category.

Research question Category Value

Research type

Evaluation Research

Proposal of the solution

Validation research

Philosophical papers

Opinion papers
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RQ1

Personal experience papers

Validation type

Analysis

Experience

Example

Evaluation

Persuasion

Blatant assertion

RQ2

Direction type

Unidirectional

Bidirectional

Both

Not specified

Mapping cardinality

1:1

1:N

N:1

N:M

Concrete syntax

Textual

Graphical

Both

Not specified

Supported model type

Ecore

UML

RDF

OWL

EDM

Not specified

Purpose

Code generation

Model transformation

Consistency

Not specified

17



Marija Popović
Amila Čizmić

A systematic mapping study of mapping modelling
languages

Language of the generated
artifacts

QVT

ATL

XSLT

Not specified

Mapping modelling language
implementation

Java

PHP

Rust language

Eclipse

Protégé

Documentation
Available

Not available

Implementation
Available

Not available

Table 2: Categories of the classification framework and corresponding values

3.7 Data extraction
In order to extract the relevant information from our primary studies, we use the classification
framework described in Table 2. This classification framework provides the basis for the creation of
our Excel data extraction form. According to [21], the most effective way to extract data is for one
researcher to extract it, and then for the other researcher to verify the results. We, therefore, chose to
adopt this approach to data extraction. In spite of these adopted approaches we did encounter
difficulties extracting the needed information from some papers, so we jointly discussed the matter.
In the course of this process, we filled in all the necessary information in our extraction form, allowing
us to move forward to the next step, namely data synthesis.

3.8 Data synthesis
Following the extraction of data, the next step is to analyse the data. This is achieved by performing
both vertical and horizontal analyses. Within the vertical analysis, each category of the classification
framework is examined separately in order to discover trends over time and obtain quantitative results.
To improve the quality of the results, and to gain further insights on the topic, we conduct a horizontal
analysis as well. In the following, we provide a more detailed analysis of these types of analysis.
Vertical analysis: During the vertical analysis, the goal is to analyze data from primary studies in
order to collect information for all parameters that our classification framework has. The first thing we
do is analyse the primary studies individually and show their main features according to the
classification framework, and then analyse the set of studies to get potential patterns and trends.
Horizontal analysis: During a horizontal analysis, the goal is to analyze data from primary studies,
and in this way, we discover a possible relationship between the different categories defined for our
research questions. The goal is to find similarities as well as differences and repetitive patterns.
Results that do not show enough relevant data are excluded.
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4. Results
In this section, we present the results of the vertical and horizontal analysis of the extracted data.

4.1 Vertical analysis
The vertical analysis gives quantitative results for each category separately. The results obtained by
the vertical analysis are presented in tables and/or graphs and a textual description is provided for each
category.

4.1.1 Results analysis for RQ1

Publication years

Figure 3 presents the publication trends over the years. As we have already mentioned, we do not have
a limit on the year of publication, because we want to include all the papers that correspond to our
topic. The selected publications date from 2002 to 2019. As can be seen in Figure 3, the numbers of
publications per year vary. From 2002 to 2005, there were few publications, with two publications per
year in 2002 and 2003 and one publication per year in 2004 and 2005. In the range from 2006 to 2010,
with the exception of 2007, we notice the highest number of publications. The largest number of
publications is in 2010, with four publications per year. After that, there was again a decline from
2011 to 2018. Another increase is observed in 2019 with three publications per year, after which there
were no further publications. In the period from 2012 to 2016, we do not find any publications for
2014 with two publications per year.

Figure 3: Publication trend per year

Publication type

As previously stated, digital databases include a wide range of publications, including proceedings,
textbooks, editorials, standards, magazines, and other types of research papers. However, because of
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time constraints, we only consider conference and journal papers as they are peer-reviewed
publications presenting high-quality research. Figure 4 illustrates the number of considered conference
papers and journals. As it can be seen, 27/29 papers (93%), are published in conferences, while 2/29
(7%) are published in journals. We consider these results to be typical for this field because it tends to
take less time to publish research results at conferences than in journals since the review process for
conferences takes only a few months whereas the review process for journals can take up to a year (or
more).

Figure 4: Distribution of studies based on the publication type

Publication venues

By examining the publication venues, we identify which ones are most frequently targeted by
researchers proposing the mapping modelling languages included in our study. Interestingly, we notice
that there are many different publication venues. However, these venues are all related to the same
general research area, which is Computer Science. This result is not surprising being that in I5 we
specify that we include papers that correspond to topics related to Computer Science. The publication
venues for the selected primary studies are illustrated in Appendix B. The results highlight that we
have three cases with two conference papers published in the same publication venue. For instance,
we can notice that conference papers P2 and P21 have the same publication venue (10th International
Conference on Knowledge Capture (K-CAP)). Likewise, P8 and P24 also have the same publication
venue (International Semantic Web Conference (ISWC)). Last but not least, conferences P3 and P9
had the same publication venue, which is the ACM Symposium of Document Engineering.

Research types

Here we present the number of primary studies according to their research type. Primary studies are
classified into six categories, which are explained in Section 3.6.1. As can be seen in Table 3, 20/29
papers (69%) represent a solution proposal. These are papers that represent a new mapping modelling
language or an improvement of an existing language. Then we have 4/29 papers (14%) that belong to
the category of philosophical papers and 4/29 papers (14%) that belong to the category of evaluation
research. Philosophical papers typically provide a new way to look at things or a new conceptual
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framework, whereas evaluation research papers are often concerned with expressing problems in
practice and implementing techniques in practice. For evaluation research most often it is a case study,
field study, field experiment, or survey. Furthermore, we have 1/29 paper (3%) which represents
validation research. In paper P29, the authors state that the mapping construction process is proposed
in another work, and in this work, they are applying it to some examples to validate it. A few
interesting papers from the solution proposal category are P5, P6, P17, and P29. In P5 the authors
propose a language that describes the mapping between modeling languages and diagrams. Also,
examples of mappings and lessons learned from their use are described. In P6, the authors propose an
extended architecture that aims to semi-automate the transformation process in the context of MDA.
This architecture introduces mapping and pairing and is represented by models and metamodels. Also,
the various steps leading to a semi-automatic transformation process are described in detail. In paper
P17, the authors present proposals for defining mappings and representations in an abstract level
higher than the levels they are normally dealt with. The proposals are based on an in-depth analysis of
the state of the art in conceptualizations of mapping and representation in many systems, tools, and
initiatives. Also, the authors present real use cases in which software is developed following the
Common Warehouse Model (CWM) model and scheme. In P29, the authors show by practical
example how the mapping construction process can be applied to define the translation between UML
and non-UML modeling languages. In Table 3, we present the name of the category, number of
papers, and paper ID.

Category No. of papers Paper ID

Proposal of solution 20 P1, P4-P7, P11, P13-P16, P17-P20, P22-P24, P26-P28

Philosophical papers 4 P3, P9, P12, P21

Evaluation research 4 P2, P8, P10, P25

Validation research 1 P29
Table 3: Mapping of research types and primary studies

Validation type

As we already mentioned in Section 3.6.1, there are six types of validation. Considering our primary
studies, Table 4 illustrates the distribution of papers based on the validation type. In addition, we
demonstrate percentages in Figure 5. From these two graphical representations, we can notice that
authors of 15/29 papers (51,7%) validate their results by using an example validation type.
Alternatively, authors of 6/29 papers (20,7%) validate their results by using an evaluation validation
type. Alternatively, in 3/29 (10,3%) authors validate their approaches by an experience validation
type, in 2/29 (6,9%) papers by an analysis validation type, and in 2/29 (6,9%) by a persuasion
validation type. Finally, in 1/29 (3,4 %) paper, authors use the blatant assertion validation type.

In Table 4, we detail the validation type categories, the number of papers within each category, and
their respective IDs. From this table, it can be seen that many primary studies demonstrate the validity
of their approaches by providing examples. For instance, P10 presents an example of mapping
between models originally represented in two different modelling languages. P29, on the other hand,
shows an example of independence between the method and the metamodeling language, and in the
end, proves this independence. The next most represented category of validation type is evaluation.
This category validates presented results given by the stated criteria by providing a qualitative or
descriptive model. P19 is an example of this validation type because the authors provide quantitative
results of their analysis. Only a small number of primary studies fall into the experience category of
validation. This type of validation validates that researchers' results have been used on real examples
by some other researchers demonstrating their correctness, usefulness, or effectiveness. For instance,
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the authors of P2 introduce the language specification and system and then present their experience
using this language. The other two examples of this type of validation were P8 and P13. Only authors
of two papers validate their results by analysing them with the help of formal analysis, empirical
model, notation, or tool technique with the help of analysis type of validation. Furthermore, the
authors of another two papers validate their research and provide arguments for the advantages and
benefits of the proposed approach but they do not offer empirical evidence or examples of its use. So
it is noticeable that these two papers (P6 and P25) fall into the persuasion category of validation.
Finally, only one paper (P14) belongs to the blatant assertion category, because they do not provide a
serious attempt to prove the results.

Category No. of papers Paper ID

Example 15 P1, P3, P5, P7, P9-P12, P20, P21, P23, P26-P29

Evaluation 6 P4, P15, P16, P19, P22, P24

Experience 3 P2, P8, P13

Analysis 2 P17, P18

Persuasion 2 P6, P25

Blatant assertion 1 P14
Table 4: Mapping of validation types and primary studies

Figure 5: Pie chart - Validation types
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4.1.2 Results analysis for RQ2

Direction type

As we already mentioned in Section 3.6.2, a mapping modelling language allows the definition of
unidirectional or bidirectional mapping rules. Figure 6 illustrates that from our set of primary studies,
13/29 (45%) papers mention a mapping modelling language that allows the definition of
unidirectional mapping rules. For 8/29 papers (28%) the authors do not explicitly mention the
direction type and the supporting information in the paper is not sufficient to come to a conclusion.
Moreover, the analysis shows that 7/29 papers (24%) mention a mapping modelling language that
allows the definition of bidirectional mapping rules. In addition, one paper stands out as an exception.
The mapping modelling language proposed in P26 allows the user to specify both unidirectional as
well as bidirectional mapping rules, but not simultaneously. In P26, the authors mention that the
mapping metamodel must allow the specification of the interrelationships between the elements of the
two metamodels without modifying them. These two metamodels, in this case, are termed as left or
right metamodels. The Correspondence concept of the mapping modelling language contains a filter
in the form of an OCL expression named bidirectional. According to P26 when bidirectional is false,
then the mapping is unidirectional (from left to right) and when it is true then the mapping is
bidirectional (in both directions).
In summary, we notice that the number of mapping modelling languages that allow the definition of
unidirectional mapping rules is almost double the number of the ones that allow bidirectional mapping
rules. While the studies we select do not mention a reason why they allow unidirectional or
bidirectional mapping, we suggest two possible explanations; the first one is related to the purpose of
the mapping modelling language. That means that in certain cases such as in P8, the authors want to
map elements from diverse formats to RDF datasets, because of the benefits of the latter. However,
they do not want the reverse (RDF datasets to diverse formats) as they see no benefit in that.
Therefore, the mapping modelling language they propose only allows unidirectional mapping rules.
On the other hand, the second option is that it might also be possible that even in the cases where the
users want to map in both directions, the specification of bidirectional mappings might prove to be
harder than the one of unidirectional mappings, so they suggest that the user-defined two mapping
models (one for each direction).

Figure 6: Distribution of primary studies per direction type
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Mapping cardinality

In section 3.6.2 we mention that we have a few types of mapping cardinalities. The classification of
these types of cardinality is based on the concept of similar structure and semantics between
metamodel elements. The mapping cardinalities we extract from our primary studies are one-to-one,
one-to-many, many-to-one, and many-to-many. In Figure 7 we illustrate the distribution of primary
studies per mapping cardinality. The majority of papers 10/29 (35%) exhibit a one-to-many
cardinality. In 10/29 (35%) papers, the cardinality type is not specified and the information included in
the publication is not sufficient to come to a conclusion. Moreover, 7/29 papers (24%) exhibit a
one-to-one cardinality, while 1/29 paper (3%) exhibit a many-to-one cardinality, and 1/29 paper (3%)
exhibit a many-to-many cardinality. In summary, the results highlight that the majority of mapping
modelling languages allows the definition of one-to-many mapping rules. This could be because the
one-to-one cardinality could be limiting (e.g., there might be cases where one element in the source
model can be mapped to multiple elements in the target model, but the one-to-one mapping cardinality
does not allow that). Many-to-one mapping rules can also be limiting for the same reason, while
many-to-many mapping rules could be harder to specify.

Figure 7: Distribution of primary studies per mapping cardinality

Concrete syntax

As we already mentioned in Section 3.6.2, to define modelling languages, we need to define one or
more concrete syntaxes to describe how language elements are displayed and edited. This is also
applied to mapping modelling languages. The extracted values for the concrete syntax from our set of
primary studies can be textual, graphical, or textual and graphical.
According to Figure 8, we can notice that in our case, the graphical concrete syntax is commonly
used. It is noticeable that 12/29 (41%) of papers in the primary studies propose a mapping modelling
language with graphical concrete syntax. Furthermore, 11/29 (38%) of papers propose a mapping
modelling language with textual concrete syntax. We can notice that 5/29 (17%) of papers had both a
textual and graphical concrete syntax. Finally, we can see that for only 1/29 (4%) of paper concrete
syntax it is not specified. We extract these results by strictly focusing on the explicit information
provided by the authors related to whether the mapping modelling language has a graphical and/or
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textual syntax. When this information is not explicitly mentioned by the authors, then we conclude
that the information is not specified.
Several authors have discussed how the choice of a graphical or textual modelling language affects
different quality features of the software development process, given the variety of proposals
supporting both textual and graphical notations. During our research, we notice that research papers
frequently mention graphic notations as having significant advantages over textual notations for
mapping. Likewise, as we already mentioned, in our case graphical notation was also most frequently
mentioned.
In terms of the advantages of graphical notations over textual notations, the authors of [27] claim that
graphical notations may improve the model comprehensibility of models by providing a more direct
mapping between internal and external domain representations. Another justification for using
graphical notations, according to [26], is that “it tends to be a higher-level description of the desired
actions (often de-emphasizing issues of syntax and providing a higher level of abstraction)”.
Nevertheless, the gap between these two notations is not huge (only two papers). Concluding that, we
notice that textual notations are also strongly represented. According to P8, authors argue that because
textual modelling languages are similar to programming, they have a lower learning curve than
graphical representations, which can improve their efficiency when compared to graphical
representations for a particular set of stakeholders.
However, both of these types have their own set of advantages and disadvantages. The authors of [22]
investigated a combination of these two types to take advantage of both these types. Likewise, the
authors of [1] are focused on mixed textual and graphical notations, in particular UML profiles. This
framework demonstrates the ability to mitigate the drawbacks of both notations and to exploit the
synergy of combining their benefits by seamlessly combining graphical and textual modelling. The
experiments reveal a number of tangible advantages, including increased flexibility for separating
concerns, improved multi-view modelling features, increased convenience of text-based editing
operations, and increased modelling efficiency. Considering that, we conclude that a mapping
modelling language that offers the combination of these two notations would probably be the best
solution.

Figure 8: Distribution of primary studies per concrete syntax
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Supported model type

In this category, we want to reveal what types of models can be mapped by the proposed mapping
modelling languages. Figure 9 illustrates the distribution of primary studies according to the supported
model types that can be mapped using the proposed approach. The majority of studies 9/29 (31%)
propose mapping modelling languages that are used to define links between RDF models. According
to P15, the data model that describes data as a collection of entities and relationships is called the RDF
model. In this model, a node represents relationships and entities and they are identified by a Uniform
Resource Identifier (URI). According to [29], there are many advantages of RDF, and the main
advantage we believe is data interoperability. Some of the benefits of RDF are that it is based on open
source, languages and standards, is a comparatively complete suite of specifications including
languages, schema and tools (e.g RDF, RDF Schema, OWL), and schema that is based on RDF can be
extended and augmented without affecting existing data stores, graphs are modular and can be easily
combined or disassembled, and many other benefits listed in [29]. A benefit of RDF is also that it can
represent, describe, combine, extend as well as adjust the data and their organizational schema flexibly
and as desired [29]. Also, a large number of studies 8/29 (28%) propose mapping modelling languages
that specify mappings between elements of UML. This result is not surprising because UML is
considered a de-facto and de-juro standard in the industry with regard to software development [25].
Furthermore, for 6/29 (21%) studies we could not find any information related to this category. When
we talk about Ecore or OWL, we found only 3/29 (10%) papers from primary studies for Ecore and
2/29 (7%) for OWL. The least primary studies, i.e. only 1/29 (3%) are about EDM model types.

Figure 9: Distribution of primary studies per supported model type

Purpose

In this category, we classify the proposed mapping modelling languages based on their purpose. The
categories are defined during data extraction and the ones we extract are code generation, model
transformation and consistency. The authors of the papers explicitly state the purpose of the proposed
mapping modelling language. For example, if the authors mention that model transformations are used
for consistency management through a mapping model, then in that case, both model transformations
and consistency management would be included, but if only consistency management is mentioned,
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then only that has been included regardless of whether consistency management is supported by model
transformations or not. In Figure 10 we illustrate the distribution of primary studies per purpose. As
can be seen, for the majority of primary studies the purpose of the mapping modelling languages is not
specified in 13/29 studies (45%), so it is not clear for what purpose they can be used. Also, 12/29
(41%) discuss the use of the instantiated mapping models to drive the generation of model
transformations, and 3/29 (10%) of studies discuss the use of the instantiated mapping models for
code generation. Code generation can be seen as the automatic transformation of the model into code.
The generated code can conform to a variety of languages such as Java, HTML, C++, and more. One
example of code generation is Eclipse Vorto presented in P1. Eclipse Vorto represents an open-source
project and includes a domain-specific language (DSL) to define the textual device description syntax.
Models are created using the DSL. Vorto offers various code generators as well as a code generator
API that can be used to convert any information model into a code skeleton. By reading paper P13, we
saw that the purpose is related to model transformation. In this paper, the authors demonstrate how
live model transformations can complement mapping models in providing bidirectional
synchronization and implicit traceability between models of the abstract and concrete syntax. Only
1/29 paper (4%) discusses the use of mapping modelling languages for consistency purposes, while we
do not find any study in which the purpose of mapping modelling language was model validation,
comparison, migration, or refactoring. One reason why there could be only one paper that discusses
mapping models for the purpose of consistency could be that in the literature consistency is usually
offered via traceability links. Even though traceability models and mapping models could be similar at
times, in this study we focus exclusively on mapping models only.

Figure 10: Distribution of primary studies per purpose

Language of the generated artifacts

In Figure 11 we present the distribution of primary studies according to the language to which the
generated artifacts from the use of mapping models as input to different model operations conform to.
As can be seen, 20/29 (69%) papers do not specify this information. This could be because as it can
be seen from Figure 10, 13/29 (45%) papers do not even specify the purpose for which they are used
or the model operation they can support. Then we have 4/29 (14%) papers that mention XSLT. About
Atlas Transformation Language (ATL) we have 3/29 (10%) papers. About Query/View/Transformation
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(QVT) we have 2/29 (7%) papers. Now we will explain these languages. One of the languages for
transformation that is mentioned many times is ATL. Furthermore, one more of the reasons why ATL is
the most mentioned may be that it hides complex transformation algorithms behind simple syntax
[30]. According to P3, ATL and QVT are transformation languages that are dedicated to performing
transformations within the MDA framework. These two languages address the problem of model
transformation by adding a higher abstraction level, which is the Meta-Object Facility (MOF)
meta-meta-model. According to paper P9, XSLT is a transformation language that is widely used today
despite some limitations. We can hardly know whether two XSLT stylesheets give the same result or
change their presentation incrementally. What makes the development of an XSLT program more
difficult is that the mapping and transformation process is not clearly separated. Paper P13 says that
QVT is the OMG standard language for capturing model transformations. QVT language uses a similar
formalism as the triple graph grammar. According to P6, “QVT is described by a metamodel as a
general formalism and abstract syntax for model transformation in MDA”.

Figure 11: Distribution of primary studies per language of the generated artifacts

Mapping modelling language implementation

In this category, we identify languages and frameworks that the authors of the selected primary studies
used to implement the mapping modelling language. During the data extraction process, we
discovered that the authors in most papers do not state in which languages and frameworks they
implement mapping modelling languages. This is the case for 19 papers from primary studies. Based
on the results obtained from 10 primary studies, some of them mention the language that is used to
implement mapping modelling language, while others mention a framework in which the mapping
modelling language is implemented. We understand that there might be overlapping between the two
(e.g., P4 states that the mapping modelling language was implemented in Java, while P26 states that
the mapping modelling language was implemented in Eclipse, without giving further details on the
language used. Thus, it could be that the authors in P26 also use Java, but this information is not
explicitly mentioned by them, and we cannot make any assumptions. Therefore, with the information
in hand, the easiest way to present the results is to divide them into two categories. These categories
are languages and frameworks. As can be seen in Table 5 some papers mention the language used to
implement the mapping modelling language, while others provide a framework in which the mapping
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modelling language is implemented. In the category of languages, we have that in 4/29 (37%) papers
where mapping modelling language is implemented in Java. Furthermore, 1/29 (9%) of mapping
modelling languages are implemented in languages such as PHP and Rust language. Four papers (P4,
P7, P22 and P23) proposed a mapping modelling language that was implemented in Java. According
to P7, the mapping modelling language is implemented in Java and contains different types of model
elements such as simple properties, multivalued properties, or associations between classes. In paper
P21, it was said that D-REPR is implemented using the Rust language. In the category of frameworks,
for Eclipse, we have 2/29 (18%) papers. In paper P26 it is mentioned that the mapping modelling
language is based on a metamodel and implemented as a tool on Eclipse. According to [P12], the
Eclipse Modelling Framework (EMF) is a modelling framework and code-generating facility to
support the creation of tools and applications driven by models. EMF is based on Ecore and enables
the creation of specific metamodels. Also, EMF is one more plug-in that can be used as it is or can be
extended to other plug-ins. In the context of the Eclipse, the plug-in is a mechanism for extending the
basic architecture of the Eclipse with things that have a common or different purpose, where they
share a common environment. For the Protégé we have 1/29 (9%) paper. In the P24, the Mapping
Master language is implemented as a plug-in for the Protégé ontology editor.

Language Framework

Java 4 Eclipse 2

PHP 1 Protégé 1

Rust language 1
Table 5: Categories of languages and frameworks for implementation of mapping modelling language

Documentation and Implementation

The purpose of this category is to identify whether the documentation or implementation of the
proposed mapping modelling languages is available. Figure 12 shows that 26/29 (90%) papers from
the primary studies do not have available documentation, while only 3/29 (10%) have available
documentation. Figure 13 shows the number of primary studies in which implementation is available
and in which it is not available. The analysis shows that implementation is not available in 23/29
(79%) primary studies, while it is available in 6/29 (21%) studies. As can be seen, for a very small
number of papers we have documentation and implementation available. This may be due to the fact
that these tools are generally proof-of-concept prototypes and not well-established open-source tools
that are available with source code and official documentation. However, the user is always more
likely to use something if it is explained how to use it or if there are instructions associated with it. In
light of the absence of documentation and implementation in most of the primary studies, it is difficult
to determine the purpose for which the mapping modelling language can be utilized or what
advantages it offers unless they are mentioned in the paper. We are therefore unable to specify values
in many categories, since the papers do not include the required information, and there are no other
sources of information to reference. This is one of the drawbacks of the unavailable documentation
and implementation. For the papers that provide documentation and implementation, there is a link to
the Github repository.
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Figure 12: Distribution of primary studies per documentation

Figure 13: Distribution of primary studies per implementation

4.2 Horizontal analysis
We perform a horizontal analysis to identify possible connections between categories in our
classification framework. We do this by cross-tabulating data from different categories and analyzing
relevant insights.
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4.2.1 Purpose and language of the generated artifacts

In Figure 14 we present the distribution of primary studies according to the relations between the
language of the generated artifacts and the purpose of the mapping modelling languages. With regards
to mapping modelling languages that drive the generation of model transformations, we notice that in
12 papers, it is mentioned the generation of model transformations in the following languages: ATL,
QVT, and XSLT. 3/12 (25%) papers said that mapping modelling languages drives the generation of
model transformation, and generated transformations are conform to the ATL language. However,
model transformation is conform to QVT language in 2/12 (16,7%) papers and 2/12 (16,7%) to XSLT
language. Furthermore, 5/12 (41,7%) of primary studies propose a mapping modelling language that
drives the generation of model transformations but without specifying the language of generated
artifacts.
Furthermore, we come across only three primary studies that propose a mapping modelling language
that supports code generation, but without specifying the language to which the generated code
conforms to.
Consistency is only mention in one paper but does not support any generated artifact.
Finally, in 13 papers, the authors provide details on the language of the generated artifacts but they do
not provide other details regarding their purpose. From these papers, XSLT is mentioned in 2/13
(15,4%) papers, but we also have 11/13 (84,6%) mapping modelling languages that do not specify
either the purpose or the language of the generated artifacts.

Figure 14: Mapping of purpose and language of generated artifacts

4.2.2 Purpose and supported model type

In Figure 15, we illustrate the relationship between supported model types and the purpose of the
mapping modelling language. With regards to mapping modelling languages that drive the generation
of model transformations, we notice that the majority support UML, RDF and Ecore models. In other
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words, 3/12 (25%) papers support UML, 3/12 (25%) RDF and 3/12 (25%) Ecore models. Similar to
that, model transformation supports OWL model type in 2/12 (17%) papers. However, 1/12 (8%)
primary study proposes a mapping modelling language that drives the generation of model
transformations but without specifying the type of models that it supports.
On the other hand, as for mapping modelling languages that support code generation, we find out that
they support RDF in 1/3 (33,3%) paper, UML in 1/3 (33,3%) paper, and EDM in 1/3 (33,3%) paper.
Consistency is only mentioned in one paper (3,4%) but does not specify which models it supports.
Furthermore, in 13 papers, the authors provide details on the supported model types but they do not
provide other details regarding the purpose. Nonetheless, RDF is mentioned in 5/13 (38%) papers, and
UML in 4/13 (31%). It should be noted that we also have 4/13 (31%) mapping modelling languages in
which neither the purpose nor the supported model type is specified.

Figure 15: Mapping of purpose and supported model type

4.2.3 Direction type and mapping cardinality

As can be noticed from Figure 16, 1:N cardinality is mentioned in 10 primary studies. 4/10 (40%)
mapping modelling languages allow the definition of unidirectional mapping rules with a 1:N
mapping cardinality. Likewise, 2/10 (20%) mapping modelling languages allow the definition of
bidirectional mapping rules with this type of mapping cardinality. Furthermore, one (10%) mapping
modelling language allows both the definition of unidirectional and bidirectional mapping rules with a
1:N mapping cardinality. For 3/10 (30%) papers the direction type is not specified. From that can be
noticed, that this type of mapping cardinality (1:N) is the most common one. 1:1 mapping cardinality
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is mentioned in seven primary studies. For instance, 4/7 (57%) mapping modelling languages allow
the definition of unidirectional mapping rules with a 1:1 mapping cardinality. Moreover, 2/7 (28%)
languages allow the definition of bidirectional mapping rules with this type of cardinality. And finally,
for one paper (14%) the direction type is not specified.
Nonetheless, we notice that 1/1 (100%) mapping modelling language allows the definition of
bidirectional mapping rules with an N:1 mapping cardinality. Likewise, 1/1 (100%) mapping
modelling language allows the definition of bidirectional mapping rules with an N:M mapping
cardinality.
Furthermore, we notice that the 10 mapping modelling languages do not specify their mapping
cardinality. 5/10 (50%) mapping modelling languages that allows the definition of unidirectional
mapping rules and 1/10 (10%) mapping modelling language that allows the definition of bidirectional
mapping rules, do not specify their cardinality. It should be noted that we also have 4/10 (40%)
mapping modelling languages in which neither the cardinality or the direction type is specified.

Figure 16: Mapping of direction type and mapping cardinality

4.2.4 Research type and validation type

Figure 17 shows the high concentration of primary studies that used the example to validate the
proposed solution in 9/20 (45%) papers. Likewise, the authors use evaluation 6/20 (30%) to validate
the aforementioned research type of primary studies.
We can notice that the authors use each of the mentioned validation types to validate the proposal of
the solution research type. In addition to the results above, for this research type, the analysis is used
in 2/20 (10%) papers. Moreover, experience, evaluation and persuasion are mentioned in only one of
these papers (5%).
In order to validate evaluation research, the authors use experience in 2/4 (50%) papers, example in
1/4 (25%) paper and blatant assertion in 1/4 (25%) paper. On the other hand, philosophical papers 4/4
(100%) and validation research 1/1 papers (100%) are validated only by using example types of
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validation. However, no research types like opinion papers and personal experience are proposed in
our primary studies.

Figure 17: Mapping of research and validation type
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5. Related Work

Research on mapping modelling language has been conducted by various research teams as well as
individual researchers. However, we have not come across any existing works that provide a
structured overview of this research in the form of systematic studies. As a result, this section
concentrates on other secondary studies that discuss the comparison of mapping modelling languages.

The authors of [33] present a comprehensive formal and conceptual comparison of mapping modelling
languages. The authors conclude that the choice of mapping formalism based on the formal
characteristics of language is critical to the successful composition of ontologies. In addition, a
metamodel is presented, as well as a language for graphic modelling in order to support the choice of
language based on its characteristics. However, unlike our study, their study focuses more on a
comprehensive comparison of ontology mapping modelling languages on a formal and a conceptual
level.

On the other side, the authors of the [34] paper investigate a set of mapping modelling languages that
inhibit complementary characteristics and present an initial set of comparative characteristics based on
requirements proposed in the mapping modelling languages' reference works. As a result, they
discover nine characteristics that were categorized into three categories. These three categories are
non-functional characteristics, data source support, and functional characteristics. After that, the
authors determine how to distinguish characteristics that apply to the mapping modelling language and
those that apply to the mapping modelling language's processors. For example, a mapping modelling
language can be extended to support a specific data source, but processor support for that data source
may be difficult to achieve. However, this study focuses on a small subset of chosen mapping
modelling languages.

The authors of the study [14] propose a comparison framework, in order to provide a comparison
based on the state-of-the-art of RDB-to-RDF mapping modelling languages. Moreover, this
comparison framework is applied to these languages in order for the authors to present the obtained
classification results. As a result, they got four categories of mapping modelling language: direct
mapping, read-only general-purpose mapping, read-write general-purpose mapping, and
special-purpose mapping. Furthermore, they describe the characteristics of these categories in order to
recommend the best choice for mapping modelling language. However, this study focuses strictly on
the comparison of RDB to RDF mapping modelling languages, while we have a much broader scope.
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6. Discussion

The purpose of this systematic mapping study is to reveal relevant insights related to mapping
modelling languages. In order to describe and interpret the significance of our findings, we will
discuss here the results obtained by the vertical and horizontal analysis introduced in Section 4.

RQ1 is related to publication trends, and most of the primary studies were published at conferences
while only two papers were in journals. It can be said that this is common in the software engineering
literature. Research has shown that 72% of primary studies were solution proposals. Also, the authors
of 51,7% of papers validated their results through examples. As for the publication site, two primary
studies each were published in the 10th International Conference on Knowledge Capture (K-CAP), the
International Semantic Web Conference (ISWC) and the 8th ACM Symposium on Document
Engineering. All other studies were published in different places.

RQ2 allowed us to identify the characteristics of currently existing mapping modelling languages. The
extraction of results for this category was one of the biggest challenges as few papers did not provide
information for certain categories. However, the ​​available values showed that unidirectional mapping
was the most common one with 45%. The category related to mapping cardinality showed that 1:N
was the most common cardinality with 38%. But for a large number of papers, 35%, we could not
identify the mapping cardinality. Regarding concrete syntax, the results showed that 44,8% of
mapping modelling languages support graphical syntax. Category related to the supported model type
showed that 31% of mapping modelling languages map elements of RDF models. Mapping modelling
languages were used for different purposes, and our analysis showed that for 45% of studies it was not
indicated for which purposes they can be used, while for 41% of studies the purpose was model
transformation.

In our research, we presented the languages to which the generated artifacts conform to. According to
this, we concluded that the majority of papers 69% did not specify this information. Moreover, 14% of
papers mentioned that the mapping modelling languages can drive the generation of transformation
that conform to XSLT, 10% of papers mentioned that mapping modelling language drives the
generation of model transformations that conform to Atlas Transformation Language (ATL), and 7%
of papers mentioned that mapping modelling language drives the generation of model transformations
that conform to Query/View/Transformation (QVT). One another note, the analysis of mapping
modelling language implementation showed that 37% of languages were implemented in Java.
Regarding documentation and implementation, it was not available for a large number of papers.
Documentation was not available for 90% of the papers, while implementation was not available for
79% of the papers.

To achieve our last research outcome, in the following we provided a comparison of mapping
modelling languages with regards to blended modelling. To begin with, it is important to note that in
the primary studies we selected, none of the mapping modelling languages has been used for the
purpose of synchronizing textual and graphical notations.
In the introduction, we mentioned that to generate a blended modelling environment, synchronization
mechanisms were required, and they are provided through model transformations. Therefore, in this
discussion, we narrowed our focus only on studies that propose mapping modelling languages that
support the generation of model transformations. From the results of the vertical analysis, we
identified that these mapping modelling languages were proposed in 12 papers. Before going further
with identifying whether these mapping modelling languages would be suitable candidates for blended
modelling, we first defined a few crucial characteristics that we expect these mapping modelling
languages to have. As mentioned before, even though none of the papers mentioned that the mapping
modelling language is developed with the clear purpose of synchronizing textual and graphical
notations, we focused on the ones that support the generation of model transformations as this is a
crucial aspect of providing an efficient blended modelling environment. We also narrowed our focus
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only on these papers because of the fact that mapping modelling languages are defined to support
different model operations, and that might have also affected the way that they were build, as they
were entailed to different purposes (e.g., we believe that a mapping modelling language that is develop
for supporting model transformations, could differ from one that is develop to support consistency as
these two operations can have different characteristics and different needs from the mapping
modelling language). Moreover, it was desirable for the mapping modelling language to support both
graphical and textual notations as that would facilitate the process of defining mappings for different
stakeholders with different capabilities. Also, the purpose of blended modelling was not only to
provide such an environment but also to do that in an efficient manner that was less troublesome for
the user. Moreover, we narrowed our focus to mapping modelling languages that allow defining
mapping rules between elements of Ecore models. Based on these characteristics, the closest candidate
was the mapping modelling language proposed in P12, which fulfils all conditions. However,
according to the authors, the textual syntax was read-only to make the mapping model more
understandable, while we required both syntaxes to be editable.
The analysis also showed that the mapping modelling language proposed in paper P2 could be a good
candidate because it fulfils two out of three conditions. More specifically, the mapping modelling
language in P2 supports the generation of model transformations and has both textual and graphical
concrete syntaxes. However, in this case, the supported model type was not Ecore, but RDF.
However, it is important to note that none of these papers mentioned that a mapping modelling
language is defined to synchronize between textual and graphical notations. Similarly, none of these
papers explicitly stated that the authors want to provide a hybrid model, hybrid modelling, or blended
modelling.
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7. Threats to validity
In this section, we present the potential threats to the validity of our study as well as the approaches
we have used to mitigate them.

External validity

According to [32], external validity concerns whether results can be generalized outside of our
research scope. A threat that could have limited our study is the existence of a set of primary studies
that are not representative enough of the research on this topic. To mitigate this threat, our search is
conducted to three large digital libraries in software engineering (IEEE Xplore Digital Library, Web of
Science and ACM). Also, in order to get as many primary studies that are relevant to our topic, we
apply backward snowballing. One of the possible threats is that we exclude particular types of
publications including book chapters and workshops. However, we have included conference and
journal papers that are of high quality and contain relevant information. Another possible threat is that
we only do backward snowballing. The limitation in this case is that we might have missed papers
relevant to our topic which are published later than our primary studies. To mitigate this threat, the
best way is to conduct a forward snowballing, but due to time constraints we were not able to perform
this step. Another threat that may arise to the external validity of our study is that primary studies for
non-English papers are excluded. This threat is negligible because English is the de-facto standard
language used for scientific papers. Only peer-reviewed publications are selected because they are
expected to provide scientific work of a certain quality that has been assessed by peers.

Internal validity

Internal validity includes whether the results of the study are legitimate due to the way the data was
recorded or the analysis performed [38]. To mitigate the influence of these threats, we define a
detailed study protocol according to the guidelines proposed in [15]. Furthermore, we design the
framework in such a way that it has two aspects that correspond to our research questions. The
classification framework for extracting data from primary studies is iteratively revised. Quantitative
data is analyzed using descriptive statistics, so for this reason, the threats to the validity of data
analysis are minimal. Also, all ambiguities are resolved together with the thesis supervisors. The
replication package1 consists of extracted data from primary studies. As can be seen, we have
categories for both research questions.

Construct validity

The validity of primary studies and extracted data based on defined research questions refer to
construct validity [35]. The main threat is the existence of a set of primary studies that are not relevant
of the population defined by our research questions. To mitigate this threat, a search is conducted in
three digital libraries as well as applied backward snowballing. The search string is created according
to the terms extracted from the research questions, so we are convinced that it is valid. After that, we
perform preliminary searches in three digital libraries and refine the search string based on an analysis
of a set of sample studies. In the end, all studies that are relevant were reviewed according to
deterministic and clear selection criteria.

Conclusion validity

The focus of conclusion validity is related to the relationship between the extracted data and obtained
results [35]. This study is conducted using accepted systematic methods documented in the study
protocol. The protocol can be used by other researchers to verify our study. This was achieved by: (i)

1 Data extraction
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we explained in detail how and why we constructed the classification framework, (ii) categories and
data were refined throughout the entire data extraction process, and (iii) a replication package was
available for repeatability and transparency.
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8. Conclusion
This master thesis presented a systematic mapping study of mapping modelling languages. The goal
was to identify existing mapping modelling languages and classify them based on their characteristics.
To conduct this study, we followed the guidelines for systematic mapping studies proposed in [15].
The initial set of relevant studies consisted of 2913 publications. The selection of primary studies
through a well-documented process has led us to the final 29 primary studies that are relevant. To
extract information from the set of primary studies, we have defined a classification framework that
can be used for future research. Vertical and horizontal analysis were used to analyze the data in order
to provide quantitative results for each category separately, as well as between categories.

In the following, we present the main results of this thesis:

1. Research on mapping modelling languages focused on providing solution proposals that were
based on introducing a new mapping modelling language or improving an existing one.

2. Most mapping modelling languages supported the definition of unidirectional mapping rules.
3. Although for a large number of papers mapping cardinality was not specified, the results show

that 1:N is the most common cardinality.
4. According to the results, a major number of mapping modelling languages supported a

graphical syntax.
5. The majority of studies proposed mapping modelling languages that can be used to define

links between RDF models.
6. The results showed that for a major number of studies, the purpose was not specified. But, for

a large number of papers the purpose was model transformation.
7. Four papers mentioned that the mapping modelling languages can drive the generation of

transformation that conform to XSLT.
8. Most mapping modelling languages were implemented in Java.
9. For a very small number of papers we have available documentation and implementation.
10. By analyzing the results we saw that there are no papers that meet all the criteria for blended

modelling, according to the criteria listed in discussion, but there were two papers that are
good candidates for blended modelling. The closest candidate is paper P12, that fulfils all
conditions, but the textual syntax was for visualisation purposes only to make the mapping
model more understandable.

Regarding future work on this topic, we would like to extend the research of mapping modelling
languages with a focus on the taxonomy of mapping modelling languages as well as a more detailed
analysis of their characteristics in the scope of blended modelling.
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1
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symposium on Principles of database systems
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Research
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Table 6: List of publication venues
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