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Within this thesis we conduct a research with the aim of improving the development process and
quality of model driven engineering environments. We researched 16 MDEEs on their design
decisions in transformation processes and modeling elements through documentation studies
and experts interviews. Additionally, we identified and listed advantages and disadvantages per
design decisions. In the end we created categorization, which showed that many model driven
engineering environments do not make use of documented standards. As such, we proposed
an extension to the current MDA framework, by including functional modeling languages, and
requesting the MDE community to come up with standards that fit into our extended MDA.
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Chapter 1

Introduction
The pervasiveness and complexity of software systems used by society is growing exponentially
(Afonso et al., 2006). To make sense of the often convoluted software systems and reduce
complexity, software engineers make use of models (van Lamsweerde, 2009; Ludewig, 2003;
Mellor et al., 2003). Next to reducing complexity, the use of models has held many promises of
improvement, including: software quality, problem solving, design capabilities and productivity
(Booch et al., 1999; Fowler, 2004; France and Rumpe, 2007). Models are not limited to a certain
activity or phase, instead they are found in activities around the entire Software Development
Life Cycle (SDLC) such as requirements engineering (van Lamsweerde, 2009; Loucopoulos and
Karakostas, 1995), system design (Constantine and Lockwood, 1999; Buede, 2011), documentation
(Briand, 2003; de Souza et al., 2005), testing (El-Far and Whittaker, 2001; Utting and Legeard,
2010) and maintenance (Grant et al., 2012; Arisholm et al., 2006).
Ever since computers were invented, researches have been searching for methods to increase the
abstraction level at which software engineers code (Sendall and Kozaczynski, 2003), eventually
to the level of models (Schmidt, 2006). Nowadays, compilers automatically perform exception
handling, object allocation and method look-up, which required manual programming before
(Atkinson and Kuhne, 2003). Model driven engineering (MDE) raises the abstraction level even
further (Völter et al., 2013), and has grown as a development methodology that is applied in
a variety of domains (Mohagheghi and Dehlen, 2008), amongst others in telecommunications
(Baker et al., 2005), business applications (Deng et al., 2003), web applications (Brambilla et al.,
2005), car systems (Kirstan and Zimmermann, 2010), avionic systems (Bloomfield, 2005; Jouenne
and Normand, 2005) and radio systems (Trask et al., 2006).
Although MDE is best known to increase productivity, portability, maintainability and interoperability through higher abstraction and facilitating automation (Kleppe et al., 2003; MacDonald
et al., 2005; Staron et al., 2004), it is also used for other benefits such as improved code quality
(Weigert and Weil, 2006; Trask et al., 2006), communication/information (Shirtz et al., 2007),
traceability (Anda et al., 2006) and even cost estimation (Raistrick, 2005; Staron, 2006). MDE
does not only hold promises and stories of success, there are also challenges and negative consequences attached as reflected by the wide variety of productivity gains ranging between -27%
(MODELWARE Project, 2006) and 800% (Baker et al., 2005). Results from psychology generally
(Johnson-Laird, 2006; Blanchette and Dunbar, 2001) and psychology of programming specifically
(Segal, 1996), show that abstraction can have a negative effect on programming because thinking
in more abstract terms is harder, with a tendency for individuals to prefer concrete instantiations
over abstract conceptualizations.
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Problem Statement

As there are different categories of MDE, and the benefits and drawbacks of MDE depend on the
context, MDE Environment (MDEE) producing organizations face a difficult choice to select the
right variant for their business (Hutchinson et al., 2014). Once the variant is chosen, it remains a
challenging task to develop a coherent MDEE (Mohagheghi and Dehlen, 2008), more specifically
the development and integration of (domain specific) modeling languages and transformation
tools (Mohagheghi et al., 2009; van der Straeten et al., 2009). Although the creation and/or
implementation of a MDEE requires high expertise and involves risk, it has great potential once
the MDEE is in place (Mohagheghi et al., 2013), as demonstrated by a potential productivity
increase of 800% (Baker et al., 2005).

1.1.1

Research questions

This thesis aims to make the designing of an MDEE more easy, by posing the following main
research question: “How can software producing organizations be supported in designing a Model
Driven Engineering Environment? ”. The implied goal of our main research question is to capture
design decisions of existing MDEEs and use them in creating an effective instrumentation that
facilitates transparency between a group of design decision and its consequences. To realize this
goal, the main research question is divided in four subquestions:
1. What does a model driven engineering environment encompass?
We conduct and present an unstructured literature study on the topic of MDE and available
tooling so as to formulate a proper definition of “ Model Driven Engineering” and “Model Driven
Engineering Environment”. Additionally, these definitions serve as a selecting mechanisms to
identify qualifiable case study products for the next research question.
2. What differences exist between model driven engineering environments and what design
decisions underlie these differences?
By means of case studies, expert interviews and document studies, we compare 16 MDEEs in
order to identify differences and similarities. Because a difference is the result of a different
design (decision), capturing all the differences allows easy distillation of design decisions. Next,
we report the differences and similarities of all case study products in a single cross table, and
sent this table to the interviewed experts for validation.
3. What advantages and disadvantages results from these design decisions?
Each design decisions has advantages and disadvantages. To extract these advantages and
disadvantages, we discuss relevant identified design decision during the expert interview of
the respective MDEE. We now have a list of individual design decisions with corresponding
advantages and disadvantages.
4. How can model driven engineering environments be categorized in a systematic way?
We divide the MDEEs in different categories based on their shared characteristics (i.e. design
decisions), to foster design decision making in future MDEE development. Finally, we visualize
the identified categories in a MDEE category model (MDEECM), in such a way that their
coherence is clear, and interview the experts once more to validate the MDEECM. Goal of this
categorization is to help the MDE community in making (design) decision for their respective
MDEEs.
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Scope

To make the workload of this thesis manageable in a timespan of nine months, we add the
following restrictions to our research:
1. Enterprise Application Software: we only focus on MDEEs specifically designed for
the development of Enterprise Application Software1 (EAS). This excludes MDEEs designed
for the development of software such as (text) editors, games or operating systems.
2. Traditional computer devices: our research only focuses on MDEEs which specifically
produce software for traditional computer devices such as PCs and laptops. We thereby
exclude MDEEs which only produce embedded software, mobile apps or software for
gaming consoles. Note that MDEEs which produce software for non-traditional devices
next to traditional software are included.
3. More than UI or database structures: we are only interested in MDEEs which
produce both (parts of) the back- and front-end of applications. MDEEs solely focused on
the development of User Interfaces (UIs) or database structures are excluded.
4. Generation/interpretation process, data model and process model: we will only
study MDEEs on their generation/interpretation process and meta-model. We explicitly
do not focus on modeling environments due to the theoretically infinite number of design
decisions (e.g. different menu’s, buttons, colors, test functionalities etc.). Moreover, we
feel that design decisions within the modeling environment are not a technical threshold
but lay more in the domain of UIs.
5. Information availability: our research requires that for each MDEE at least one product
expert is available for an interview. MDEEs which cannot comply to this requirement are
unfortunately excluded.

1.2
1.2.1

Relevance
Scientific Contribution

The scientific contribution of this thesis is fourfold:
• We investigate and create categories for design decisions within transformation processes
and modeling languages of MDEEs. Although Domain Specific Languages (DSLs) and
generation tools have already been researched in the context of MDE, to the knowledge
of the researchers the focus was never on design decisions and their advantages and
disadvantages.
• Additionally, we compare existing MDEEs and thereby adhere to the request of van der
Straeten et al. (2009): “There is a need [...] to compare different [MDE] tools and approaches. Benchmarks provide an excellent resource to measure progress and the significance
of a contribution”.
• Furthermore, we introduce a definition for the term MDEE that can be adopted by the
societal and scientific community for communication purposes. Currently a lot of terms
such as MDE, Model Driven Software Development (MDSD), Model Driven Design (MDD),
Domain Driven Design (DDD), Model Driven Architecture (MDA) and Model Based
Engineering (MBE) are used interchangeably within the scientific community, causing
1

EAS includes content, communication, and collaboration software; CRM software; digital and content creation
software, ERP software; office suites; project and portfolio management; and SCM software (Gartner, 2012).
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confusion and ambiguity. In order to not contribute to the plethora of poorly defined
terms, we properly define the term ‘MDEE’.
• Lastly, this thesis opens up opportunities for future research. The MDEE cross table
presented in this thesis can be utilized by researchers to investigate unresearched design
decisions or MDEEs. Similarly, the MDEE categories can be used to define and research
specific MDEEs.

1.2.2

Societal Contribution

Artifacts produced during this research can be used during multiple stages of MDEE development:
• Pre development: the MDEECM helps in selecting a MDEE category that fits with
organizational needs. The importance of such a categorization is stressed by Hutchinson
et al. (2014): “There is as yet no clear decision-making framework that can tell whether
MDE will succeed or not in a given context”. Although the MDEECM and MDEE cross
tables do not directly indicate whether a MDEE will succeed, it does increase the chance
of success by providing insight in the design decisions.
• Development: the presented MDEE design decisions and corresponding advantages and
disadvantages allow for more informed design decision making.
• Post development: a finished MDEE can be benchmarked by adding it to the MDEE cross
table.
To summarize, we understand that a lot of topics concerning software models and MDE require
further research, but unfortunately, due to limited time and resources, this master thesis can
only focus on a few small aspects. Nevertheless, we hope that this master thesis will be academic
enough to provide new insights for the scientific part of the MDE community, but at the same
time also hold practical value for the societal part.

1.3

Thesis Overview

The subsequent chapter details the research approach of this thesis. Next we discuss related
literature in Chapter 3. A formal definition of MDEEs is presented in Chapter 4. Chapter 5 and
6 present the results of our case studies, which are used to create a categorization model and
revised MDA in Chapter 7. In Chapter 8 we present threats to validity and in Chapter 9 we
summarize our primary results and presents future research opportunities.

Chapter 2

Research Approach
In this chapter, we detail the five research methods we utilize in this research: a literature study,
multiple explanatory case studies including expert interviews and document studies, and design
science. Figure 2.2 presents a Process Deliverable Diagram (PDD) which combines UML activity
and class diagrams to reveal the relations between research activities and deliverables (van de
Weerd and Brinkkemper, 2008). The corresponding Process and Deliverable Table can be found
in Appendix A.

2.1

Literature Study

A solid understanding of contemporary literature on MDE, (meta-)modeling, code generation
and model interpretation is necessary to properly elaborate our research questions and formulate
relevant case study protocols and expert interview questions. Therefore our research starts
with a study of literature in Chapter 3. Although our first instincts told us to perform a
structured literature review, a quick scan through literature revealed that relevant research
domains are scattered. A systematic literature review is not favored in such a case, as we need
to research multiple specific topics rather than one general topic. Hence, we were forced to
perform an unstructured literature research, meaning that we search through literature by using
the snowballing technique and querying the following terms: “Model Driven Engineering”, “Model
Driven (Software) Development”, “Model Driven Design”, “Model Driven Architecture”, “Data Modeling”,
“Process Modeling”, “Workflow Modeling”, “Business Rules Modeling”, “User Interface Modeling” and
“Domain Modeling”.
Additionally, a proper definition of “Model Driven Engineering Environment” is required to find
qualifiable case study products. To formulate and position such a definition, we expand our
unstructured literature study in Chapter 4, with the following keywords in: “Model Driven Engineering Environment”, “Model Transformation”, “Model Interpretation”, “Code Generation”, “Domain
Specific Modeling”, “Modeling Language Design”.

2.2

Explanatory case studies

This research complies with Yin (2013) three prerequisites to determine whether a case study
is suitable for ones research: (1) our main research question can be reformulated as “How and
5
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why do software producing organizations design model driven engineering environments? ; (2)
we cannot manipulate the MDEE designers and their design decisions over MDEEs and (3) we
focus on contemporary MDEEs. We perform 16 explanatory case studies on MDEEs by using
the product, studying documentation and interviewing experts.
Yin (2013) lists four validity tests that apply to case study research: construct validity, internal
validity, external validity and reliability. We use multiple sources of evidence (i.e. document
study, product usage and expert interviews) to ensure construct validity, discuss our results
during a validation interviews to guarantee internal validity, create a rich theoretical framework
from previous literature and perform 16 explanatory case studies to test external validity and
build case study protocols (Appendix B) and databases to warrant reliability.

2.2.1

Case Selection

Case product identification took place in the following four ways:
• Exploring literature with the keywords “Model Driven Engineering” and “Model Driven Development”.
• Querying the Google search engine1 by combining the keywords “Model Driven Engineering”
and “Model Driven Development”, with “Tools”, “Products”, “Software” and “Vendor”.
• Exploiting our own network of MDE experts such as fellow students and (assistant)
professors.
• Asking interviewed product experts at the end of each interview whether they know of
products that could be researched as well (Appendix B).
This resulted in the identification of 36 qualifiable case products (Appendix D) with representatives in the BeNeLux2 . The corresponding offices were contacted by phone and/or email,
eventually resulting in 20 case products from which at least one expert was willing to be interviewed. Unfortunately, four more MDEEs had to be excluded due confidentiality issues or the
lack of (technical) knowledge of the interviewed product experts, resulting in 16 final case study
products.

2.2.2

Documentation Study

We begin each case study with a documentation study in which we study the following documents
and add relevant ones to the case study database:
• White papers
• Fact sheets
• Technical reports

• Case studies
• Instruction manuals
• Product wikis

• Product forums
• Product videos
• Webinars

Through this documentation study we want to develop a general understanding of the respective
company and MDEE, as well as answer a specific set of questions as specified in the case study
protocol (Appendix B). Questions answered through the documentation study will not be asked
during the respective interview.
1
2

www.google.nl
Belgium, Netherlands, Luxembourg.
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Product Usage

To further familiarize ourselves with each MDEE, we will develop a demo application using a
trial version when available. With these trial versions, we develop applications by following
the accompanying product tutorials. Due to differences in both products and tutorials, we are
not able to write a standard protocol nor develop the same application with every MDEE. Our
intention with this activity is not to answer questions stated in the case study protocol, but
merely get more familiar with the case products that we are studying. Details on the demo
applications can be found in the case study database.

2.2.4

Expert Interviews

After investigating available documentation and developing a demo application, we continue
each case study by interviewing at least one product expert (Appendix E). During this interview
we request a demo of the MDEE if a trial version was not available, and ask specific questions on
the modeling elements and transformation process (i.e. generation or interpretation process) of
the MDEE (Appendix B). Furthermore, we endeavor to ask questions on the (dis)advantages of
design decisions and therefor take our time during the interviews to compare the given answers
to those given by previous interviewed product experts. Questions that arise after the interviews
are resolved through email or a second interview, and may need to be resolved by a person with
a different role or function. Unfortunately due to time constraints, we will not transcribe or code
our interviews. However, upon request, we might be able to share our recordings.
After all MDEEs have been added to the MDEE cross table, we sent it to all interviewed experts
and ask them to check for and report any mistakes regarding their MDEE. After all the reported
mistakes have been corrected, the MDEE cross table is considered final.

2.2.4.1

Validation interview

We present our revised MDA and MDEE categorizaton model (MDEECM) to six interviewed
MDEE experts during a second or third interview. Within this interview each MDEE expert is
given the opportunity to evaluate both artifacts and present feedback. After all the feedback
has been gathered, we make the final adaptations to the MDEE categories.

2.3

Design Science

During our research we create cross tables, MDEECM and a revised MDA, which complies
with the goals of design science: “Whereas natural science tries to understand reality, design
science attempts to create things that serve human purposes” (March and Smith, 1995). Design
science consists of two basic activities, create and evaluate, which we approach according to
the framework and its specifications as proposed by Hevner et al. (2004). This framework has
been thoroughly tested as a vehicle for “understanding, executing and evaluating IS research
combining behavioral-science and design-science paradigms” (Hevner et al., 2004).
Figure 2.1 applies the framework to our research context. We conduct our research in an Environment consisting of People that perform the MDEE Designer and MDEE Developer role
in MDEE Producing Organizations. Both roles work on the development of MDEEs and
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Figure 2.1: Information Systems Research Framework applied to our research

therefore rely on Modeling, Generation and Interpretation Techniques. The Foundations
of our Knowledge Base consist of existing theories found in the domains of MDE, Software
Modeling, Code Generation and Model Interpretation. We extend our knowledge
provided by the foundations by applying the methodologies of case study research and design
science to develop/build a MDEE Cross Table and MDEE Category Model. Upon
delivery, experts Justify/Evaluate both artifacts through Expert Interview and provide input
for possible improvements.

Chapter 2. Research Approach

Figure 2.2: PDD representing the research approach
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Chapter 3

Theoretical background
The existence of MDE can be contributed to two developments in the history of programming:
(I) the abstraction level of programming languages increased, and (II) software became more
modularized by means of separation of concerns (Sendall and Kozaczynski, 2003). in Section 3.1
we discuss research focused on the increase abstraction and existing MDE related standards such
as Model Driven Architecture (MDA), Modeling Object Facility (MOF), Query/Transformation/View (QVT), XML Metadata Interchange (XMI) and the Common Warehouse Metadata
(CWM). In the second part of the this chapter we will study each separated concern (i.e. data,
processes, business rules and UI). We will focus on studies that focus on categorizing, comparing
and graphically expressing modeling approaches of each separated concern, as these are in line
with the goals of this thesis. However, we will not report on studies that deal with meta-data
exchange formats.

3.1

Increasing Programming Abstraction

According to Kramer (2007), abstraction involves two processes: (1) removing detail for simplification and (2) generalizing for the identification of common concepts. Abstraction does not
only occur within software, but is something that is used in everyday life. Maps abstract cities
to streets, metaphors abstract real-life situations to understandable examples and paintings
abstract from everyday objects. A famous example of the latter is the painting “Ceci n’est pas
une pipe.” (= This is not a pipe.) by René Margritte (Figure 3.1), in which he wants to remind
the spectator that it is an abstraction in the form of a painting of a pipe, instead of a pipe itself.
When computers were first invented, programming occurred directly with ones and zeros on the
instruction set of a machine (Lampson, 1965). Not long after machine level coding was invented,
MIT researchers programmed the first compilers called assemblers (Levy, 1984). Although
still a lower-level programming language, Assembly brought abstraction compared to machine
level programming by using mnemonic sequences instead of binary code (Barron, 1972). After
assembly, third generation languages, also known as high level programming languages or
autocodes, such as C, C++, C#, Fortran, Java and Pascal were built (London, 1973). High level
programming languages abstract from Assembly by being machine independent, implementing
natural language elements ‘if/then/else’ and ‘for each’, and automating certain areas of computing
such as exception handling and memory management (Wexelblat, 1981). Although languages
such as C# and Java remain popular general programming languages, increasing abstraction
continued and fourth generation programming languages (4GLs) saw its inception as DSLs
10
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Figure 3.1: the ‘Ceci n’est pas une pipe’ painting by René Margritte

(Van Deursen et al., 2000). DSLs, also known as application languages (Martin and Leben,
1986), application-oriented languages (Sammet, 1969), special purpose languages (Ross, 1978),
specialized languages (Bergin and Gibson, 1996) or task-specific languages (Nardi, 1993), are
“languages tailored to a specific application domain” and add abstraction by “providing notations
and constructs tailored toward a particular application domain (Mernik et al., 2005). Moreover,
DSLs offer “substantial gains in expressiveness and ease of use compared with General Purpose
Languages (GPLs) for the domain in question, with corresponding gains in productivity and
reduced maintenance costs”. Because DSLs focus on a specific domain such as databases or
reports, they come in great variety. Well known examples of DSLs are Excel for spreadsheets
and LATEX for typesetting (Mernik et al., 2005). Within MDSD or MDE, the abstraction level of
programming is brought to models. Instead of working in code, developers/modelers create a
model that describes what the software should do (Atkinson and Kuhne, 2003). The model will
either be directly executed, or used as input to generate source code (Tankovic, 2011).

3.1.1

Model Driven Engineering

A general definition of MDE is given by Hailpern and Tarr (2006): “A software engineering
approach consisting of the application of models and model technologies to raise the level of
abstraction at which developers create and evolve software, with the goal of both simplifying
(making easier) and formalizing (standardizing, so that automation is possible) the various
activities and tasks that comprise the software life cycle.”. France and Rumpe (2007) have a
different view, and define MDE as: “Software development approaches in which abstract models
of software systems are created and systematically transformed to concrete implementations.”.
Where the first definitions focuses on the entire Software Development Life-Cycle (SDLC), the
latter merely focuses on the transformation of models to working software.

3.1.1.1

Models

In order to discriminate models from other artifacts (e.g. requirements or data), we need
distinguishable criteria. According to Stachowiak (1973) and Kleppe et al. (2003), an artifact
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can only be considered a model when it meets the following three criteria:
1. Mapping criterion: there is an original object or phenomenon that is mapped to the model.
In other criteria, this original object or phenomenon is referred to as “the original”.
2. Reduction criterion: not all the properties of the original are mapped on to the model, but
the model is somehow reduced. On the other hand, the model must mirror at least some
properties of the original. There is thus a form of abstraction.
3. Pragmatic criterion: the model can replace the original for some purpose, i.e. the model is
useful.
Specially the third criterion is interesting, because it makes models highly subjective. A person
that considers a specific artifact useful can consider it a model, whereas a person that considers
the same artifact useless cannot consider it a model. Such a rationale makes sense when you
consider the traffic sign depicted in Figure 3.2. A Dutch citizen can make sense of this sign, and
can therefore properly translate the model to its original. However, an American citizen, who
only knows the ‘dead end’ sign as presented by Figure 3.3, cannot make this translation.

Figure 3.2: Traffic sign for a ‘dead end’
in the Netherlands.

Figure 3.3: Traffic sign for a ‘dead end’
in the USA.

Models are not limited to traffic signs and software, but are used in virtually every domain.
Using the criteria of Stachowiak (1973), maps of geographical areas (Figure 3.4), x-rays of the
human body (Figure 3.5), blueprints of a building (Figure 3.6), metaphors of real life situations
(Figure 3.7), words of objects (Figure 3.8) and DNA of an organism (Figure 3.9) can all be
considered models (Kühne, 2006; Black, 1962; Stachowiak, 1973; Posada and Crandall, 1998;
Polanyi, 1988).

Figure 3.4: Model of the world in the
format of a map.

Figure 3.5: Model of the human body in
the format of an x-ray

As illustrated by the plethora of examples, the three criteria can be applied in virtually all
domains. Bézivin (2004) even states: “Everything is a model ”. Kühne (2006) deservedly remarks
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Figure 3.6: Model of a building in the
format of a blueprint

Figure 3.7: Model of a real life situation
in the format of a metaphor

Figure 3.8: Model of a tree in the format
of a word

Figure 3.9: Model an organism in the
format of DNA
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that the definition of ‘model’ should be broad enough to include everything useful, but also
narrow enough so that it does not become useless. Fortunately, there are many definitions of the
term ‘model’, the majority focusing on ‘system’, referring to the System Under Study (SUS)
(Seidewitz, 2003). Although SUS is an ambiguous word, the definitions leave room to read
‘software systems under study’ instead:
• A coherent set of formal elements describing something (for example, a (software) system,
bank, phone, or train) built for some purpose that is amenable to a particular form of
analysis (Mellor et al., 2003).
• An artifact that conforms to a metamodel and that represents a given aspect of a (software)
system (Bézivin et al., 2004).
• An abstraction of some aspect of a (software) system (France and Rumpe, 2007).
• A set of statements about some system (Seidewitz, 2003).
• A model is a simplification of a (software) system built with an intended goal in mind. The
model should be able to answer questions in place of the actual system (Bézivin and Gerbé,
2001).
Fortunately, Kühne (2006) researched models in the context of MDE, and defines a model as:
“an artifact formulated in a modeling language, such as UML, describing a system through the
help of various diagram types.”. Analyzing this definition, we have to keep in mind that it does
not define anything about the executability of a model, or model-to-model transformations.

3.1.1.2

Metamodels and Meta Object Facility

Models can also describe other models, a phenomena called metamodeling (Ehrig et al., 2006).
In the context of MDE, metamodels are used to define what is, and what is not allowed in its
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underlying instances. In other words, metamodels define a modeling language, as can be seen by
the following definitions:
• A model of a language of models (Favre, 2004b).
• A specification model for which the systems under study being specified are models in a
certain modeling language (Seidewitz, 2003).
• A model that defines a modeling language and is also expressed using a modeling language
(OMG, 2014b).
In theory, one can create infinite metamodels (Koide and Takeda, 2006), as each metamodel can
be described using a metamodel (Kühne, 2006). To prevent this endless loop, the OMG (2014d)
put the limit at the meta-meta level with MOF (Figure 3.10).

Figure 3.10: MOF as explained by OMG
(2014d)

Figure 3.11: MOF revisited by Bézivin
(2004)

MOF is an architecture for defining metamodels and describing model transformations (Poernomo,
2006), and aims to stimulate the development and interoperability of model and metadata driven
systems (OMG, 2014d). Within MOF, a system is an instance of a user-defined model, which
is an instance of a metamodel, which is an instance of a meta-metamodel (Figure 3.10). The
meta-metamodel is an instantiation of itself, because each model can eventually be described as
a self-referring entity (Figure 3.12) when enough meta-levels are added to the stack (Overbeek,
2006).

Figure 3.12: Self reference of a meta-metamodel as explained by Overbeek (2006)

Bézivin (2004) revised the original MOF, and included a separation between the real world and
model world, thereby reducing the MOF architecture from four to three levels (Figure 3.11).
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Additionally, Kühne (2006) changed the relationship names to ‘conformant to’ and ‘represented
by’ in order to “distinguish the conformance relationship between models from the instantiation
relationship known from object-orientation (i.e., between objects and classes.)”. More studies
disagree with the relationship name ‘instance of’, and propose the following terminology for
intra-level and inter-level relationships respectively:
• ‘inst of’ and ‘meta’ (Bézivin and Gerbé, 2001).
• ‘instance of’ and ‘conformant to’ (Bézivin, 2004).
• ‘ontological instance of’ and ‘linguistic instance of’ (Atkinson and Kuhne, 2003).
Kühne (2006) and Strahringer (1996) both visualized the relationship between metamodels and
modeling languages. In their visualization (Figure 3.13), a modeling language is defined by a
metamodel and expressed using a model. Similarly, a metamodeling language is defined by a
meta-metamodel and expressed using a metamodel.

Figure 3.13: Modeling Language Definition Stack according to Kühne (2006) and Strahringer
(1996)

3.1.2

Model Transformation

Model transformation is the core of MDE, and describes how to take one or more models as
input (source model) and transform them into one or more models as output (target model)
(OMG, 2014b; Sendall and Kozaczynski, 2003). Defining model transformations is to describe
model transformations rules between a source and a target metamodel (M2 layer), whereas the
rules are executed on the model layer (M1 layer) for transforming a source model into a target
model (Wimmer et al., 2007; Czarnecki and Helsen, 2006) (Figure 3.14). Other goals of model
transformation include code generation (Kleppe et al., 2003), synchronization amongst models at
the same or different level of abstraction (Ivkovic and Kontogiannis, 2004), creating query-based
views of a (software) system (Bull and Favre, 2005; Solberg et al., 2005), model evolution tasks
(e.g. model refactoring) (Sunyé et al., 2001; Zhang et al., 2005) and reverse engineering from
code to higher-level models (Favre, 2004a).
Varró and Pataricza (2004) compared many of these transformation rule languages and concluded
that two types of approaches exist: declarative and operational. Within declarative approaches,
relations between elements of the source and target model are defined, whereas operational
approaches define rules to describe what steps are required to derive the target model from the
source model. Within these two approaches, Sendall and Kozaczynski (2003) and Czarnecki and
Helsen (2006) identified seven different categories:
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Figure 3.14: Model transformation as defined by Czarnecki and Helsen (2006)

• Relational transformation approaches are based on mathematical relations. Examples
of relational transformation languages are IBM’s Model Transformation Framework (MTF)
(Demathieu et al., 2005) and the relational approach of Akehurst and Kent (2002).
• Template-based transformation approaches consist of models with embedded metacode that compute the variable parts of the resulting template instances. An example of a
template-based transformation language is created by Czarnecki and Antkiewicz (2005).
• Graph-based transformation approaches consist of a Left Handed Side (LHS) and
Right Handed Side (RHS), in which the LHS pattern is matched in the source model
(graph) and subsequently replaced by the RHS in the target model (graph). Examples of
graphical-based transformations are AlGebraic Graph (AGG) (Taentzer, 2004), Fujaba
(Nickel et al., 2000; Burmester et al., 2004), Visual Automated Transformations for
Formal Verification and VAlidation (VIATRA) (Csertán et al., 2002), Automated Model
Transformation and Validation (ATOM) (de Lara and Taentzer, 2004), Graph Rewriting and
Transformation (GReAT) (Sprinkle et al., 2003), GRaphbased Object-Oriented VErification
(GROOVE) (Rensink, 2004), UMLX (Willink, 2003) and the Bidirectional Object oriented
Transformation Language (BOTL) (Marschall and Braun, 2003).
• Direct transformation approaches offer an internal model representation that can
be directly transformed using predefined commands (e.g. through APIs). An example
of a direct transformation implementation is Java Model Driven Architecture (JAMDA)
(Sourceforge, 2009).
• Operational transformation approaches are similar to direct manipulations but offer a
specific transformation language that contains constructs and mechanisms for explicitly expressing, composing and applying transformations. Examples of operational transformation
approaches are executable MOF (xMOF) (Clark et al., 2004), the Model Transformation
Language (MTL) (Vojtisek and Jézéquel, 2004), Constraint-Specification Aspect Weaver
(C-SAW) (Zhang et al., 2005) and Kermeta (Jézéquel et al., 2011).
• Structure-driven transformation approaches divide the transformation into a phase
that is concerned with creating the hierarchical structure of the target model and a
phase in which the attributes and references of the target model are set. An example of
a structure-driven transformation implementations is the Visual Model Transformation
(VMT) (Sendall et al., 2003).
• Hybrid-based transformation approaches combine different aspects from the previous
categories. Examples of hybrid transformations language are Atlas Transformation Languages (ATL) (Jouault et al., 2006; Jouault and Kurtev, 2006), Yet Another Transformation
Language (YATL) (Patrascoiu, 2004) and OMG’s QVT (OMG, 2011b).
QVT is OMG’s standard set of languages for specifying model transformations in the context of
MDE (OMG, 2011b). QVT consists of three types of transformation languages as can be seen in
Figure 3.15:
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• Relations Language: specifies the transformations between source and target models as
a set of relations (i.e. declarative category, relational approach).
• Core Language: supports pattern matching over a flat set of variables by evaluating
conditions over those variables against a set of models (i.e. operational category, operational
transformations).
• Operational Mappings: allows either to define transformations using a complete imperative approach (i.e. operational category, operational transformations) or allows complementing relational transformations with imperative operations implementing the relations
(i.e. neither category, hybrid approach).

Figure 3.15: QVT architecture as defined by the OMG (2011b)

The Operations Mappings are used for writing imperative model transformations, and the
Relations Language for specifying them declaratively (Li et al., 2011). The Black Box mechanism
allows integration and execution of external code during transformation execution (Kurtev, 2008).
This mechanism enables: (I) complex algorithms to be manually coded in any programming
language with a MOF binding (e.g. Java or C#), (II) reuse of already existing domain specific
libraries and (III) transformations to be opaque for some part (OMG, 2011b). In the context
of MDA, the metamodels which are referred to by the transformations rules need to be in
conformity with the MOF meta-metamodel, as illustrated by Figure 3.16.

Figure 3.16: Model transformation in the context of MDA

3.1.2.1

Model Driven Architecture

MOF and QVT play and important role in MDA, an adopted standard by the OMG (2014b)
for MDE consisting of the CWM, XMI, the Unified Modeling Language (UML), MOF and
QVT (Soley et al., 2000; Poole, 2001). UML offers many different types of diagrams, with the
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goal to “provide system architects, software engineers, and software developers with tools for
analysis, design, and implementation of software-based systems as well as for modeling business
and similar processes.” (OMG, 2015a). We assume that everybody in the field of (model driven)
software engineering is familiar with (some aspects of) UML, and will therefore not further
elaborate on it.
CWM and XMI are adopted standards by the OMG (2003a) for metadata exchange, and are
designed to facilitate (metadata) interoperability between databases and applications (Tolbert,
2000). To achieve this, the CWM defines the business and technical metadata most often present
in the administrative domain (Poole et al., 2002). Medina and Trujillo (2002) describe this as “a
set of extensions to the OMG metamodel architecture that customize it for the needs and purposes
of the data warehouse and business intelligence domains.”. Whereas the CWM defines and
standardizes the metadata, XMI provides a standard XML schema for exchanging the metadata
(OMG, 2015c), allowing UML and MDA tools to easily exchange UML models (Weiss, 2009).
MDA provides an approach for “deriving value from models and architecture in support of the full
life cycle of physical, organizational and IT systems” (OMG, 2014b) by the means of an alternative
(SDLC) (Kleppe et al., 2003), in which Platform Independent Models (PIMs) and Platform
Specific Models (PSMs) are results from the analysis and design phase respectively (Figure 3.17
and 3.18). The OMG (2014b) defines a PIM as “A formal specification1 of the structure and
function of a system that abstracts away technical detail ” and PSM as “a specification model of
the target platform”.

Figure 3.17: Traditional SDLC (Jacobson
et al., 1999)
1

Figure 3.18: MDA revised SDLC

A specification is said to be formal when it is based on a language that has a proper defined syntax, semantics
and possibly rules of analysis, inference, or proof for its constructs (OMG, 2014b).
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The principle of transforming a PIM to PSMs to executable code is illustrated in Figure 3.19.
In this example, the domain model represents the PIM, which is transformed to a Java, SQL
and XML model. These models are subsequently transformed to Java code, SQL scripts and
XML code respectively. Mappings from a PIM to PSMs need to be constructed before a PIM
can be transformed to PSMs (OMG, 2015a; Siegel, 2001). Kent (2002) makes a clear distinction
between model and language transformations. Within these distinctions, model transformations
refer to the transformation of a model to a different model in the same modeling language,
whereas a language transformation refers to the transformation to a model in a different modeling
language. When applying this distinction to MDA, the transformation from PIM to PSMs
is one in language rather than model. Hafner et al. (2006) and Czarnecki and Helsen (2003)
don’t recognize this distinction, but differentiate between model-to-model and model-to-code
transformations. To be able to make these language or model-to-model transformations, the
UML models need to be of sufficient precisions and abstraction (Frankel and Parodi, 2002).
Because the abstraction level of UML models is already predefined by the OMG (2015a), one can
only influence precision. Frankel and Parodi (2002) illustrate the difference between precisions
and abstraction as: “For example, imagine that I have an electric mixer. Inside there is an
electric motor, gears, and so forth, but none of these are visible from the outside because of
the mixer’s casing. Abstraction is “the suppression of irrelevant detail” (ISO/IEC 10746-2).
One can suppress the detail of the motors and gears inside, leaving a more abstract view from
the outside. The external, more abstract view might be very precise. For example, one might
measure the circumference of the casing to a millionth of an inch. In such a case we would say
that the outside view of the mixer is extremely precise, but it is not particularly detailed because
you cannot see what is inside the casing. On the other hand, one can imagine a view of the
mixer that lets you see the details of the inside, namely the 6 motors and gears, but where the
measurements of the inside items are very rough. This is a view that is detailed but imprecise.”.

Figure 3.19: MDA principle and example

Bézivin et al. (2003) defined MDA in a metamodel (Figure 3.20), in which the PIM and PSM
are specializations of the MDA model2 , and one PSM results in multiple PIMs. Moreover, they
reason that an analogy can be drawn between a virtual machine and a PSM, where the platform
resembles a compiler and the model resembles (programming) code. The description of a platform
(PDM for Platform Description Model) then becomes a generalization of a virtual machine,
which can be built on top of an undefined number of other virtual machines. Similarly, a PIM
where the problem has not yet been worked out as a solution (i.e. a Computation Independent
Model (CIM)) requires an undefined number of PIM to PIM transformations, before arriving at
2

A model that conforms to the industry standards of structure, semantics and notation OMG (2014b).
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a PIM that can be transformed into a PSM. The MDA metamodel with the CIM, PDM and
virtual machines extensions can be seen in Figure 3.21.

Figure 3.20: Basic MDA
as explained by Bézivin et al.
(2003)

3.2

Figure 3.21: Extended MDA as explained by Bézivin
et al. (2003)

Separation of Concerns

Before the 1970s, every part of software had to be manually coded (Haigh, 2002). However,
businesses required more flexibility and agility in their software programs in order to keep up
with rapidly changing (business) environments (Pesic and Van der Aalst, 2006). This philosophy
eventually resulted in the separation of (software) concerns (Dijkstra, 1982), which refers to:
“the ability to identify, encapsulate, and manipulate only those parts of software that are relevant
to a particular concept, goal, or purpose. Concerns are the primary criteria for decomposing
software into smaller, more manageable and comprehensible parts that have meaning to a software
engineer ” (Ossher and Tarr, 2001).
During the 1970’s, software and hardware were separated for the first time by IBM (Haigh,
2002). The subsequent separation occurred when databases were introduced, segregating the
data layer from the application (Van Der Aalst, 1996). Following data, the User Interface (UI)
was modularized in the 1980s (Versendaal, 1991), allowing its alteration without affecting the
business logic part of an application Fowler (2001). Similarly, in the 1990s, processes were
uncoupled from the source code (Goderis, 2008; Holmberg and Steen, 2012). Lastly, in the 1990’s,
business logic was also split from source code (Lienhard and Künzi, 2005), and captured in the
form of business rules and decision trees/models (Von Halle and Goldberg, 2009). The entire
evolution of separation of concerns is illustrated in Figure 3.22.

Figure 3.22: Evolution of separation of concerns modified from Van der Aalst (1998)
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The separation of concerns allowed the development of modeling languages specified towards a
specific concern. Nowadays, many modeling languages exist for databases, processes, rules and
UIs (Zur Muehlen et al., 2007; Ceri et al., 2000; Hull and King, 1987). Both Völter et al. (2013)
and Selic (2011) researched and formalized the concept of a modeling language in a metamodel
(Figure 3.23).

Figure 3.23: Modeling composition according to Völter et al. (2013)

Within the model of Völter et al. (2013), metamodel and modeling language are two different
entities, meaning that he does not use the definition we adopt in Section 3.1.1.2. A metamodel
describes relevant concepts of a domain, which in turn can have subdomains. Each domain is
abstracted by means of a formal model that is specified based on a concrete syntax. The concrete
syntax of a modeling language specifies what a parser for the respective modeling language
accepts, whereas the abstract syntax specifies the language’s structure. This implies that the
concrete syntax is a realization of an abstract syntax, meaning that the same metamodel can
be expressed in different (modeling) notations. Moreover, the static semantics of a (modeling)
language define the rules for whether syntactically valid model constructions have any (real life)
meaning. Selic (2011) created a semantically equivalent model.

3.2.1

Data Modeling

Carlis and Maguire (2000) define data modeling as “the act of creating data models, where a
data model is a “diagrammatic and textual expressions of the kinds of data that an organization,
a business, or a culture considers worth remembering.”. Hoberman et al. (2009) offers a different
perspective, and defines a data model as “a wayfinding tool for both business and IT professionals,
which uses a set of symbols and text to precisely explain a subset of real information to improve
communication within the organization and thereby lead to a more flexible and stable application
environment.”. Although both definitions put emphasis on symbols and organizations, the
the latter has an intent for “stable applications environments” whereas the former focuses on
“remembering”. In the context of MDE, data modeling deals with database generation. We
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therefor adopt the definition of Calvanese et al. (1998): “the activity of specifying the structure
of the data to be managed within an application.”.

3.2.1.1

Data Modeling Disambiguation

The American National Standards Institute (ANSI) distinguishes three data model views
(Tsichritzis and Klug, 1978) (see below). The difference between the conceptual, logical and
physical view is not always clear (Simsion and Witt, 2004). Table 3.1 (adopted from One Key
Data (2015)) shows which part of a database model are modeled in which view.

x
x

Logical
Physical

Feature
Entity names
Entity relationship
Attributes
Primary keys
Foreign keys
Table names
Column names
Column data types

conceptual

• Conceptual view exclusively deals with the Universe of Discourse (UoD) (ter Hofstede
and Van Der Weide, 1993), and describes (technology independent) high level semantics of
a (business) domain (Meersman, 2005). Wand et al. (1999) define this as “capturing and
representing certain aspects of human perceptions of the real world so that these aspects
can be incorporated into an information system”. Well known techniques of conceptual
data modeling are Object Role Modeling (ORM)(Halpin, 2006) and Entity Relationship
(ER) modeling (Batini et al., 1989).
• Logical view specifies (technology independent) integrity constraints on the database that
restrict allowed instances of the conceptual model Jacobs (1982). An example technique is
the Logical Data Model (LDM) from Kuper (1985).
• Physical view describes how data is physically stored at a particular technology such as
Oracle DB3 or MySQL4 . (McFadden et al., 1998).

x
x
x
x
x

x
x
x
x
x

Table 3.1: Conceptual, logical and physical data model differences according to One Key Data
(2015)

3.2.1.2

Data Modeling Approaches

According to many studies there are two flavors of data modeling: Entity Attribute Relationship
(EAR) and Object Role (OR) data models (Biller and Neuhold, 1977; Kim and March, 1995;
Navathe, 1992; Jarrar et al., 2003). EAR is a combination of the older network, relational and
entity set data model (Chen, 1976), and distinguishes as the name suggests between entities,
attributes and relationships (Song et al., 1995). On the other hand, OR data models don’t
recognize attributes, but instead consist of objects that have roles towards other objects (Halpin,
2001). OR models distinct two kinds of objects: Lexical Object Types (LOTs) and NOn-Lexical
Object Types (NOLOTs). LOTs correspond to utterable entities such as ‘ISBN‘ and ‘Name’,
whereas NOLOTs refer to non-utterable entities such as ‘Person’ and ‘Organization’ (Verheijen
3
4

http://www.oracle.com/technetwork/database/index.html
https://www.mysql.com/
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and Van Bekkum, 1982). LOTs in OR models can thus be somewhat mapped to attributes in
EAR models. A third data model approach can be identified called the Resource Description
Language (RDL). The W3C created the RDL as a data model approach that can annotate data
constructs in the semantic web (Klyne and Carroll, 2006; Pan, 2009). Because this data model
approach does not specifically focuses on databases, we consider it out of scope and will not
report it.

Feature:

Chen
Teorey
Elsmasri & Navathe
Korth & Silberschatz
McFadden & Hoffer
Batini, Ceri & Navathe
Oracle CASE*Methods
IE
UDEF1X
Bachman

Song et al. (1995) compared popular EAR model approaches such as Chen’s approach (Chen,
1976), Teorey approach (Teorey et al., 1986), Elsmasri & Navathe approach (Elmasri, 2008),
Korth & Silberschatz approach (Silberschatz et al., 1997), Oracle’s CASE*Method approach
(Barker, 1990), Information Engineering (IE) (Martin, 1990), IDEF1X information model (Bruce,
1992) and Bachman’s approach (Bachman, 1969), and concluded that the approaches are very
similar except for N-ary relationships, foreign keys and cardinality/participation constraints.
Table 3.2 summarizes these findings.

N-ary relationships
Binary relationship

x

x

x

x

x

x

Foreign key
No foreign key

x

x

x

x

x

x

(Min, Max) Look here
(Min, Max) Look across
Participation constraints (Min, Max): look here,
Cardinality constraints (Mix, Max): look across
Cardinality constraints (Mix, Max): look across,
No participation constraint notation

x

x

x

x

x

x

x

x

x
x
x

x
x

x

x

x
x

Table 3.2: EAR data model notation differences according to Song et al. (1995)

Although there are many different versions of EAR modeling, OR modeling had a more evolutionary maturation where different researchers added and refined different elements. Halpin (2006)
summarized this maturation, which we will describe in the remainder of this paragraph. OR
modeling found its inception when Falkenberg (1976) proposed a data model framework where
attributes are not model on the conceptual level because they involved ambiguous distinctions and
complicated the schema evolution. Nijssen (1976) adapted this framework by creating a notation
and adding a linguistic orientation and design procedure. Meersman and Van Assche (1983)
classified object types into lexical and non-lexical object types (as described above), after which
Kent (1977) provided several semantic insights and clarified many conceptual issues. The method
was then named to “aN Information Analysis Method” (NIAM) (Verheijen and Van Bekkum,
1982) and later renamed to “Natural language Information Analsyis Method” (NIAM) (Vermeir,
1983). The method received its first official formalization and several refinements and extensions
by Halpin (1989), after which the method was fully explained in books by Nijssen and Halpin
(1989) and later by Halpin (1996). Nowadays, the method has a few variations: Shoval and
Shreiber (1993) created a variant with binary relationships and Habrias (1993) and De Troyer
and Meersman (1995) both created an OO version called Normalized Object-Oriented Method
(MOON) and Natural Object-Relationship Model (NORM) respectively. ter Hofstede et al.
(1993) extended the basic framework with complex object constructors, and De Troyer and
Meersman (1995) added formal objects to create Formal Object Role Modeling (FORM). Finally,
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Bakema et al. (1994) allowed entity types to be treated as nested roles, and produced the Fully
Communication Oriented NIAM (FCO-NIAM).
Proponents of both EAR and OR models claimed that their model yields better representation
possibilities (Everest et al., 1987). However, Kim and March (1995) conclude that there is little
empirical evidence to backup claims from either side.

3.2.2

Process and Workflow Modeling

Before we can talk about processes and workflow separately, we need to define how they relate
to each other. The Workflow Management Coalition (WfMC) defines a workflow as “The
automation of a business process, in whole or part, during which documents, information or
tasks are passed from one participant to another for action, according to a set of procedural
rules” (Lawrence, 1997). This definition focuses on automation, which already implies the use of
software (automation). Van Der Aalst et al. (2003) claims that this focus on software makes
the definition too restrictive, thereby creating a need for broader terminology such as business
processes and Business Process Management (BPM). Van Der Aalst et al. (2003) define BPM as
“Supporting business processes using methods, techniques, and software to design, enact, control,
and analyze operational processes involving humans, organizations, applications, documents and
other sources of information.”. Van Der Aalst and Van Hee (2004) disambiguate process in a
different way: “A process consists of a number of tasks that need to be carried out and a set
of conditions that determine the order of the tasks. In this definition they define a task as “A
logical unit of work that is carried out as a single whole by one resource” where a resource is “the
generic name for a person, machine or group of persons or machines that can perform specific
tasks”.
The definitions given above do not define a clear distinction between processes and workflows.
In the remainder of this thesis we adopt the definitions given by Cichocki et al. (2012): a
process defines “a description and ordering of work activities across time and space that is
designed to yield specific products or services while ensuring the organization’s overall objectives.
It provides a conceptual basis for the integration and coordination of distributed resources, tasks,
and individuals.”. Moreover, processes “define only the structural aspects of organizational
functions. As such, the detailed operation behavior is left open to the discretion of the individuals
or entities responsible for executing a particular function, within the structural constraints
specified by the process.”. On the other hand, workflows are “process descriptions that can
be executed automatically” that specify “activities involving coordinated execution of multiple
tasks performed by different processing entities.”. From these definitions and descriptions we
can deduce that processes are at a higher level of abstraction compared to workflows. Where
processes only define the structural aspects (boundaries), workflows specifically focus on the
coordinated execution within those boundaries.

3.2.2.1

Workflow Modeling Disambiguation and Approaches

There is a lot of discussion in literature on what constructs should be present in a workflow
modeling language. Casati et al. (1995) state that each workflow modeling approach should
consist of: tasks, connections amongst tasks, start and stop symbols, nested tasks and multi-tasks
(parallel instances of the same task). Georgakopoulos et al. (1995) mentions similar constructs,
but focus on tasks, manipulated objects (e.g. documents), roles and agents (i.e. humans or
informations systems). Marshak (1995) differentiates between action structure (i.e. structured
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tasks), actors, tools (i.e. software systems) and information (objects). Sadiq and Orlowska (1997)
distinguishes yet another set of constructs, namely: tasks, conditions, synchronizers (joins) and
flows. Orriëns et al. (2003) also recognizes tasks, flows, roles and agents, but add messages
and events. Moreover, Liu and Shen (2003) specifically argument for the elements of AND and
OR splits/joins. Although many of the elements are similar amongst different researchers, the
construct sets are all slightly different. To simplify the construct discussion, van der Aalst et al.
(2000) identified 10 workflow patterns, which were later expanded by van Der Aalst et al. (2003)
and White (2004) to 20 unique patterns (see Appendix I). Zur Muehlen and Indulska (2010)
created three categories that closely relate to some of the constructs. For the remainder of this
thesis we will adopt this categorization:
• Activity centered approaches represent processes as a network of tasks or activities
that are linked through control- or data-flow connectors (e.g. BPMN).
• Object centered approaches specify processes as the permissible sequence of state
changes of the process object (e.g. Petri nets or flow nets).
• Resource centered approaches represent processes as networks of processing stations
that interact with each other (e.g. Business Process Execution Language (BPEL)).
Curtis et al. (1992) identified four views (i.e. not categories) to look at process/workflow
approaches, based on the constructs mentioned above:
• Functional perspective represents what process activities are being performed.
• Behavioral perspective represents when and how process activities (e.g. iterations,
loops, conditions) are performed
• Organizational perspective represents where and by whom activities are performed.
• Informational perspective represents manipulated (data) artifacts and entities.
Based on the views above, Giaglis (2001) compared the eight popular business process modeling techniques on their functional, behavioral, organizational and informational capabilities
(Table 3.3):
• Flowcharting, as we mentioned earlier, (graphically) specifies “activities involving coordinated execution of multiple tasks performed by different processing entities.” (Cichocki
et al., 2012)
• IDEF0, a acronym for Icam DEFinition for Function Modeling, is designed to model the
decisions, actions, and activities of an organization from a functional perspective (Mayer
et al., 1995a). It can be used to graphically represent data flows, system controls and
life-cycle processes (Lightsey, 2001).
• IDEF3 is a scenario driven process flow modeling technique that is designed to graphically
capture sequenced activities of a system or organization (Mayer et al., 1995b). It aims
to capture the precedence and causality relations between specific situations and their
resulting events (Mayer et al., 1995a).
• Petri nets are directed, connected, and bipartite graphs in which each node represents
either a place or a transition (Hamadi and Benatallah, 2003). Although they are originally
not meant to model complex business processes (Leymann and Altenhuber, 1994), many
extensions (e.g. time and hierarchy dimensions) have been created that allow such modeling
anyway (Van der Aalst and Van Hee, 1996).
• Discrete-event simulation refers to software that is able to run simulated scenario’s
based on a model or algorithm (Fishman, 2013). It is defined by Shannon (1975) as “the
process of designing a model of a real system and conducting experiments with this model
for the purpose, either of understanding the behavior of the system or of evaluating various
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strategies (within the limits imposed by a criterion or set of criteria) for the operation of
the system.”.
• Systems dynamics simulation refers to the simulation of cause and effect diagrams on
multiple systems (Wolstenhilme et al., 1993). Whereas discrete-event simulation focuses
on one system, systems dynamics also focuses on the interaction of those systems, more
specifically how the output of systems affect each other (Forrester, 1997).
• Knowledge-based systems refers to techniques that use AI to reason about and simulate
business processes (Eric et al., 1996). Examples are Compatangelo and Rumolo (1997)
whom use an AI modeling framework that can support decision making and Nissen (1996)
who implemented AI that develops models of organizational processes based on intelligent
reasoning.
• Role activity diagramming focuses on modeling individual or group roles within processes, their activities and their interactions, together with external events and the logic
that determines what activities are carried out and when (Huckvale and Ould, 1995).
BPM techniques
Flowchart
IDEF0
IDEF3
Petri nets
Dsicrete-event simulation
Systems dynamics simulation
Knowledge-based techniques
Role activity diagramming

Functional
Yes
Yes
Limited
Yes
Yes
Limited
No
No

Behavioral
No
No
Limited
Yes
Yes
Yes
Yes
Limited

Organizational
No
Limited
No
No
Yes
Yes
No
Yes

Informational
Limited
No
Limited
No
Limited
Limited
No
No

Table 3.3: BPM techniques compared by Giaglis (2001) based on the criteria of Curtis et al.
(1992)

Lu and Sadiq (2007) make a distinction between graph-based and rule-based workflow modeling
approaches. As such, they compared the expressibility, flexibility, adaptability, dynamism and
complexity by analyzing six graph-based modeling approaches: Flowmake (Sadiq and Orlowska,
1999), ADEPT flex (Reichert and Dadam, 1998), Conceptual modeling (Casati et al., 1995),
YAWL (Van Der Aalst and Ter Hofstede, 2005), WIDE (Chan et al., 1998) & ActivityFlow (Liu
and Pu, 1997) and six rule-based workflow modeling approaches: E-C-A based business rules
(Knolmayer et al., 2000), PLM flow (Zeng et al., 2002), Object-Rule-Role approach (Kappel
et al., 2000), ADEPT (Jennings et al., 2000), AgentWork (Müller et al., 2004) and AgFlow
(Zeng et al., 2001). Based on the comparison they conclude that rule-based modeling approaches
score better when it comes to flexibility, dynamism and adaptability, whereas graph-based
modeling approaches score better on expressibility and complexity. Similarly, Recker et al.
(2009) also performed an extensive comparison between Petri nets, ANSI flowcharts, Data Flow
Diagrams (DFDs), ISO TC87, Merise, EPC, IDEF3, ebXML, BPML, WSCI, WS-BPEL and
BPMN on representational abilities. They conclude that all approaches lack options for process
decomposition and integration of business rules. Additionally, White (2004) compared BPMN
(OMG’s standard for processes (OMG, 2011a)) and UML activity diagrams, and conclude that
both languages are very similar when it comes to expressibility, flexibility, adaptability, dynamism
and complexity, with the exception of UML targeting more technical persons. Lastly, Yongchareon
et al. (2015) introduce artifact-centric process modeling which is specifically designed to model
inter-organizational processes. A short description of each approach can be found in Appendix J.
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User Interface Modeling

There are barely any explicit definitions of “User Interface” and “Graphical User Interface” in
contemporary literature. Within this thesis, we adopt the definition from Bonsiepe (1990), whom
define a UI as: “the sum of all communication between the computer and the user. It’s what
presents information to the user and accepts information from the user.”.

3.2.3.1

User Interface Modeling Disambiguation

Within UI modeling, there are generally three types of models (Vanderdonckt, 2005; Trætteberg,
2007; Szekely, 1996; van der Veer and van Welie, 2000):
• Task model describe the tasks that a user wants to achieve using the system. The task
model decomposes tasks into subtasks, creating a hierarchy (Figure 3.24).
• Domain model describes the object that the user can interact (manipulate) with such as
menu’s, hyper links, widgets etc. Paulheim (2011) created an entire ontology specifically
for the domain UI model.
• Dialog model or presentation model defines the actual presentation layer, i.e. on the
appearance of input and output of data and information.

Figure 3.24: Tasks decomposed according to van der Veer and van Welie (2000)

Sinnig et al. (2005) further subdivided the task model into task patterns, which describe the
activities a user has to perform in order to reach a certain goal, and feature patterns that describe
the activities a user has to perform while using a specific feature. Between task, domain and
dialog mappings are needed, so as to relate the different models to one another (Griffiths et al.,
2001). For example, a specific widget is always used during a specific task. Within the context
of these models and mappings, UI modeling faces some difficulties in specific situations: task
redefinition (Brown, 1997), task reallocation amongst workers (Brown, 1997), diversity of users
(Jacob et al., 2005), support of new computing platforms (Gaeremynck et al., 2003), migration
from traditional platforms to mobile interfaces (Mori et al., 2003), transfer of task from one use
to another (Chikofsky et al., 1990), UI evolution for users with more experience and demands
(Chikofsky et al., 1990), evolution of the domain model (Agrawal et al., 2003), adaptation
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to dynamic environments (e.g. change in organizational structure) (Luyten et al., 2003) and
redesign due to obsolescence (Bouillon et al., 2004). To solve these and other problems, Limbourg
et al. (2004a) introduced the paradigm of multi-path UI development, which is characterized by:
• Expressive UI: every UI is expressed based on the context.
• Central storage of models: each model is stored in a model repository using the same
description language.
• Transformational approach: models can be transformed one to many times depending
on the development steps.
• Multiple development paths: different development steps can be combined to get the
required result.
• Flexible development approaches different development approaches such as top-down
and bottom-up are supported through flexible development paths.
Multi-path UI development and the task, domain and presentation models are all compliant with
the Cameleon Reference Framework (CRF) from Calvary et al. (2002) (Figure 3.25). Within the
CRF, artifacts are abstracted or reificated within the same context, or transformed on the same
level to a different context. In the case of multi-path UI, UI design can start at any of the model
levels (Limbourg et al., 2004b)

Figure 3.25: Cameleon Reference Framework (Calvary et al., 2002)

As could be read in Section 3.2.2.1, tasks do not only play a big role in the task model, but also
in workflows. As such, a link between the two is inevitable (Figure 3.26). Dividino et al. (2009)
created a UI modeling method called Diamodl that links the (workflow) tasks to the task model
of a UI. Additionally, Kristiansen and Trætteberg (2007) created an approach where models
from the field of model-based UI design are used in the context of workflow models in order to
allow role-centric UI composition of ERP systems.

3.2.3.2

User Interface Modeling Tools and Notations

Most of the problems related to interface development can be traced back to two sources: the
need for user-centered design environments and the lack of software that support all major
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Figure 3.26: Classification of modeling languages according to Kristiansen and Trætteberg
(2007)

development stages (Puerta, 1997). Both of these problems can be tackled with Model-Based
Interface Development Environments (MBIDEs) (Puerta and Szkeley, 1994). MBIDEs support
limited UI modeling approaches such as: Teallach for applications with an object database
(Griffiths et al., 2001), DUTCH for groupware (van der Veer and van Welie, 2000), UsiXML for
a language compliant to MDA (Vanderdonckt, 2005), HUMANOID for a declarative language
(Szekely et al., 1993), UML-based Web Engineering (UWE) approach and UML for Interactive
systems (UMLi) for extensions to UML (Hennicker and Koch, 2001; Da Silva and Paton, 2003),
affylmGUI for linear modeling of single channel micro-array data (Wettenhall and Smyth,
2004; Wettenhall et al., 2006), Xweb for multiple systems through multi-model descriptions
(Rajagopalapillai et al., 2005) and MORE for platform independent UIs (Gaeremynck et al.,
2003).

3.2.4

Business Rule Modeling

The OMG defines a business rule very broadly: “a rule that is under business jurisdiction”
(OMG, 2015b). However, many other definitions exist:
• “A rule or policy that governs the behavior of the enterprise and distinguishes it from
others.” (Ross, 1987)
• “a requirement on the conditions or manipulation of data expressed in terms of the business
enterprise or application domain” (Selfridge et al., 1993)
• “statements about how the business is done, i.e. about guidelines and restrictions with
respect to states and processes in an organization.” (Herbst, 1997)
• “business rules are statements about the enterprises’ way of doing business. They reflect
policies, procedures or other constraints on ways to satisfy customers, make good use of
resources.” (Rosca et al., 1997)
• “the set of conditions that govern a business event so that it occurs in a way that is
acceptable to the business.” (Von Halle and Goldberg, 2009)
• “a compact statement about an aspect of a business. The rule can be expressed in terms
that can be directly related to the business, using simple, unambiguous language that is
accessible to all interested parties: business owner, business analyst, technical architect,
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and so on. It is a constraint, in the sense that a business rule lays down what must or
must not be the case.” (Morgan, 2002)
The definitions stated above vary greatly in genericness. Hay et al. (2000) analyzed many
definitions and wrote an article solely designed to define a business rule. As such, we adopt
their definition: “a statement that defines or constrains some aspect of the business, intending to
assert business structure or to control the behavior of the business.”.

3.2.4.1

Business Rule Disambiguation

Business rules are often categorized in definitional and operational business rules (Rosca and
Wild, 2002; Rosca et al., 1997; Spreeuwenberg and Healy, 2010). Definitional business rules
“define the business information model ” (e.g. a sale record includes the buyer, the product, the
quantity, the price, and any applicable discount) whereas operational business rules are about
“how the business reacts to business events” (e.g. if the sale record of a buyer is greater than five
products, apply 10 percent discount) (Boyer and Mili, 2011). Halle and Ronald (2001) further
distinguish these two categories based on the intention of a business rule (Figure 3.27):
• Constraint: a statement that specifies a mandatory feature (business behavior or characteristics) that must be satisfied by a business entity. (i.e. [subject] must (not) [feature])
• Guideline: a statement that specifies an optional feature that should be satisfied by a
business entity. Upon the violation of this rule, system only raises a warning instead of
rejecting the transaction (i.e. [subject] should (not) [feature])
• Action enabler: a statement that specifies a condition that will start a business action
(i.e. if [condition] then [action])
• Computation: a statement that derives a value using an algorithm (i.e. [value] is computed
as [algorithm])
• Inference: a statement that derives a fact using logical deduction or induction (i.e. if
[condition] then [fact])
Many similar categories have been created by different researchers (Boyer and Mili, 2011; OMG,
2015b, 2008; Von Halle and Goldberg, 2009; Hay et al., 2000; Zoet and Versendaal, 2013; WanKadir and Loucopoulos, 2004; Caron et al., 2013; Leite and Leonardi, 1998; Wagner, 2005; Zoet
et al., 2011; Taveter and Wagner, 2001), a description of each one is given in Appendix K

Figure 3.27: Business rules decomposition according to Halle and Ronald (2001)
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Business Rules Modeling Approaches

Most of the discussed business rule modeling approaches in literature are meant to fully describe,
or complement to business processes (Muehlen et al., 2007; Knolmayer et al., 2000; Lu and Sadiq,
2007; Goedertier and Vanthienen, 2007; Milanović et al., 2011). Moreover, a lot of business rules
related to data integrity can be enforced in the data model (Endl et al., 1998). We will not
further discuss those approaches here, as this has already been done in Section 3.2.2.1 and 3.2.1
respectively. Zur Muehlen and Indulska (2010) compared Simple Rule Markup Language (SRML),
the Semantic Web Rules Language (SWRL), the Production Rule Representation (PRL) and
the Semantic Web of Business Vocabulary and Business Rules (SBVR) (OMG’s standard (OMG,
2015b)), and conclude that the combination of BPMN with SRML holds the most expressiveness
in terms of describing an enterprise. Other popular business rule modeling approaches are
RuleSpeak for expressing rules in natural language OMG (2008), OCL as supplement for UML
(OMG, 2003b) and RuleML as markup language for semantic web rules (Boley et al., 2001).

3.2.5

Functional Modeling

Wand and Weber (1990) argue that modeling tools can be information system or reality driven.
Fonseca and Martin (2007) also recognizes this differences, but make a distinction between
computational ontologies and conceptual schema’s. They explain the differences as “They belong
to two different epistemic levels. They have different objects and are created with different
objectives. While computational ontologies are focus on explanation and information integration
grounded in assumptions about invariant conditions that define the domain of interest, conceptual
schemas focus on linking the general ontological categories with particular observations to be
classified in a IS ”.
The GSDP is a generic framework for developing any kind of artifact, including software (Dietz
and Hoogervorst, 2007). It consists of the all necessary steps that need to be taken in a
development process, and is not MDE specific. Within van Kervel et al. (2012), they altered the
GSDP specifically for the MDE domain by adopting Guizzardi’s framework (Guizzardi, 2005).
The GSDP-MDE framework can be seen in Figure 3.28 and states that real world phenomena
(i.e. all enterprises and their contexts) can be described using an ontology, and the ontology
is represented by a modeling language. On an abstraction level lower (i.e. the instance level),
a single enterprise is an instance of real world phenomena, and can be described by creating
a model of that enterprise. The model is an instance of the ontology, and is expressed as
a specification of the modeling language. A model engine is able to interpret the modeling
languages, and directly interprets the specification to system behavior. The DEMO enterprise
ontology from (Dietz, 2006) is used as standard set of modeling languages.

3.2.5.1

DEMO

The modeling approaches that we have discussed so far all have been information system driven.
An example of a modeling approach that is GSDP-MDE compliant is DEMO from Dietz (2006),
which has been successfully used in MDE (van Kervel et al., 2012). Within this modeling
approach, four models are constructed (Figure 3.2.5):
• Construction model specifies the construction of the organization. Within the constructional model, the organization is shown as transactions between different actors, it consists
of the:
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– Interaction model to show the active influences between actors (i.e. the execution
of transactions).
– Interstriction model to show the passive influences between actors (i.e. consideration of existing facts (of other actors)).
• Process model contains a specific transaction pattern for every transaction modeled in
the construction model.
• State model contains all the facts (i.e. states) about the real world.
• Action model specifies the rules that are used by actors when dealing with an action.

Figure 3.28: The GSDP-MDE principle

Chapter 4

Model Driven Engineering and
Environments
Before we can properly define what an MDEE encompasses, we need to determine what MDE
specifically is. In literature there are a lot of terms that are closely related to MDE such as: MDSD,
MDD, DDD, DSL, MDA, MBE, Product Line Engineering (PLE), Model Integrated Computing
(MIC), Language Oriented Programming (LOP), Domain-Specific Software Architecture (DSSA),
Conceptual Model Programming (CMP), RoundTrip Engineering (RTE), and Ontology-Driven
Software Development (ODSD). We will investigate and relate each term to MDE, and thereby
properly demarcate the extent of MDE (Figure 4.1). In the second part of this chapter we will
use the demarcating of MDE to define the term ‘MDEE’. Additionally, we will introduce our
interview protocol which contains a section for each researched MDEE element.

Figure 4.1: MDE disambiguated

4.1

MDE Related Terminology

Fortunately, Völter et al. (2013) have already done significant work in relating MDE related
terms. Völter argues that although the software modeling community uses MDSD and MDD
33
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interchangeably, MDSD is a more suitable term because it explicitly mentions software development rather than development in general. Additionally, many researchers use the terms
’engineering’ and ’development’ interchangeably in the context of MDE (Mohagheghi and Dehlen,
2008; France and Rumpe, 2007; Hailpern and Tarr, 2006; Embley and Thalheim, 2014). For the
remainder of this thesis, we adopt the views from these researchers and Völter et al. (2013),
and conclude that MDE, MDD and MDSD are used to describe the same software engineering
methodology, which we defined in Section 3.1.1 as: “A software engineering approach consisting
of the application of models and model technologies to raise the level of abstraction at which
developers create and evolve software, with the goal of both simplifying (making easier) and
formalizing (standardizing, so that automation is possible) the various activities and tasks that
comprise the software life cycle.” (Hailpern and Tarr, 2006).

4.1.1

Model Driven Architecture

We already discussed the MDA standard in Section 3.1.2.1, and will therefor not discuss it
extensively here. As we showed, MDA is a standard consisting of 4 other standards (MOF, QVT,
XMI and CWM) that suggests a model-to-model-to-code approach for MDE (see Figure4.2).
Cook (2004) summarizes this as: “MDA is misnamed: It is not an architecture at al; it is a
standardized approach to [model driven engineering] based on abstraction of platform similarities”.

Figure 4.2: MDA principle and example

4.1.2

Round-trip Engineering

The degree to which models are applied can vary greatly, as Brown (2004) illustrates in Figure 4.3:
• Code only: developers only use code to develop software.
• Code visualization: developers only use code to develop software, code is automatically
visualized in models.
• Round-trip engineering: code and model are interrelated (i.e. changing code will
change the model and vice versa), allowing developers to use both for development.
• Model-centric: developers only use models to develop software, the code is automatically
generated.
• Model only: developers only use models to develop software, and solely communicate
with each other about the system in terms of models (i.e. coding terminology is absent).
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Figure 4.3: Modeling spectrum according to Brown (2004)

Völter et al. (2013) argues that only the ‘model-centric’ and ‘model only’ stages can be considered
MDE. Within RTE “the model typically possesses the same abstraction level as the code (that
is, ‘one rectangle per class’)”. Looking at the MDE definition we adopted from Hailpern and
Tarr (2006), we have to agree with Völter et al. (2013), because MDE is directly related to an
increase of abstraction.

4.1.3

Generative Programming

Generative Programming (GP) was popularized by Czarnecki and Eisenecker (2000), who
defines GP as: “a software engineering paradigm based on modeling software system facilities
such that, given a particular requirements specification, a highly customized and optimized
intermediate or end-product can be automatically manufactured on demand from elementary,
reusable implementation components by means of configuration knowledge.”. Völter et al. (2013)
argues that GP is a special form of MDE, because it specifically focuses on software families.
We therefore see GP as a specialization of MDE.

4.1.4

Model-Integrated Computing

Within MIC, software and the physical system are seen as one (i.e. embedded software) (Sprinkle,
2004). Sztipanovits and Karsai (1997) define MIC as an approach where: “tool specific model
interpreters translate model information into languages used by the tools. These tools analyze
the system’s interdependent characteristics (such as performance, safety, and reliability). Other
interpreters translate models into executable specifications used to automatically synthesize
software.”. The biggest difference with MDE is, because software and systems are seen as
one, that models do also determine non-functional requirements such as architecture, security,
reliability etc. Völter et al. (2013) concludes that MIC is compatible with MDE on a conceptual
level.

4.1.5

Domain Specific Software Architecture

Similar to MIC is DSSA, which is defined by Tracz (1994) as “a process and infrastructure
that supports the development of a Domain Model, Reference Requirements, and Reference
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Architecture for a family of applications within a particular problem domain. The expressed goal
of a DSSA is to support the generation of applications within a particular domain (also known as
a product-line)”. Compared to MIC, DSSA specifically deals with domain specific models about
a software’s environment. Sztipanovits and Karsai (1997) summarize the differences between
DSSA, MIC and MDE as: “Model-integrated computing is similar to the domain-specific software
architecture approach, yet its models capture not only the software’s architecture, but also the
environment’s. And it uses models in a more general sense than modelbased software engineering:
Models capture the information that defines the application’s changing part, information that is
frequently more comprehensive than models of the software itself.”

4.1.6

Conceptual Model Programming

Embley et al. (2011) states that CMP is about “precisely capturing an application in the language
of an executable conceptual model that is sufficient for all storage, functional, and interaction
requirements of an application.”. This view was further popularized by Embley and Thalheim
(2014), and is in line with MDE. We can therefore conclude that CMP is a specialization of
MDE, where models specifically need to be on a conceptual level.

4.1.7

Ontology Driven Software Development

ODSD was popularized by Pan et al. (2012), whom state that “ontologies provide a formal
representation of knowledge and the relationships between concepts” so that “all involved specifications, models, and programs can statically be checked for consistency and that developers are
guided on how to continue.”. To summarize, ontologies are used to develop software in OSDS
as models are used in MDE. Garshol (2004) defines a ontology withing computer science as “a
model for describing the world that consists of a set of types, properties, and relationship types”.
Because ontologies are models, ODSD falls under MDE.

4.1.8

Product Line Engineering

PLE is defined by Pohl et al. (2005) as “a development paradigm that explicitly addresses reuse
by differentiating between two kinds of development processes: In domain engineering, the
domain artifacts of the product line are defined and developed. In application engineering,
customer- and/or market-specific products are derived from the domain artifacts by binding the
variability defined in the domain artifacts according to customer and/or market-specific needs.”.
In other words, a model has to be created that describes domain and application-specific parts
of the application. In this sense, the models used in PLE are of a different abstraction level
compared to MDE.

4.1.9

Software Factories

A well known PLE initiative that implements a number of MDE practices is Microsoft’s Software
Factories (SFs) (Greenfield and Short, 2003; Lenz et al., 2006). A SF is defined by Greenfield and
Short (2003) as “a software product line that configures extensive tools, processes, and content
using a template based on a schema to automate the development and maintenance of variants
of an archetype product by adapting, assembling, and configuring framework-based components”.
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As can be derived from the definition, a SF encompasses more than just MDE technologies,
as it explicitly mentions terms such as tools, processes and content which are absent in the
definitions provided by Hailpern and Tarr (2006). Völter et al. (2013) agrees with this view and
summarizes a SF as “an IDE specifically configured for the efficient development of a specific
kind of application, such as applications in a specific domain”. Völter concludes that because a
PLE (and SF) look at the entire SDLF, it has a much broader scope than plain MDE.

4.1.10

Domain Specific Modeling

Völter et al. (2013) concludes that “DSM is primarily known as the idea of creating models for a
domain in a DSL sutiable for that domain. In this respect, DSM is mostly about the modeling
aspect of MDSD.”. However, this does not imply that the models created through DSM cannot
be used for software generation/model interpretation. In fact, as we will see later in this thesis,
Domain Specific Modeling Language (DSMLs) are used extensively in contemporary MDE tools.

4.1.11

Language Oriented Programming

LOP refers to tools that allow developers to create their own DSL (Ward, 1994). A good example
of such a tool is the meta programming system1 from the company JetBrains2 , which allows
developers to specify their own language, editor, compiler, transformation and debugging support.
Compared to MDE, LOP is more a tool and an abstraction level higher in the sense that it aims
to facilitate the creation of DSLs.

4.1.12

Domain Driven Design

DDD is a concept on its own, and not directly related to MDE. DDD is a set of guidelines created
by Evans (2004) that aims to be a “framework for making design decisions and a technical
vocabulary for discussing domain design”. DDD consists of techniques, patterns and processes
that can be used for the creation of proper domain models. The methodology does not aim
for code generation or model interpretation, it purely provides guidelines to make high quality
domain models.

4.2

Model Driven Engineering Environments

The term MDEE is not yet defined in current literature. However, to answer our first sub-question
(Secion 1.1.1) and before we can find suitable case study candidates, we need to define what a
MDEE actually encompasses. MDE does not differ greatly from traditional software development
where developers write code using a programming language inside an IDE. If we apply this
analogy to MDE, there are developers (i.e. modelers) that create models using modeling languages
in some kind of modeling environment Gray et al. (2007). The models themselves are just a
visual representation that on their own do not hold any semantic value. Therefore the models will
need to be delivered in a semantic rich exchange format to the generator/interpreter (Tankovic,
2011; Völter et al., 2013), which will then generate/compile the (end) application. Together, all
these components form the MDEE, from developer to application (Figure 4.4).
1
2

https://www.jetbrains.com/mps/
https://www.jetbrains.com/
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Figure 4.4: Framing of MDEE

4.2.1

MDEE Expert Interviews

To answer our second and third sub-research question (Section 1.1.1), we need to interview
MDEE experts and subsequently compare those MDEEs so as to identify differences and their
corresponding advantages and disadvantages. Based on the frame provided above, we identified
36 companies with an office in the Netherlands that sell MDEEs (AppendixD). We were able
to interview MDEE experts from 20 of those companies, out of which four were not able to
provide relevant information due to a lack of (technical) knowledge or confidentiality. From the
remaining 16 MDEEs, we aimed to compare every element except for the modeling environment.
However, it turned out that most of the experts could not provide significant details on the
exchange format and technical stack of the generator/interpreter. We were therefore forced to
completely leave the exchange format from our comparison, and were only able to capture the
(technical) transformation process from model to end application instead of the full technical
stack (Appendix I). These factors translate to the following comparison criteria per MDEE:
• Developer type: the extend of technical knowledge required for a person or team to fully
model/develop an application.
• Modeling environment: will not be researched.
• Modeling languages: the implemented modeling approaches and their specific constructs
(e.g. a task in processes or attribute type for data).
• Exchange format: will not be researched.
• Transformation process: the transformation process that captures how models are
transformed to an end application.
• Application type: the kind of end applications that can be created (e.g. full ERP
systems or smaller business applications).
As mentioned in Section 2.2, we prepared the interviews by conducting extensive documentation
studies, and using the MDEEs when a demo was available. Additionally, we enumerated
all transformation technologies and modeling approaches we identified during our literature
study per separated concern in Appendix J. Through this enumeration, we can easily check
whether implemented modeling languages in the researched MDEEs match with ones described
in literature. Given our time constraints we were only able to provide a short description of
each approach, although we recognize that it have been better to include a full documentation.
Because all modeling approaches are already fully documented in other articles or books, we
argue that providing a proper reference will suffice. The semi-structured interviews with the
MDEE experts were divided in six parts, partly corresponding to the elements of a MDEE
(Appendix B):
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1. Introductory questions to get familiar with the company, MDEE and interviewee
(summarized in Appendix E).
2. User types questions to identify how much technical knowledge is required to built an
application within the MDEE.
3. Modeling languages questions to identify implemented modeling languages, their
elements, advantages and disadvantages, as well as the distance of the modeling languages
to the real world.
4. Generator/Interpreter questions to identify all the transformation steps (including
their rationale) between models and byte code.
5. Application questions to discover what kind of applications can be created within the
MDEE.
6. Closing questions to answer any remaining questions from the interviewee.

Chapter 5

User Types, Transformation
Processes and End Application
Types
In this chapter we will discuss the user types, generation/interpretation process (transformation
processes) and application output of each MDEE. We chose to present the user types and
transformation processes in a single chapter, because different user types can have different roles
in a single transformation process. Additionally, the output of the transformation process is an
end-application, making it logical to present both perspectives in a single chapter. The modeling
elements will be analyzed and compared separately in the next chapter (Chapter 6).

5.1

User Types

The different user types per MDEE can be seen in Table 5.1. Where these user types are
required in the development of an application will be shown in the transformation process section
(Section 5.2 and Appendix H). Moreover, the choice for a specific user type was often business
model related, which we consider out of scope for this thesis. We identified four different types
of users (differing in the amount of technical knowledge that is required):
• Laymen are people whom have no technical knowledge.
• Technical business users are people whom have certain knowledge on software development, but are not developers (e.g. knowledge on databases, familiarity with data types such
as strings and integers). It is hard to define how much technical knowledge these people
require, therefore we simply position this user type as more knowledgeable (regarding
software development) than a layman, but less than a developer.
• SQL experts are people whom know how to properly write SQL queries.
• Developers are people whom know how to write applications in a programming language
(including SQL).
As can be seen in Table 5.1, 31% of the researched MDEEs have laymen as modelers, 56%
have technical business users, 6% have SQL experts and 50% have developers. In the user
type categorization given above, ‘SQL expert’ is on a different abstraction layer. We created
this user type only for the Usoft MDEE, because this MDEE specifically requires a person
that has sufficient knowledge of SQL rather than a programming language. The product
40
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manager from Usoft explains: “Although you don’t need a lot of broad technical knowledge to
use Usoft, you do need somebody that is great with SQL who can translate business rules to SQL
database constraints.”. Moreover, there are MDEEs which were purposefully designed to allow
programming and those were it is a adverse side affect. The latter applies to both the Cordys
and IBM MDEE (Figure H.10 and H.12), as developers are required to create special connectors
between the MDEE and other ISs for the purpose of data and function exchange. Although the
MDE philosophy of both the IBM and Cordys MDEE is not to require any programming at all,
it is virtually impossible to pre create a connector for every existing IS. An ex software solution
architect mentions: “When I was still working at IBM, the list of supported information systems
was long. However, every time we wanted to implement IBM’s business process manager at a
company, there was at least one information system that required the development of a connector.
Also, this number was significantly higher for newly penetrated markets.”. Lastly, most of the
MDEEs are not designed for one specific user type, but require the input of several. Just as with
a regular development team where different specializations are needed (e.g. front-end developer,
back-end developer, API developer etc.), MDEEs also require different expertises.
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Legend:
Adverse side effect
Total statistics

Table 5.1: User types per MDEE

5.2

Transformation Process

In this section we will not present all the transformation processes, these can be found (including
full explanation) in Appendix H. Instead, we discuss transformation constructs found in several
MDEEs, including one example per construct, and extend our analysis by examining those
constructs found only in a single MDEE (i.e. Blueriq, Mendix, Usoft and Cordys). To visualize
each transformation process, we use the Diagram Data Flow approach from Coad and Yourdon
(1991) (Figure 5.2), which can be used to graphically represent the flow of data (model or
meta-data in our case) through an information system.

Table 5.2: Constructs within the DFD approach from Coad and Yourdon (1991)

5.2.1

Generation and Interpretation Simplification

To save space in our thesis, we provide a description once of the generator and interpreter
(Figure 5.1 and 5.3), and use simplifications in the remaining transformation process visualizations
(Figure 5.2 and 5.4). The difference between the two is that a generator generates programming
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code that needs to be compiled to byte code, whereas an interpreter directly compiles the models
to byte code. As we assume that all readers are familiar with basic MDE and software concepts
such as code templates, code compilation, application deployment and query execution, we will
only provide a high-level overview of such processes.
The complete visualization of code generation is provided in Figure 5.1, whereas the simplification
can be seen in Figure 5.2. Every MDEE that we researched makes use of template-based code
generation. The code generator retrieves code templates which are saved in a database, and
subsequently applies each code template for the relevant meta-data. For example: for each
modeled database entity, the same code template is applied that contains ‘create table’ query
statements. Similarly, for each modeled entity attribute, a code template is applied that contains
the functionality for providing that specific attribute with values. After all the code templates
have been applied, all the necessary code has been generated to create an application. The
generated SQL scripts will be pushed to, and applied by, a DBMS, which will result in a database.
Next, the generator pushes the generated back-end code to the correct back-end server, where a
compiler will compile all the code to a back-end system. Lastly, all generated front-end code is
deployed on a front-end server, which communicates with the browser based on user interaction.

Figure 5.2:
Simple
visualization
of the code
generation
process
Figure 5.1: Detailed visualization of the code generation process

The complete visualization of model interpretation is provided in Figure 5.3, whereas the
simplification can be seen in Figure 5.4. Just as with a code generator, query statements have
to be created in order to establish a full working database. The model interpreter interpreters
the model and directly creates byte code that creates the back-end functionality. The modeled
UI elements are saved as JSON objects, which are transformed to the correct HTML scripts
through JavaScript. Both the Cordys and Blueriq MDEE do not comply to the interpretation
process visualized Figure 5.3, and will therefore be visualized entirely.

5.2.2

Transformation Constructs

By analyzing all the visualized transformation processes in Appendix H, we identified several
transformation technologies that can be seen in Table H.1. For every transformation technology
in Table H.1, a disadvantages is the development cost and increase of complexity. Because
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Figure 5.4: Simple visualization of the code generation process
Figure 5.3: Detailed visualization of the code generation
process

these disadvantages are so general, we will not mention nor discuss them (thoroughly) in the
subsequent paragraphs.

1
1
1
1
1
1
-

Total (%):

1
-

1
- 1 1 1 1 1 1
1
1 - - - - - 1
- Gx - 1 - - - 1 1
- - 1 - - - 1 1 1 - 1 1 - 1
1
- - - - 1 - 1
1 BPMN - - 1 - - 1 UI
1
- - - - - - - - - - - - 1
1 1
1 1 - 1
1
- - - - 1 - 1
- - - - - - 1
1 1 1 1 1 1 1 1
1
- - - - - - 1
- - - - - - -

Total:
Formetis
GorillaIT

1
1
-

WEM.io

1
1
1
1
1
1
1

Usoft
Cordys
Thinkwise
Servoy
Outsystems
AFAS
Mendix
IBM
Triggre

Modeling Tool Native modeling tool
Web modeling tool
Programming Programming mandatory
Programming optional
Engine
Generation
Two step generation
Interpretation
Storage
XML as data storage
Store model locally
Portability
Convert model to XML
Support different stacks
Plug & play architecture
Application
Web application
Native application
Runtime workflow modeling

Genexus

Transformation differences

Blueriq
Betty Blocks
42Windmills

Difference
category

1 - 1 - 9 56%
- 1 - 1 8 50%
- WEM 1 1 7 44%
- - - - 1 6%
- - 1 - 8 50%
- - - - 3 19%
1 1 1 1 12 75%
- - - - 1 6%
1 - - - 1 6%
- 1 - - 8 50%
- - - - 4 25%
- - - - 1 6%
1 1 1 - 15 94%
1 - - - 3 19%
- - 1 - 2 13%

Legend:
Adverse side effect
Program in IDE
DSL close to code
Total statistics

Table 5.3: Transformation differences per MDEE

5.2.2.1

Modeling Tool

The first difference that we identified is the use of a web modeling tool versus a native modeling
tool. 56% of the researched MDEEs has a native modeling tool, against 44% that has a web
modeling tool. However, a web modeling tool is on the product roadmap for all of the MDEEs
that currently have implemented a native modeling tool. A business development manager
from GeneXus explains: “Just as with regular applications, transitioning to the cloud takes time.
We currently have a project running that is specifically concerned with making the [modeling
tool] browser accessible.”. In case of the Thinkwise MDEE, the models are interpreted by an
executable that runs on a server (in case of web end application) or directly on the computer (in
case of a native end application). Depending on which variation is used, the modeling tool is
either web or native. This will be further explained in Section 5.2.2.3.
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Programming

Within 44% of the researched MDEEs it is necessary to use a programming language in order to
create a fully working application. We identified different gradations in how much programming
plays a role in the MDEE. In case of the Mendix MDEE, programming is optional and not
needed per se (Figure 5.5). This means that a full application could be created without any
programming, but developers do have the freedom to make use of the Java programming language.
The CTO from Mendix clarifies: “By using a model that is more abstract than a programming
language, expressiveness is lost. This lack of expressiveness can be overcome by allowing the
use of a programming language, as this provides developers with the same freedom they would
have had during regular programming.”. However, there are those with a different opinion, as
the CEO of Betty Blocks states: “If you provide users with the freedom of a programming
language, they won’t feel the strong necessity of only using models, and will therefore also use
the programming language where models would have been sufficient.”. Additionally, the lead
architect from 42Windmills adds: “Allowing the use of programming code adds some challenges
regarding migration. Every time a new version of the application is generated, [the generator]
needs to keep track of all the manual written code in order not to interfere with it.”.

Figure 5.5: The transformation process of Mendix

As explained earlier, the MDEEs of IBM and Cordys (Figure H.12 and H.10) require developers
for the development of connectors. Within the MDEEs of 42Windmills, Servoy and GorillaIT
(Figures H.6 H.15 and 5.6), the MDEE only generates a part of the necessary code (with extension
points), which needs to be manually complemented using an IDE. However, both 42windmills
and GorillaIT have projects running to fully replace coding with modeling. The lead developer
of GorillaIT states “We are looking for ways to replace coding with functional modeling, but
haven’t found a suitable approach yet.” and the lead architect of 42Windmills calls: “We have
some projects that deal with expanding our modeling capabilities, however, we are quite busy
so I don’t see that happening anytime soon.”. On the questions why coding cannot be done in
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the MDEE, the lead developer of GorillaIT replied: “Why would you force developers to work
outside of an IDE they are already familiar with? ”.

Figure 5.6: The transformation process of GorillaIT

The MDEE of Servoy is a plug-in for Eclipe that allows developers to model the data structures,
UIs, and the connections between these two. For processes and business rules the developer is
obligated to use JavaScript, the CEO of Servoy justifies: “In a world where web based applications
play such a huge role, every serious developer already has some experience with JavaScript.”.
Within the Thinkwise MDEE (Figure 5.9), developers are required to program the business rules
rather than modeling them. The CTO from Thinkwise explains: “We are currently working on
creating a more visual business rule language, but this project has not been finished yet.”.
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The MDEEs of GeneXus and WEM.io do not require direct programming, but do both contain
a DSL that shows closer resemblance to a programming language such as Java than to (visual)
modeling languages. The lead developer of WEM.io justifies: “Through WEM script we are
able to maintain more expressiveness.”. Both DSLs will be (further) discussed in Chapter 6.
Lastly, the MDEE of ForMetis requires programming for integration purposes, this will be fully
elaborated in Section 5.3.

5.2.2.3

Engine

The second difference that we identified is the implementation of a generator versus an interpreter.
The basic principle of both is already given in Section 5.2.1, as such we will not provide an
example figure. As can be seen in Table H.1, 50% of the researched MDEEs implemented a
generator, against 75% that uses an interpreter.
Not all the interviewed MDEE experts specifically remembered their choice for a generator or
interpreter. The CTO from Triggre recalls: “We just had to go with one of the two.”. The
CEO from Betty Blocks chose specifically for an interpreter, he explains: “When you interpret
models instead of generating code, you make it impossible for users to touch and alter any
code”. However, we argue that this can also be a disadvantage. The CIO from AFAS argues:
“Due to many developments and new technologies in programming languages and compilers, the
differences between code generation and model interpretation become smaller and smaller. Where
in the past model interpretation had the big advantage of being faster due to the absence of
redeployment, current technologies can make redeployment so fast that the speed differences can
be virtually non existent.”. The CTO from Mendix referred us to his blog post (den Haan, 2010),
in which he discusses the relative advantages of generators and interpreters (See Appendix C).
The MDEEs of GeneXus, Thinkwise, 42Windmills and GorillaIT (Figure H.11, 5.9, H.6 and 5.6)
implemented an interpreter next to their generator specifically for process or UI interpretation.
The CTO from Thinkwise states: “By interpreting the UI and generating the remaining parts
of the application, we are able to share models between different platforms. If a user makes
a change in the UI model on one platform, other platforms will automatically change as well
because the same model is used. We therefore do not constantly have to regenerate the UI
for all supported platforms whenever a change is made.”. A business development manager
from GeneXus tells: “Having a separate process interpreter rather than generator allowed us to
maintain our flexibility in terms of programming languages. When we introduced BPMN, we
either had to make big changes in our many generators, or introduce a single BPM interpreter
that is platform independent. Of course we still had to make small changes in our generators
so that end-applications are able to communicate with the BPM engine, but this was far less
work. And, if we want to implement a new programming language, we don’t have to take care
of BPM functionality.”. Although the interpreters from the Thinkwise and GeneXus MDEE
cover different aspects of an application (Business processes and UI), both representatives
mention platform independence as motivation, which was also mentioned in den Haan (2010) as
interpretation advantage. Within the MDEEs of 42Windmills and GorillaIT interpreters were
a necessity in order to allow the runtime modeling of work flows and state/machine processes
respectively. The CTO from 42Windmills explains: “You can’t generate code again in end
application that is already generated. To allow workflow modeling in the end application, We
were forced to make use of an interpretative solution.”
The MDEEs from Thinkwise, GeneXus and Outsystems (Figure 5.9, H.11 and H.14) all have
a two step generation process. For the Thinkwise MDEE this means that a generator uses
the model as input to generate program objects, which in turn are used by a second generator
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together with manual coded functionality to generate the actual end-application. The CTO of
Thinkwise clarifies: “By first generating program objects, we can subsequently match custom
written functionality with multiple program objects. This allows us to treat the custom written
code as code templates, and weave it in multiple parts of the application where the same custom
made functionality is required.”. A business developer manager from GeneXus explains: “Because
we use Prolog, we have a lot opportunities for backtracking changes. By splitting the generation
process in two parts, we can manipulate those changes before the actual code generation occurs.
As a result, backtracking functionality can automatically be applied for all generators, without
extra work.”. Lastly, a pre-sales architect from Outsystems states: “Because we generate both in
C# and Java using similar code templates, specific [programming] language optimizations are
required for optimal performance.”. On the discussion what disadvantages a two step generation
process holds, all three MDEE experts eventually argues that a two step generation process
increases the complexity and time of the transformation process. For example, the business
developer manager from Genexus replied: “I cannot really think of any disadvantages, except
for the fact that it complicates the [transformation] process. However, our end users do notice
anything.”.

5.2.2.4

Storage

The MDEE from Blueriq does not generate a working database, but instead makes use of an
‘out of the box data service’ that saves data in an XML file (Figure 5.7). A product owner from
Blueriq clarifies: “With a database you want to control the persistency of data. Instead, we use
an out of the box data service which deals with this persistency by creating and saving a runtime
profile of the application in an XML file.”. When asked the question why they do not make use
of a regular database, he replied “The data model changes a lot overtime by the alternation,
removal and addition of entities and attributes. We don’t want to regenerate an entire database
every time the model changes, because this can potentially cause a lot of problems with data
migration. However, we have customers that convert the XML to a working a database through
custom code.”.

Figure 5.7: The transformation process of Blueriq
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Within the Usoft MDEE, users have the choice to save the model as byte code on their local
machine (Figure 5.8). The product manager from Usoft explains: “Our customers have the option
to locally save a compiled version of the model. This makes the interpretation step significantly
faster because the system can directly access the model.”. However, he also mentions: “Current
computer technologies are getting better everyday. Computing power increases and exchange
mechanism become faster, and as a result we see a decrease in the number of clients that make
use of the compiled model solution.”.

Figure 5.8: The transformation process of Usoft

5.2.2.5

Portability

In 50% of the researched MDEEs, the model is first transformed to an XML file before it arrives
at the generator or interpreter (an example is the MDEE from Blueriq, which is visualized in
Figure 5.7). An ex software solution architect from IBM tells: “By transforming the model to an
XML format, maximum portability can be realized. Instead of having to establish a connection
to the database where the model is stored every time, people can simply import the XML file.”.
Similarly, the CTO of Thinkwise states: “Model to XML conversion is something I want to
implement at some point in our software factory as it holds many advantages in portability and
model maintenance. Unfortunately, it would require us to change the entire architecture, thus it
is not a valid business case yet. ” Additionally, the product owner from Blueriq adds: “Exporting
the model to an XML and saving that XML separately makes it a lot more easy to experiment
with different versions of the end applications. [...] Instead of dealing with different [model]
versions in the database, you deal with different XMLs.”.
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Not all MDEEs are limited to working with a single programming language. 25% of the researched
MDEEs support different language stacks. Again, the MDEE from Blueriq serves as an example,
as the interpreter is available in both Java and C# (Figure 5.7). An example of a generator that
generates in different languages is the MDEE of Thinkwise, visualized in Figure 5.9. The CTO
from Thinkwise argues: “By supporting both Java and C#, developers can choose the language
they are most comfortable with.”. Similarly, the regional sales executive of Outsystems mentions:
“When customers leave the Outsystems ecosystem, they have the opportunity to download all the
generated source code. This allows leaving customers to continue with the application in a language
they prefer.”. However, supporting multiple technical stacks also increase the maintainance work,
as modifications have to be applied in all the generators/interpreters for the different stacks.

Figure 5.9: The transformation process of Thinkwise

The MDEE from Cordys is the only researched MDEE with a plug and play architecture
(Figure 5.10). With this we mean that all the interpreters, compilers, generators and exchange
formats can be easily replaced. The ex VP product manager states: “The Cordys architecture is
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built in such a way that components can easily be added or changed.”. He later elaborates “All the
different [interpreters] communicate with each other through a software bus, so simply adhering to
the communication protocols of this bus is enough to implement your own [interpreter]. Ofcourse,
when you add a new XML compiler, it should be able to read the XML representation of the
model, as well as to provide understandable input for the relevant [compilers]. [...] Also the
modeling application is written in such a way that that new modeling languages can easily be
added. Naturally, adding or changing a modeling language also requires additions and alterations
to the database and XML file in which the model is stored.”.

5.2.2.6

Application

All but one of the researched MDEEs (i.e. 94%) create a web based end application, and
three of those MDEEs are also able to create native applications (for example the MDEE
of Thinkwise, visualized in Figure 5.9). The MDEE of ForMetis does not create a native or
web-based application, together with the ‘mandatory programming’ explanation, this will be
elaborated in Section 5.3. The product manager of Usoft states: “Some of our clients still only
want an on premise native application for security reasons, although this number is decreasing.”.
The CEO of GeneXus BeNeLux adds “By supporting both web and native applications, customers
have complete freedom in their choice without any compromises.”. However, not everybody
shares the same vision, the CEO of Betty Blocks argues that: “Web based applications are getting
more and more popular, making it a less viable business case to also support native apps.”.
The MDEEs from 42Windmills and GorillaIT (Figure H.6 and 5.6) require runtime workflow
and state/machine process modeling respectively, rather than design time modeling. The CTO
from 42Windmills explains: “We want to allow our end users to model workflows”. The CEO
from GorillaIT clarifies: “End users know their own processes the best, as such we feel that they
should be the ones to shape processes.”.

5.3

Application output

The type of applications that each MDEE produces can be seen in Table 5.4. We identified four
different types of end applications:
• Business application is an application which supports and automates content, communication, and collaboration between a specific set of business functions1 .
• BPM application is an application that through process modeling and a Software
Oriented Architecture (SOA), uses services (functionality) of present ISs instead of having
functionality on its own. As a result, users only need to interact with the BPM application
rather than all the underlying (legacy) applications.
• ERP application is an application which automates and supports a range of administrative and operational business processes across multiple departments, including line
of business, customer-facing, administrative and the asset management aspects of an
enterprise1 .
• Demo engine is an engine that can only check whether actions of users are compliant
to specified DEMO models (see Section 3.2.5). Hence this is not a full application with
database or UI.
1

Modified from Gartner.com
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Figure 5.10: The transformation process of OpenText Cordys

As can be seen in Table 5.4, 44% of the researched MDEEs have a business application as output,
13% a BPM application, 38% an ERP application and 6% a DEMO engine. We specifically
indicated in which MDEEs programming is allowed, because this comes with ultimate freedom
to create any kind of application. When you take the MDEEs away that allow programming,
there are only two MDEE’s (i.e from Blueriq and AFAS) that are able to create a full ERP
application. However, most of the MDEEs focus on creating business applications, with the aim
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7 44%
2 13%
1
6 38%
1 1 6%

Legend:
Requires programming
Total statistics

Table 5.4: Application output per MDEE

of creating functionality that misses from ISs already in places. The CTO from Mendix explains:
“With Mendix you can create functionality for a specific department or business function that
is not present in the existing IT landscape of the company. Although we have partners that are
trying to built an entire ERP system with Mendix, this is not our aim. If you already know that
you want an ERP system, you should buy an ERP system, and not Mendix.”. Moreover, both
the MDEEs from IBM and Cordys have a BPM application as output. The aim of such an
application is not to replace legacy systems, but to put an modernized layer on top of legacy
software. The BPM application calls on services available in the legacy software, so users do not
loose any functionality, and only have to work with a single application. The ex VP product
manager from Cordys elaborates: “By using Cordys, companies can seemingly modernize their
entire IT infrastructur. On top of that, the Cordys platform adds a lot more flexibility because
processes can be modeled at will, removing any enforced ways of working that were present in the
legacy systems.”.
We created the DEMO engine type specifically for the MDEE of ForMetis (Figure 5.11). Within
this MDEE, users can only use modeling elements from the transactional model of DEMO (See
Section 3.2.5).

Figure 5.11: The transformation process of Formetis
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As mentioned earlier, the output of this MDEE is an engine instead of a fully working application.
The CEO of ForMetis clarifies: “Our DEMO engine on its own is very dumb, it can only check
and enforce user actions based on transactional and process models. We purposefully designed it
this way, because we strictly want to follow the enterprise ontology theory from Jan Dietz. This
theory states nothing about user computer interaction or saving data values, and therefore we also
decided not to implement such features.”. A business developer adds: “Because we only enforce
user behavior, our engine has to be connected or integrated with already existing applications.”.
From these comments we can deduct that a programmer is always required to integrate the
DEMO engine with an already existing application.

5.4

Validation

Although the results visualized in Figures H.6 to H.21 and Tables 5.1 & 5.4 are based on direct
input from the MDEE experts, we wanted to validate our results to ensure a valid and high
quality analysis. The entire validation protocol can be seen in Appendix B. Except for the
MDEE experts of WEM.io, GorillaIT, ForMetis and Betty Blocks, the validation interview took
place via email, Skype or another face-to-face meeting. Because the MDEEs from WEM.io,
GorillaIT, ForMetis and Betty Blocks were added last to our comparison, we felt comfortable
with validating their results at the end of the initial interview. As such, we took some time
between the interview and validation questions to expand our tables and create a visualization
of the transformation process. The original models before validation can be seen in Appendix B.

5.4.1

User Types Validation

After explaining the different user types, all the experts were presented with Table 5.1, and
were asked whether they agreed with the positioning of their specific MDEE. Although most of
the MDEE experts agreed with our categorization and their positioning in it, there were some
discussions with experts from Thinkwise, Cordys and Usoft.
The CTO from Thinkwise disagreed on that technical business users should be checked in
the case of Thinkwise. He elaborates: “Although the model could theoretically be modeled by
a non-developer, this will never happen in practice. Our tool is designed to help developers,
and as such will not be used by non-developers.”. We agreed with this vision, and therefore
removed the ’technical business user’ checks from Thinkwise, Servoy and GorillaIT. The ex VP
product manager from Cordys found the definition of ’technical business user’ very vague, and
suggested we use better definition. Although we looked for such a proper definition, we were
unfortunately unable to find one. Lastly, we initially categorized the user type of the Usoft
MDEE as a developer, because extensive SQL knowledge is required. However, the product
manager from Usoft insisted that for Usoft this should not be called a developer, he argues:
“Although a technical knowledge is required, this knowledge is of a very specific kind, namely
SQL”. As such, we created a separate category called ‘SQL expert’ for the MDEE of Usoft.

5.4.2

Transformation Process Validation

Each MDEE expert was presented with the visualized transformation process of their MDEE
(Appendix H), including a short oral explanation. We continued by asking whether they saw
any mistakes in the visualization. Because we asked each expert in the initial interview to draw
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the transformation process for their MDEE, we did not expect any major errors. Apart from
some small discussions caused by leaving out some details, the expert of the Blueriq did MDEE
identify a major error. We assumed that the interpreter from the Blueriq MDEE would generate
a database, however, he told us data persistency is realized through an out of the box data
service. As such, we altered the visualization accordingly.

5.4.3

Application Output Type Validation

Similarly to the user type validation, we explained all the application output types, and
subsequently presented each MDEE expert with Table 5.4. Fortunately, all MDEE experts
agreed with our categorization and positioning of the MDEEs. As such, we made no alterations
to our classification.

5.5

Summary

In Figure 5.12 we present a decision tree that visualizes all the transformation process options a
MDEE can have. Within this decision tree, we left out the native vs. web modeling tool choice,
because all MDEE experts indicated that a web modeling tool is in the product roadmap. The
two step generation and plug & plag architecture design decisions are only available for MDEEs
with a generator and interpreter respectively. Lastly, the ability to model flows at runtime
is only relevant for MDEEs with a generator, because runtime modeling is always possible
with an interpreter, and the ability to store model locally is only relevant for MDEEs with an
interpreter, because generators require code deployment. Appendix C repeats all the advantages
and disadvantages per design decision.

Figure 5.12: The design decision of the transformation process

Chapter 6

MDEE elements
In this chapter we will discuss all the modeling elements found in data, process, business rules
and UI modeling approaches of each MDEE. An overall summary of the modeling approaches
per MDEE can be seen in Table 6.13. Within this chapter will we not go through all identified
different modeling elements, as this would be too time consuming. Instead, our focus is on
grander themes that can be identified within the modeling ellements, and we will discuss specific
data elements that stand out. Unfortunately we also have to state that MDEE experts were not
able to provide solid reasons for certain design decisions, because it was too long ago or because
a decision simply was made on gut feeling. Appendix F provides all the identified modeling
elements, including a definition.

6.1

Data Modeling

We divided the data modeling into two parts: data modeling elements and attribute types. The
identified data constructs and elements will be discussed in this paragraph, whereas the analysis
of the attribute types is presented in section 6.2.
The identified data modeling constructs and elements can be found in Table 6.1, with the
exception of the AFAS Next data modeling language. Within table 6.1, we adopted the UML
terminology (e.g. generalization), nevertheless, we provide a definition of each element in
Table F.3, Appendix F.

6.1.1

Entity-Attribute-Relationship and Object Role Modeling

As can be derived from Table 6.1, all but two data modeling approaches are compliant to
the EAR approach. The exceptions are the data modeling languages of GorillaIT, which is
compliant to ORM instead (hence the LOT and NOLOT), and AFAS Next. The CEO of
GorillaIT mentions: “We chose object role modeling because it allows the user explain the data
model using storytelling. Whereas you have to deal with technical aspects of a data layer within
entity [attribute] relationship modeling, this is not the case with object role modeling. We just sit
down with the customer, let them tell how they run their business, and model entities accordingly,
without concern for attributes, primary keys and so on.”. The the data modeling language of the
AFAS Next MDEE will be elaborated in Section 6.1.3.
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Figure 6.1: Data elements per MDEE

Although the data modeling approach of Servoy does comply to EAR, it still differentiates
from the other (EAR) approaches. The Servoy data modeling language is the only language to
include ‘aggregation’ (entity construct), ‘variable’ (attribute construct) and ‘operator relationship’
(relationship construct) elements. The CEO of Servoy explains: “Our focus with Servoy lies on
supporting web application developers by automatically connecting UI components with relevant
data sources. As such, we provide those developers with a rich data modeling framework.”.
As mentioned earlier, within the MDEE of Formetis, the DEMO modeling theory is followed.
DEMO states nothing about saving data values, and therefore data modeling is not possible
with the ForMetis MDEE.

6.1.1.1

Entity Construct

Within the entity construct, all MDEEs that support data modeling allow the modeling of
entities (or objects in the case of the MDEE of GorillaIT). Moreover, six out of sixteen MDEEs
support the modeling of ‘delete behavior’. We must admit that we couldn’t find a suitable reason
that would explain why specifically these MDEEs implemented such a modeling element. Our
interviews suggest that for some MDEEs ‘delete behavior’ was simply a project with a higher
priority.
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Attribute Construct

Within the attribute construct we see a lot of consensus. Except from the ‘primary key’ and
‘variable element’, the same elements have been implemented in almost all MDEEs. Although it
is not possible to model attributes within the MDEE of GorillaIT, the same (attribute) elements
are relevant for lexical objects. Therefore, all the elements within the ‘Attribute’ construct refer
to lexical objects in case of the GorillaIT MDEE. Moreover, it is not directly possible within
the WEM.io MDEE to model ‘is required’. However, similar functionality can be realized by
modeling a UI field in the UI model which is restricted from being empty.
The ‘primary key’ element cannot be modeled in every MDEE. During our interviews we caught
two opposing views on this matter: The CTO of Triggre states: “Data modeling should be
as easy as possible for [modelers]. This requires the automation of multiplicity, primary keys,
generalizations etcetera.”, whereas the CEO of Servoy mentions: “We want to provide developers
with much freedom and flexibility.”. From these two clashing views it seems that the less technical
a users, the less data modeling options he/she prefers.
All of the MDEEs that support data modeling provide the functionality of calculation and
validation of attribute values. However, within the MDEEs of 42Windmills, Genexus, Servoy,
Thinkwise and GorillaIT, such functionality requires programming rather than modeling. The
option of programming has already been discussed extensively in Chapter 5, and will therefore
not be further discussed here.

6.1.1.3

Relationship Construct

All of the MDEEs with data modeling make use of relationships between entities. Most of the
MDEEs use the traditional one-to-one, one-to-many and many-to-many relationships, except from
the MDEEs of Triggre, AFAS and WEM.io. Within those MDEEs, a ‘reference to’ relationship
is used, meaning that the user does not provide multiplicity. Such a simplification for the user
requires that all the complexities are solved under water (in code), the CTO of Triggre clarifies:
“Removing all the complexity from the users comes not without consequences. We still make use
of a relational database, so the technical implementations still require traditional relationships
such as one-to-one and one-to-many. However, all this complexity is hidden within the source
code, so the [modeler] is not bothered with such technicalities.”.
There is no consensus within the MDEEs on whether to implement the ‘generalization’ element.
We suspect that it has to do with the earlier mentioned point of the user type. The MDEEs (i.e.
Betty Blocks and Triggre) that do not support modeling elements such as ‘primary key‘ and
‘generalization’, are also the ones with laymen as user types.

6.1.2

Meta Analysis

The frequency of occurrences can be seen in Table 6.2. Within table we present how many
times the occurrence from Table 6.1 occurs. If many data elements occur only in one or two
MDEEs, the frequency of the occurrence one and two will be high. This would means that the
MDEEs are very heterogeneous, because many modeling elements are only implemented in a
single or two MDEEs. On the other hand, if the frequency of higher numbers of occurrences is
higher, this would mean that the MDEEs are homogeneous, because many modeling elements
are implemented in many MDEEs.
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Occurrence Frequency Frequency (%)
1
5
22.7%
2
2
9.1%
3
1
4.5%
4
0
0.0%
5
2
9.1%
6
2
9.1%
7
1
4.5%
8
0
0.0%
9
2
9.1%
10
1
4.5%
11
0
0.0%
12
1
4.5%
13
0
0.0%
14
2
9.1%
15
2
9.1%
16
1
4.5%

Figure 6.2: Occurrence of data modeling elements

From Table 6.2 we can deduce that the researched MDEEs are neither homo- nor heterogeneous, as
there is an almost evenly distribution of frequencies between high and low number of occurrences.
Although five data modeling elements only occur once, the cause lies within only two MDEEs:
Servoy and GorillaIT. In other words, only two of the MDEEs cause the somewhat higher
frequency of the lower occurrences, meaning that the remaining MDEEs are more homogeneous.

6.1.3

AFAS Data Modeling Language

We decided not to include all the modeling elements of AFAS Next in Table 6.1 for the following
two reasons: (I) the AFAS next data modeling language is still in development, so by the time
we publish this thesis the modeling elements will probably have changed already, and (II) most
data model elements are not found in other modeling languages, which would make Table 6.1
rather one (i.e. AFAS) sided. Instead, we will discuss the four most important data elements,
and provide the full (at time of writing) meta-model in Appendix G.
The reason the AFAS Next language is so different, is because it describes the real world rather
than an IT system. Of course the modeling language must be rich enough to deduce the IT
model of a system, but the language can also be used to simply describe analyze the (context
of an) organization. In other words, the executability of the system is not a necessity for the
language to have a purpose. The most important data modeling elements within the AFAS
MDEE are entities, roles, processes and contracts. With these elements, the core business of an
organization can be modeled as: entities play roles in processes to fulfill contracts. Contract is a
completely new data modeling element that describes a phenomena with a beginning, end and
participating parties. With such an element, a lot of system behavior can be derived such as the
(dis)allowance of time and participation overlap.
As the most important data modeling elements and metamodel (Appendix G) suggest, the data
modeling language in AFAS Next does not follow the traditional EAR or ORM approach. The
CIO of AFAS elaborates: “Modeling the real world instead of modeling an IT system holds many
values. It allows domain experts rather than IT oriented people to model software behavior. [...]
From a functionality perspective, much organizational behavior can be derived from the model
that doesn’t need explicit modeling.”. A summary of each data modeling approach per MDEE is
given in Table 6.3
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6 54.5%
3 27.3%
2 18.2%

Figure 6.3: Data modeling approach per MDEE

6.2

Attribute Types

All the available attribute types per MDEE can be found in Table F.4, with definitions provided
in Tabe F.7 (Appendix F).
Noteworthy is that traditional attribute types such as ‘integer’ and ‘string’ are not present in
every MDEE. This can be explained by super- and subtypes. For example, an ‘integer’ can be
captured in a ‘double’, but not vice versa. Therefore one can argue to only implement doubles
and not integers, as this does not prohibit the use of integers. Additionally, within the MDEE of
Thinkwise, modelers already have to make UI decisions. Instead of regularly using ‘enumeration’,
modelers have to choose whether the enumeration has to be shown horizontally or vertically
(‘radio button horizontal’ and ‘radio button vertical’ respectively.)

6.2.1

Functional and Non-Functional Attribute Types

In table F.4 we distinguish between three categories of attribute types (Table 6.4):
• Functional attributes are those attributes where system functionality can be derived
from.
• In between attributes are those attributes where some system functionality can be
derived from.
• Non-functional attributes are those attributes where system functionality cannot be
derived from.
Betty Blocks:

Blueriq:

Genexus:

IBM:

Mendix:

Outsystems:

Servoy:

Thinkwise:

Triggre:
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Figure 6.4: Occurence of functional and non-functional attribute types per MDEE

For example, the ‘zip code’ attribute types offers a lot more functional value than the ‘string’
attribute type. Whereas a string can be many things (including a zip code), a zip code can
only contain four numbers and two letters (and not any other combination). From this logic,
it is relatively easy to create systems rules. For example, a zip code should never be used for
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mathematical calculations, whereas a string could potentially contain a number that is needed
for a subtraction. The ‘in between category’ is given to those attribute types that are more
functional than non-functional attribute types, but less functional than functional attributes
types. For example, a DateTime attribute type contains more functional value than a double,
although a double could theoretically hold a DateTime value. However, an attribute type such
as ‘birth day’ would hold even more functional value, as this tells the system the Datetime is
connected to a person. Subsequently, the system can derive behavior such as that a person can
only have one birthday etc. The classification of each attribute type to one of the categories was
done based on interpretation of the researchers. Additionally, we discussed each classification
with the ex VP product manager from Cordys, and based on his input changes were made
accordingly.
Using this classification, we identified 53 (42,4%) functional, 22 (17,6%) in between and 50
(40%) non-functional attribute types. Surprisingly, functional attribute types (58%) have been
implemented more than non-functional attribute types (24%). Even the MDEEs of 42Windmills,
Servoy, Thinkwise and GorillaIT, which aim to support developers, have implemented more
functional than non-functional attribute types. Although we did not specifically ask the MDEE
experts what the reason could be for this trend, we suspect that developers also favor functional
attribute types for the earlier raised reason of higher expressibility.

6.2.2

Meta Analysis

The frequency of attribute type occurrences can be seen in Table 6.5. Through this table we are
able to analyze the frequency of frequencies. If many data elements occur only once or twice,
this means that the MDEEs are very heterogeneous when it comes to data modeling. On the
other hand, if many data elements are present in many MDEEs, this means that the MDEEs
are very homogeneous.
Occurrence Frequency Frequency (%)
1
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3
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0
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Figure 6.5: Occurrence of attribute types

From Table 6.5 we can conclude that the researched MDEEs are very heterogeneous when it
comes to attribute types. Although some attribute types occur many times such as ‘boolean’ (13
times), ‘date’ (12 times), ‘DateTime’ (15 times), ‘integer’ (11 times) and ‘text’ (10 times), there
are 85 (out of 125) attribute types that only occur once and 25 attribute types that occur twice.
Additionally, the high frequency of boolean, date, DateTime, integer and text is not surprising
given that these are the standard data types in many programming languages.
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The heterogeneity can be explained by a couple of factors. First of all, as the CEO of Servoy
mentioned earlier, different user types require different modeling elements. Developers can
use both non-functional and functional attribute types, whereas laymen probably only favor
non-functional attribute types. Secondly, each company has different customers, which will result
in different product wishes. The CTO of Mendix explains: “In the past we had many customer
wishes and related projects that gave a big expansion to our number of modeling elements. We are
now working to reduce this number by implementing more efficient elements.”. Lastly, there is no
given standard when it comes to attribute types. As can be seen in the theoretical background
(Chapter 3), there are many developed modeling frameworks for each separated concern, but not
for attribute types.

6.3

Processes and Workflows Modeling

All the identified flow modeling elements per MDEE can be found in Table F.11, with definitions
provided in Table F.17 (Appendix F). We identified and present five flow categories based on
the identified elements (Table 6.6):
• Workflows are those “process descriptions that can be executed automatically” that specify
“activities involving coordinated execution of multiple tasks performed by different processing
entities.” (Cichocki et al., 2012).
• Process flows are “descriptions and orderings of work activities across time and space
that are designed to yield specific products or services while ensuring the organization’s
overall objectives. They provide a conceptual basis for the integration and coordination
of distributed resources, tasks, and individuals.” (Cichocki et al., 2012). The standard
provided by the OMG (2011a) is BPMN.
• Case flows are more dynamic than processes, in the sense that a state can jump to
multiple other states. Case flows are defined as “proceedings that involve actions taken
regarding a subject in a particular situation to achieve a desired outcome” (OMG, 2014a).
The standard provided by the OMG (2014a) is Case Management Modeling Notation
(CMMN).
• UI flows describe the sequence of screens and screen actions a user is confronted with for
(specific) tasks.
• DEMO modeling describes the construction and process model as explained in Section 3.2.5.1.
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Figure 6.6: Flow type per MDEE

As can be seen in Table 6.6, there is no flow modeling within the MDEEs of Usoft and Servoy,
and of the 14 remaining MDEEs, 9 (64.3%) implemented workflows, 3 (28.6%) implemented
process flows, 2 (14.3%) implemented case flows, 1 (7.1%) implemented state/machine flows,
2 (14.3%) implemented UI flows and 1 (7.2%) implemented the DEMO modeling languages.
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Moreover, the MDEEs of Blueriq, Cordys, IBM and Outsystems have implemented more than
one flow modeling language. Within the MDEEs of Blueriq and IBM, the case flows and process
flows respectively are at a higher abstraction level than workflows. For each activity (except
manual activities), a separate workflow has to be defined that specifies the technical (low level)
execution of the system. In the case of the MDEE of Cordys, (a set of) screens are designed and
linked to each activity that guide the user in completing the specific activity.

6.3.1

Workflows

All the MDEEs with workflow modeling contain different workflow modeling elements. For
example, the MDEEs of 42Windmills and Betty Blocks allow the specific modeling of triggers (e.g.
‘record is created’), whereas the remaining MDEEs start workflows by pressing on a clickable UI
element or triggering a business rule (Section 6.4).
Notably, the MDEEs of 42Windmills, IBM and Mendix have all implemented connections to a
programming language. In the case of Mendix and IBM, a (manually written) Java class can be
called to perform custom workflow functionality. Within the MDEE of 42Windmills, custom
functionality can be programmed in C#, which subsequently becomes a modeling element in
the modeling environment. The concept of programming in a MDEE was already discussed and
analyzed in Chapter 5, and will thus not be further discussed here. The other MDEEs that
have implemented workflow modeling (Betty Blocks, Blueriq, Triggre and Outsystems), have
not implemented integrations with programming languages, but instead allow the use of service
integrations (e.g. SOAP or REST). The CEO of Betty Blocks explains: “We do not allow users
to program within Betty Blocks. However, if they need functionality that requires a complicated
algorithm, we advise them to program such functionality manually and make it available as a
web service.”.

6.3.2

Process Flows

Four of the five MDEEs in which process modeling is possible (Cordys, Genexus and IBM),
have BPMN as a modeling language. An ex software solution architect from IBM states: “All
business analysts know the PBMN language, so it makes little sense to develop a costly modeling
language from scratch that nobody knows.”. However, as can be seen in Table F.11, neither
of those MDEEs have implemented the full BPMN modeling language. The ex VP product
manager of Cordys tell: “Implementing the full BPMN language is a time consuming task.
Adding a single modeling element requires integration with all other implemented elements, which
needs a lot of error raising and catching, etcetera. Moreover, because we also implemented case
management, some parts of the BPMN language would simply hold duplicate functionality.”.
Within the Outsystems MDEE, a very simple process modeling language has been implemented.
This modeling language contains a very small subset of BPMN (e.g. no swimming lanes), and is
purely designed to deal with sequential task distribution. A pre sales architect from Outsystems
explains “The full BPMN language is quite extensive and complicated. With our subset you have
the majority of the most important functionality, but it still has a low usage threshold.”.
As mentioned earlier, processes on its own state nothing on how the system should work with
database changes. Additionally, as explained in Chapter 5, the philosophy behind the MDEEs
of IBM and Cordys is to place the system on top of legacy software. The system makes use of
(data) services from the legacy software (through connectors), while providing a single point
of operation. The MDEEs of Genexus and Cordys only require the modeling of UI screens
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per activity. Within such a screen, data fields are modeled that require data operations for
the specific task. The low level system behavior (add, delete of modify) for these data fields
is automatically handled by the system. Additionally, the MDEE of IBM allows the modeling
of workflows per process task, which allows more freedom and flexibility in low level system
behavior compared to just using services from legacy systems.
Lastly, we want to state that projects are running for the MDEEs of Usoft and Thinkwise to
implement BPMN as a modeling language. Within the MDEE of Usoft it is currently possible
to create BPMN models, however these are not yet executable.

6.3.3

Case Flow

The MDEEs of Cordys, Blueriq and GorillaIT have implemented a modeling language for case
management. The case management modeling notation of the Cordys MDEE is compliant to
the CMMN standard of the OMG, whereas the case management modeling language of the
Blueriq MDEE is not. The ex VP product manager from Cordys tells: “The BPMN language
is not built for state/machine like process behavior. Because there was no modeling standard
for case management, we created our own. [...] We submitted our case management modeling
language to the OMG, which was the starting point for the now adopted standard of CMMN.”.
Similarly, a product owner from Blueriq explains: “BPMN is not flexible enough to model very
dynamic process behavior. If you want to interconnect many tasks to many other tasks, the model
would get really crowded with arrows and gateways.”, he continues:“When the Blueriq product
was started, there was no case management standard. [...] When the OMG released the CMMN
standard, we naturally had a look at it. There were some valuable lessons, but overall we felt
that our solution is better. And it would also have required a major refactoring to change our
entire modeling structure.”.
Case modeling within the MDEE of GorillaIT is a lot less profound compared to the MDEE
of Blueriq and Cordys. Within the GorillaIT MDEE, there are only departments and roles as
states, and state transfers are either automatic (computer tasks) or manual (manual tasks). The
CEO of GorillaIT explains: “At the moment our process modeling is quite simple. Our product
is far from mature, and we are still looking for a more sophisticated [modeling] language that has
the same philosophy as ORM has for data modeling.”.

6.3.4

UI Flow

The Thinkwise MDEE is the only MDEE that we researched in which a UI flow is modeled
rather than workflows or process/case flows. Although it is also possible to model the general
sequence of screens within the MDEEs of Outsystems and WEM.io, within the Thinkwise MDEE
there are much more possibilities. The sequence and actions of UIs are modeled for specific
tasks, rather than just the UI structure. Additionally, the UI flow allows the modeling of tasks
(e.g. highlight cell), exceptions and limitations in the UI structure. For example, it is possible
to model a UI flow for when a task is successful vs. when a task is not successful, and specific
parts of the UI can be (de)activated for specific tasks. The CTO of Thinkwise clarifies: “The
modeling of GUI sequences is self-evident in software factories. [...] It is not required to model
GUI actions and sequences, the screens are always available.”. On the question why they did
not create a process or workflow solution he replied: “We are currently working on integrating a
BPMN solution, but this is still in progress.”
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DEMO

Within the ForMetis MDEE, two of the four DEMO modeling languages have been implemented
(i.e. transactional and process modeling). Although the transactional and process modeling
approaches from DEMO share characteristics with our case and process modeling categories
respectively, we created a separate category due to a difference in philosophy. The entire DEMO
approach is reality rather than information system driven (i.e. functional vs. IT perspective).
As mentioned earlier, within ForMetis they explicitly chose to follow scientifically founded
theories only. To the knowledge of the CEO of ForMetis, the DEMO theory is currently the
state of the art when it comes to reality driven modeling languages that describe organizations.
However, the CEO also recognizes: “If tomorrow a better founded theory emerges, we would lick
our wounds and start to adapt that theory immediately.”. Moreover, the ultimate goal within
ForMetis is to integrate all four the modeling languages in the ForMetis engine. A business
developer from ForMetis clarifies: “We just finished implementing the process models in our
engine. Our ultimate goal is to create a fully executable DEMO engine, this means that we still
need to implement the state and action model.”.

6.3.6

Meta Analysis

The frequency of occurrences can be seen in Table 6.7. Through this table we are able to analyze
the frequency of frequencies. If many flow elements occur only once or twice, this means that
the MDEEs are very heterogeneous when it comes to flow modeling. On the other hand, if many
flow elements are present in many MDEEs, this means that the MDEEs are very homogeneous.
Occurrence
1
2
3
4
5
6
7
8

Frequency
237
27
19
10
6
5
2
2

Frequency (%)
76,95%
8,77%
6,17%
3,25%
1,95%
1,62%
0,65%
0,65%

Figure 6.7: Occurrence of flow elements

From Table 6.7 we can conclude that the researched MDEEs are very heterogeneous when it
comes to flow elements. Although some flow elements occur many times such as ‘loop’ and
‘subflow’, there are 237 (out of 308) flow elements that only occur once, and 27, 19 and ten
elements that occur respectively two, three and four times.
This extreme heterogeneity does not come as a surprise, because the MDEEs already differ
in flow categories (i.e. work-, process, case, UI and DEMO flows). Because each of the five
categories already have different elements per definition, the highest possible occurrence can only
match the highest occurrence number of process types (Table 6.6), in this case nine. Additionally,
as can be deducted from Table F.11, the identified elements are even different within the same
category, with the exception of BPMN in process flows. The difference in flow categories can be
explained by a difference in philosophy and business model. For example, the Blueriq MDEE
evolved from business engine, whereas the WEM.io MDEE evolved from a Decision Support
System (DSS). Additionally, the same arguments given for the differences in data types also
apply here: each MDEE has different users, customers and projects. For example, the CTO of
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42Windmills mentioned: “BPMN is too difficult for our users, so we had to create a workflow
language that non technical persons could learn in a relatively short period of time.”.

6.4

Business Rules Modeling

We divided the business rule modeling into two parts: business rule elements and expressions.
Within this paragraph we will present and analyze the business rule constructs and elements.
The expression elements that form calculation or validation expressions will be presented in
Section 6.5.
All the identified business rule modeling constructs and elements can be found in Table 6.8, with
definitions provided in Table F.30 (Appendix F).

6.4.1

Business Rule Elements

As can be seen in Table 6.8, all MDEEs allow either business rule modeling or programming
on data and flow level (except from the Formetis MDEE). The CTO from Mendix states: “It
is typical to only apply business rules on the data and process level in model driven tools. If
you want full business rule control, you should buy a full fledged business rule engine, and
not a product such as Mendix.”. The MDEEs of Cordys, IBM and Genexus do offer more
business rule functionality such as the explicit modeling of ‘rule triggers’ and ‘rule actions’.
Similar functionality is also available in other MDEEs, but on the flow level rather than business
rule level (see Section 6.3). Within the MDEE of Triggre, attribute validation only allows to
indicate the maximum number of characters/numbers of an attribute (e.g. 4 numbers and 2
letters in the case of zip code). Within the MDEEs of Genexus, Usoft, Servoy and Thinkwise,
‘validation expressions’, ‘calculations’ and ‘true/false gateways’ are created through a (close to)
programming language rather than modeling. We chose to specifically indicate which MDEEs
require programming rather than modeling when it comes to data and flow rules, because we
did not want to give the impression that calculation, validation and true/false functionality is
not createable in the those MDEEs. However, for the remaining business rule elements we will
not further indicate whether it is programmable, because virtually any functionality can be
programmed.
Within the MDEE of Blueriq, it is possible to model business rules in the format of a decision
table or decision tree. The former modeling format is also available in the MDEEs of IBM
and Cordys. Although semantically the same as a set of if/then statements, the visual nature
of a decision table or tree eases the modeling task. A product owner from Blueriq explains:
“Within a decision table, our users can instantly see the relationship between specific conditions
and their actions. The same functionality can be achieved through if/then statements, which
we also support in our expression editor. It is up to the user to select his or her preference.”.
Lastly, the MDEEs of Betty Blocks, Genexus, Cordys and IBM allow their users to group rules
together, such that their functionality can be triggered simultaneously. The ex VP product
manager from Cordys states: “Grouping rules makes it possible to call a set of business rules in
a single statement rather than calling every rule individually ever time.”
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Figure 6.8: Business rules elements per MDEE

6.4.2

The Usoft MDEE

Within the Usoft MDEE, business rules can be modeled using close-to natural language, using
SBVR. However, these rules are not executable. As explained in Section 5.1, the modeled
business rules still require manually written SQL statements for executability. The Usoft MDEE
does support the maintenance and creation of business rules through analytics and presenting
interdependencies. The product manager from Usoft explains: “Modeled business rules are not
executable within Usoft. We had students that researched the possibilities of executable business
rules using SBVR, but cost wise this is simply not feasible for a small player as Usoft.”.
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Meta Analysis

The frequency of occurrences can be seen in Table 6.9. Through this table we are able to analyze
the frequency of frequencies. If many business rule elements occur only once or twice, this means
that the MDEEs are very heterogeneous when it comes to business rule modeling. On the other
hand, if many business rule elements are present in many MDEEs, this means that the MDEEs
are very homogeneous.
Occurrence
1
2
3
4
5
6
7
8
9

Frequency
16
6
6
1
1
0
0
1
1

Frequency (%)
50,00%
18,75%
18,75%
3,13%
3,13%
0,00%
0,00%
3,13%
3,13%

Figure 6.9: Occurrence of business rule elements

From Table 6.9 we can conclude that the researched MDEEs are heterogeneous when it comes
to business rules. However, this can be largely explained by the more extensive business rule
possibilities within the MDEEs of Blueriq, Genexus and Cordys. If those three MDEEs would
be left out of the equation, the frequency of occurrence one and two would almost be zero. As
mentioned earlier, the MDEEs are homogeneous when it comes to data and flow rules.

6.5

Expressions

All the identified expression elements per MDEE can be found in Table F.31, with definitions
provided in Table F.40 (Appendix F). Within the MDEEs of 42Windmills, Servoy, Thinkwise and
GorillaIT, developers need to write the business rules using a programming language. The lead
developer of 42Windmills argues: “An expression language such as the one in Excel is relatively
close to writing expressions in a programming language. Why would you specifically design an
expression language, when programmers already know how to work with a programming language
anyway? ”. As such, all the available expression elements within those MDEE correspond to all
the different programming libraries that are used.

6.5.1

Expression elements

As can be seen in Table F.40 (Appendix F), we identified 460 unique expression elements. With
such a high number of different elements, we will not be able to fully discuss all outstanding phenomena. Instead, we will highlight all interesting manners. Almost all MDEEs that implemented
expression modeling support the use of:
•
•
•
•
•

Basic mathematical operators such as ‘+’, ‘-’, ‘*’, ‘/’, ‘<’, ‘>’ etc.
Conversions such as integer to text and vice versa.
Time elements such as ‘hour’, ‘minute’ and ‘seconds’.
‘If/then’ statements including the use of ‘and’ and ‘or’.
Create substrings from a single string.
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• Calculate the character length of a string.
• Turn a string into upper or lowercase.
• Perform statistical analysis over a set of values such as minimum, maximum, average and
sum.
Another interesting observation is the use of natural language vs ‘regular’ expression elements.
The IBM MDEE is the only MDEE that we analyzed that makes use of natural language
expression elements. For example, instead of using operators such as ‘<’, ‘>’ and ‘=’, a modeler
can use sentences such as ‘there are less than’, ‘there are at least’, ‘all of the following conditions
are true’ etc. As with the attribute types, we see this as a more functional approach of expression
modeling, because a modeler can stick to a language he/she already understands rather than
learning a new expression language. However, an ex software solution architect from IBM states:
“In theory it is nice that a user can use natural language to specify business rules. However, in
practice a person still has to precisely follow a sequence of words, with little room for flexibility.
For example, ‘there are at least’ cannot be replaced by ‘there is a minimum of ’.”.

6.5.2

Meta Analysis

The frequency of occurrences can be seen in Table 6.10. Through this table we can analyze the
frequency of expression elements. If many expression elements occur only once or twice, this
means that the MDEEs are very heterogeneous when it comes to expressions. On the other
hand, if many expression elements are present in many MDEEs, this means that the MDEEs are
very homogeneous.
Occurrence
1
2
3
4
5
6
7
8
9

Frequency
339
41
24
18
7
13
6
5
7

Frequency (%)
73,70%
8,91%
5,22%
3,91%
1,52%
2,83%
1,30%
1,09%
1,52%

Figure 6.10: Occurrence of expressions

As can be seen in Table 6.10, the MDEEs are extremely heterogeneous when it comes to
expressions. Although some expression elements (itemized above) occur in practically every
MDEE, 339 expression elements are present in only one MDEE. We must admit that we do
not know why there is such a huge heterogeneity. The MDEEs that cause the huge number
of one occurrence are Blueriq, Genexus and Outsystems. For the Genexus MDEE, the high
\
number of expression elements can be explained by their DSL, which is closer to a programming
language than an expression language. As such, the expressibility and number of elements will
be higher than a regular expression language. For the Blueriq MDEE, the high number of
expression elements could be explained by the fact that it evolved from a business rule engine.
However, we have to admit that this is pure speculation and do not have an factual explanation
why specifically these MDEEs have such a high number of expression elements. As with data
types and flow elements, other reasons that we can provide are the differences in customers and
projects.
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User Interface Modeling

All the UI modeling constructs and elements can be found in Table F.53, with definitions provided
in Table F.58 (Appendix F). We will not provide a subset of the Table F.31, since many different
elements are of equal importance. Within the AFAS Next MDEE, UI modeling is not required.
Due to the functional data modeling, the UI can be predetermined and generated based on the
piece of functionality.
From Table F.58, we identified three categories of UI Modeling (Table 6.11):
• Tool set gives modelers access to a what-you-see-is-what-you-get editor, in which access
is provided to different UI components. Within such an editor, the user is free to edit the
height and width of those elements.
• Form & view: allows modelers to create two kind of pages: (I) forms in which data can
be entered/edited and (II) views in which data can be viewed. Within those pages it is
only possible to specifically model attributes that will be visible for viewing or alteration.
The size and positioning of those fields cannot be altered (except for sequence).
• Predefined components: allows users to model UI predefined components, without the
possibility to alter the location, width and height of those UI components.

1 1
1 1

1 1

1 1

1 1 1

1

1
1

Total (%):

Tool set
Form & View
Components

Total:
Formetis:
GorillaIT:
WEM.io:
Usoft:
Cordys:
Thinkwise:
Servoy:
Outsystems:
AFAS:
Mendix:
IBM:
Triggre:
Genexus:
Blueriq:
Betty Blocks:
42Windmills:

UI category

9 64,29%
4 28,57%
1 7,14%

Figure 6.11: UI categories per MDEE

6.6.1

Tool Set

As can be seen in Table 6.11, 64.29% of the researched MDEEs falls within the ‘tool set’ category.
From Table F.53, we can deduce that the UI elements that are commonly present in MDEEs
within the tool set category are related to buttons, attribute fields and attribute labels. However,
there are MDEEs that offer more options, such as Google Gadgets and Facebook integration.
Although most MDEEs within this category offer predefined UI elements, the Servoy MDEE
allows developer to freely add new UI elements through JSON and Javascript. The CEO of Servoy
explains: “Servoy provides its users with the functionality to easily add new UI components. A
developer simply has to add the JSON and Javascript files of that UI component, which are often
already downloadable on the web. We do not and cannot dictate what UI components developers
want to use, everybody has his or her own preferences.”. Another MDEE that differs slightly
from the traditional tool set category is the Blueriq MDEE. Within the Blueriq MDEE, some
UI elements are only available to create (business intelligence) dashboards, and cannot be used
in regular pages.

6.6.2

Form & View

As can be seen in Table 6.11, 28.57% of the researched MDEEs falls within the ‘Form & View’
category. MDEEs within this category offer their users less freedom compared to the ‘tool set’
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category. Modelers are generally only able to define which attributes of an entity can be viewed
or altered on a single page. Although such solutions provide less freedom and flexibility, it also
holds advantages. The CTO from Triggre mentions: “We want our users to be able to create
web applications as simple and efficient as possible. Designing a complete user interface would
be too time consuming.”. The CEO from Betty Blocks adds: “Web design is an expertise on its
own. By not providing our users with extensive UI settings, we also prevent them from making
big UX mistakes. It is our task at Betty Blocks to make the user interface that simple and good
that it works for every Betty Blocks application.”.

6.6.3

Predefined components

The Thinkwise MDEE is the only researched MDEE in which modelers can choose from a
predefined components without being able to determine the size and location. Such a UI solution
is necessary for the Thinkwise MDEE due to the UI flow. Within the UI flow, specific parts
and elements of the UI need to be controlled and presented to the user. Therefore it is easier if
those elements have predefined positions, sizes and options. The CTO from Thinkwise clarifies:
“The combination of user interface flows and elements is a straightforward choice for software
factories. If needed, we can easily add or edit new user interface patterns.”.

6.6.4

Meta Analysis

The frequency of occurrences can be seen in Table 6.12. Through this table we are ablte
to analyze the frequency of frequencies. If many UI elements occur only once or twice, this
means that the MDEEs are very heterogeneous when it comes to UI modeling. On the other
hand, if many UI elements are present in many MDEEs, this means that the MDEEs are very
homogeneous.
Occurrence
1
2
3
4
5
6
7
8
9

Frequency
149
15
17
8
8
10
3
1
3

Frequency (%)
69,63%
7,01%
7,94%
3,74%
3,74%
4,67%
1,40%
0,47%
1,40%

Figure 6.12: Occurrence of UI elements

As can be seen in Table 6.12, the MDEEs are heterogeneous when it comes to UI elements. Out
of the 214 identified UI elements, 149 only occur in one MDEE. On the other hand, there are
some UI elements that occur in many MDEEs such as ‘tip tool’, ‘tab panel’ and ‘page’. As with
flow modeling, the heterogeneity can be partially explained by the difference in categories. The
Form & View and predefined components categories only contain a small number of UI elements.
As such, the occurrence of the remaining UI elements will automatically be lower. Additionally,
different types of MDEEs require different types of UI elements. The Cordys and IBM MDEE
are meant as BPM suites on top of legacy software. This requires different UI aspects (e.g.
goals gauges) than for example the Mendix MDEE, which aims to be a generic model driven
application development platform. Lastly, some MDEEs (e.g. Blueriq and Cordys) offer UI
elements specifically for the development of dashboards. Such focus is not present within every
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MDEE, which causes more diversification. The lead developer from WEM.io tells: “Business
intelligence and analytics has only been hot for a relative short period of time. We haven’t had
enough time yet to implement BI features in our tool, but we are certainly working on it.”.

6.7

Validation

Although the results visualized in Tables F.2 to F.53 and are based on direct input from the
MDEE experts and product wikis, we wanted to validate our results to ensure a valid and high
quality analysis. The entire validation protocol can be seen in Appendix B. Except for the
MDEE experts of WEM.io, GorillaIT, ForMetis and Betty Blocks, the validation interview took
place via email, Skype or another face-to-face meeting. Because the MDEEs from WEM.io,
GorillaIT, ForMetis and Betty Blocks were added last to our comparison, we felt comfortable
with validating their results during the initial interview. As such, we took some time between
the interview and validation questions to expand our tables and create a visualization of the
transformation process.
We presented Tables F.2 to F.53, as well as our identified categories to the MDEE experts, with
the question whether they could identify any mistakes, or disagreed on something. As expected,
the MDEE experts only found a few errors in our tables. This came as no surprise, because
most of the information is directly copied from the product wikis. The identified mistakes were
most probably caused by arbitrary human error, which resulted in placing a ‘1’ in the wrong
column or row. Because there were so little mistakes and to preserve space, we will not present
the original tables (from before validation) in Appendix B. Additionally, the MDEE experts
did not disagree with our categorization, but the MDEE experts from Betty Blocks, WEM.io
and GorillaIT raided concern regarding the fact that MDEEs in the same category contained
many different modeling elements. We respect the concern of these MDEE expert, but do not
see the extreme heterogeneity as a direct concern for our identified types/categories. With a
categorization one always abstracts from original content, this is no different in our case.

6.8

Summary

A summary of the data, flows, business rules, expressions and UI elements per MDEE can be
seen in Table 6.13.
Product
Data
42Windmills ERD
AFAS
Computational
ontology
Betty Blocks ERD
Blueriq
ERD

Workflow
Workflow
TBA

Business rules
Programmed
TBA

Workflow
Workflow + CM

Cordys

ERD

Genexus

ERD

IBM

ERD

Data validation & calculation, true/false rules in processes
Data validation & calculation, true/false & decision table & decision tree rules
in processes
BPMN + CMMN
Specific data rule triggers, data validation & calculation, true/false rules &
decision table in processes
BPMN
Specific data rule triggers, data validation & calculation, true/false rules in
processes
Workflow + BPMN Data validation & calculation, true/false & decision table rules in processes

Mendix
Outsystems
Servoy
Thinkwise
Triggre
Usoft
WEM.io
GorillaIT
Formetis

ERD
ERD
Self made
ERD
Self made
ERD
ERD
ORM
-

Workflow
Process + workflow
Programmed
UI flow
Workflow
Workflow
State/Machine
DEMO

Data validation & calculation, true/false rules in processes
Data validation & calculation, true/false rules in processes
Programmed
Programmed
Data validation & calculation, true/false rules in processes
SBVR + SQL
Data validation & calculation, true/false rules in processes
Programmed
-

Expressions
Programmed
TBA

UI
Form & view
Generated

Expression editor
Expression editor

Form & view
Toolset

Expression editor

Toolset

Gx

Toolset

Natural Language

Toolset

Expression editor
Expression editor
Programmed
Programmed
Expression editor
Expression editor
Expression editor
Programmed
-

Toolset
Toolset
Toolset
Predefined components
Form & view
Toolset
Toolset
Form & view
Programmed

Figure 6.13: Summary of all the separation of concerns per MDEE

Chapter 7

Categorization of MDEEs
Al though we already presented categories in Chapter 5 for transformation technology, and in
Chapter 6 for modeling elements, these categorizations are not systematic. In this chapter we
will present and discuss three categorizations, where the final categorization was pivoted from
the from two categorizations. Within this categorization a revised version of the MDA concept
is required.

7.1

Transformation Technology Categories

In Chapter 5 we identified and presented different transformation technology options. Every
combination of these options as presented in Figure 5.12 is a different category. However, such
a categorization is not systematic, and would create more categories with each option that is
added in the future. One thing that really struck us is the lack of implemented standards in
the MDEEs. As can be presented in Section 3.1, many standardized model transformation
technologies exist such as MDA, MOF, QVT, CWM, XMI and UML. However, these standards
are barely implemented in the researched MDEEs (Figure 7.1). The lack of implemented
transformation technologies comes as no surprise, as they are specifically focused on UML models.
From Chapter 6 we can conclude that UML is not used in a single MDEE.
Thinkwise

Cordys

Usoft

WEM.io

GorillaIT

x
No
Yes

x
No
yes

x
No
No

x
8 50%
x
x
12 75%
No GSDP 2 13%
No No
3 19%

Total (%):

Servoy

x
x
No
No

Total:

Outsystems

x
No
No

Formetis

AFAS

x
No
No

Mendix

x
x x - x
x
x
- - x No MDA No No No No
No No No Yes No No

IBM

x
No
No

Triggre

Blueriq

x
x
No
No

GeneXus

Betty Blocks

Generation
Interpretation
Follow MDA/GSDP philosophy?
Follow transformation standards?

42Windmills

Transformation difference

Legend:
x = transformation aspect is present in MDEE, but no standards is used
- = transformation aspect is not present in MDEE

Table 7.1: Model transformation standards per MDEE

The ForMetis and Genexus are the only MDEEs that follow the philosophy of GSDP-MDE
and MDA respectively. Within the remaining MDEEs, the software model is interpreted as
72
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a whole or simply split in subsets without specific transformations to PSMs. We could not
identify a clear reason why the MDA philosophy is barely implemented, as most MDEE experts
replied that the MDA principles did not match with their philosophy and evolution of MDE. For
example, a product owner from Blueriq states: “It is not that we purposefully don’t follow the
MDA standards, we just have some different views that don’t match.” and the CEO of Betty
Blocks adds: “As I understand MDA, it requires the generation of code from platform specific
models. Within Betty Blocks we don’t generate any code, so following the MDA standard in our
case is not really possible.”. Due to this lack of implemented standards, we came with the idea
to categorize MDEEs based on the degree of implemented transformation technology standards
on one axis, and generation against interpretation on the other axis. We purposefully chose the
interpretation and generation design decision, because in our view this is the most prominent
decision in transformation philosophy (Figure 7.1).

7.2

Modeling Elements Categories

In Chapter 6 we identified and presented different modeling categories per separated concern.
Every combination of these options as presented in Table 6.13 is a different category. As with
the transformation technology, such a categorization is not systematic, and would create more
categories with each option that is added in the future. Similarly as with the transformation
technology standards, already documented modeling languages (as presented in Section 3.2) are
barely used within the researched MDEEs (Figure 7.2).
MDEE
42Windmills
AFAS
Betty Blocks
Blueriq
Cordys
Genexus
IBM
Mendix
Outsystems
Servoy
Thinkwise
Triggre
Usoft
WEM.io
GorillaIT
Formetis

Data
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
-

Workflow
x
x
x
x
x
x
x
x
x
x
-

Processes
x
x
BPMN
BPMN
BPMN
x
DEMO

Case Management
x
CMMN
x
DEMO

Business Rules
x
x
x
x
x
x
x
x
x
SBVR
x
-

UI
x
x
x
x
x
x
x
x
x
x
x
x
x
x
-

Legend:
x = modeling aspect is present in MDEE, but no standards is used
- = modeling aspect is not present in MDEE

Table 7.2: Modeling language standards per MDEE

As such, we came with the idea to categorize MDEEs based on the degree of implemented
modeling standards on one axis, and functional against IT artifact modeling on the other axis
(in our view the most prominent design decision within modeling languages). Together with the
categorization presented in Table 7.1, these two categorizations would contain both the modeling
and transformation technology perspective. However, the problem with such a categorizations is
that many aspects are left untouched such as the possibility to programming, model conversion
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to XML, support for multiple stacks, the production of native applications and the specific choice
for specific modeling languages. Moreover, the categorization leaves little room for MDEEs that
implemented both generators and interpreters. Lastly, in both categorizations, the two axes are
stand alone facts, that do not necessarily influence each other. As such, we felt the necessity to
pivot these ways of categorization.

Figure 7.1: Categorization based on implemented standards and generation/interpretation

7.3

Figure 7.2: Categorization based on implemented standards and functional/IT modeling

Standard and Self-Made Quadrants

Because both views of transformation and modeling language are important within an MDEE,
we decided to combine the two categorizations described above, into a single categorization that
has the degree of modeling standards on one axis, and the degree of transformation technology
standards on the other axis (Figure 7.3). To illustrate the difference between MDEEs with
a generator and interpreter, we use a black font and underlining respectively. MDEEs with
both a generator and interpreter are underlined and written with a black font (e.g.GeneXus).
Additionally, to illustrate the difference between MDEEs with functional and IT artifact modeling
languages, we use a white and black dot respectively. Within this categorization we do not
see standards as officially proposed standards by organizations such as the OMG, but as well
documented technologies such as presented in Appendix J (i.e. model transformation techniques
and modeling languages).
As can be seen in Figure 7.3, all but four MDEEs are not in a self made quadrant. The MDEEs
of Cordys, IBM and Genexus are in the ’standard’ modeling language quadrant, due to their
use of the BPMN standard. Additionally, the Cordys MDEE also uses the CMMN standard,
hence it is seen as more standardized than IBM. The Usoft MDEE uses the SBVR standard,
but does not contain modeling languages for flows (i.e. it can also not apply any standards
regarding flows). The remaining MDEEs did not implement standards for flow, business rules
and UI modeling. All MDEEs except for the AFAS and ForMetis MDEE have implemented
either the EAR or ORM data modeling approach, but do not follow a specific language such as
Chen’s EAR language from Chen (1976). When it comes to the transformation technologies
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standardization, the Genexus MDEE follows the MDA philosophy by having a PSM for each
technical stack and the Thinkwise MDEE is a software factory, a MDEE type that is heavily
documented by Greenfield et al. (2004) and Greenfield and Short (2003). Within the ForMetis
MDEE, the GSDP-MDE philosophy from (van Kervel et al., 2012) is followed and the DEMO
modeling language from Dietz and Hoogervorst (2007) is used. Lastly, although the Cordys,
Usoft and IBM MDEE do not follow the MDA philosophy, they do make use of the standardized
BPEL and XSD XML representation.

Figure 7.3: Categorization based on implemented standards and functional/IT modeling

Our goal with the categorization presented in Figure 7.3 is not to define a precise way of
categorizing MDEEs. Instead, our vision is twofold:
1. First of all, we want to illustrate the lack of implemented standards in MDEEs. This
observation holds valuable lessons for both organizations that introduce software standards
such as the OMG1 , as well as MDEE producing organizations. For the OMG this should
1

www.OMG.org
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be a lesson that their standards are not adopted by the community, and therefore need
alteration (see Section 7.4). The lesson for MDEE producing organizations is that they are
constantly reinventing the wheel. As shown in the previous two chapters, many MDEEs
have implemented the same constructs. Even within the modeling language, which are very
heterogeneous, there is always a core of modeling elements that are present in (almost) all
MDEEs. For example, nine out of the 16 MDEEs have implemented a somewhat similar,
yet different workflow language. If such a workflow language would have been published
and copied, MDEE producing organizations could have saved a lot of time, as well as
increase the interoperability of models between different MDEEs.
2. Related to the first point, is the opportunity for the MDE community to increase the quality
of MDEEs and MDE technologies. This thesis can be the starting point for a collective
documentation of all the technologies and modeling languages used in MDEEs. Whenever a
MDEE producing organization wants to develop a new MDEE, the collective documentation
can be checked for existing transformation technologies and modeling languages. If the
required solution is not present, a new transformation technology or modeling language
can be developed within the MDEE producing organization, and subsequently documented
within the collective documentation. Through this strategy, new MDE solutions only have
to be developed once, and MDEE producing companies can collectively raise the quality of
MDEEs. By keeping the categorization in Table 7.3 up to date, the evolution of MDEEs
and MDE standards can be closely monitored.

7.4

Revised MDA

On the philosophy of how models can be integrated in the SDLC, two views can be identified in
literature: Model Driven Architecture (MDA) (OMG, 2014c) and the Generic System Development Process (GSDP) (Dietz and Hoogervorst, 2007). As mentioned in Section 3.2.5, MDA is
the OMG’s standard for Model Driven Engineering (MDE) (OMG, 2014c), in which software is
modeled in a Platform Independent Model (PIM) and subsequently transformed via Platform
Specific Models (PSMs) to executable code (Figure 3.19). The GSDP-MDE from van Kervel
et al. (2012) has a native engine which interprets models that describe real world phenomena
(Figure 3.28). Both the MDA and GSDP-MDE framework represent opposite extremes of the
same MDE spectrum. First of all the philosophies are completely different. Within MDA,
model-to-model transformations are required to guarantee a domain model that is independent
of the technical implementations. On the other hand, within GSDP-MDE there is a one-on-one
representation between the real world and the model. To keep the one-on-one representation
between the real world and the model authentic, model transformations are not allowed. Related
to the first point are the relevant end artifacts. The end artifact of MDA is executable code,
which implies the use of code generator, whereas the GSDP-MDE framework requires a model
engine, which directly interprets the model specifications to byte code. Lastly, the principle of
the GSDP-MDE framework is to describe real world phenomena (i.e. enterprises) in a model,
which requires modeling languages that are able to capture real world phenomena. On the hand,
the MDA principle sees the domain model as a description of the system, and therefore requires
modeling languages that allow the modeling of IT artifacts. This complies to the modeling
language separation described by Fonseca and Martin (2007), whom make a distinction between
computational ontologies and conceptual schema’s.
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The Revised MDA Model

We present the revised MDA in Figure 7.3, which is a combination of MDA and the GSDP-MDE.
On the left side of the model the (revised) MDA principle is shown, and the right side shows what
kind of models are needed. Additionally, places where standards can be applied are illustrated
through the grey arrows. Within the MDA principle (vertical grey arrow), transformation
technology standards can be used such as XMI (OMG, 2015c), CWM (OMG, 2003a) and QVT
(OMG, 2011b), and within the models themselves (horizontal grey arrows) model standards can
be applied such as DEMO for computational ontology (Dietz and Hoogervorst, 2007), BPMN
as part of the PIM (OMG, 2011a), and BPEL (OMG, 2014a) as PSM. We see these arrows as
opportunities for the MDE community to come up with new standards that fit the needs of
MDEE producing organizations.
The computational ontology stands for a domain model that describes the real world, e.g. DEMO
from Dietz (2006). On its own, the computational ontology has nothing to do with MDE, as it
merely describes the real world. If the transformation process would be gone, the language would
still have value to describe organizations (van Kervel et al., 2012). We added the computational
ontology with a dashed arrow to illustrate that this is optional. Within most of our researched
MDEEs, IT artifacts are modeled rather than the real world phenomena. These MDEEs do not
contain a computational ontology. On the other hand, MDEEs that make use of computational
ontologies still benefit from a technical platform independent model of the system. Although the
domain model can theoretically directly be transformed to PSMs, having an explicit separation
(i.e. PIM) between technical implementations and the domain model, has multiple advantages.
The LAM is simply a technical representation of the system that translates the domain model to
system behavior. This implies that more than one LAM can comply to a single computational
ontology. If MDEE producing organizations favor multiple technical implementations of the
system (e.g. one optimized for performance and one for consistency), a middle layer such a PIM
is required. Additionally, if a new PSM is required (e.g. specifically for the mobile platform),
the PIM already holds all the necessary technical details. Similarly, if a technology change is
required for all the PSMs, this can be realized through the PIM rather than all the individual
mappings between domain model and PSMs. In other words, if a technology change is required,
this can be realized in the PIM. Lastly, we illustrate that the transformation step to code can
also be to byte code, so as to include MDEEs with an interpreter. If programming code is
generated (e.g. Java or C#), standards can be applied in the format of software patterns (e.g.
from Gamma et al. (1994) and Fowler (2003)).
Other attempts to extend the MDA standard have been documented as well, but never with the
aim of adding computational ontologies. Wu et al. (2007) has extended the MDA framework
specifically for UIs. Within this extension “the PIM is created first based on the use case, activity
diagram and robustness diagram. The PIM is then transformed into a PSM based on three target
platforms: Web-based user interface, Java, and relational database. The PSM is then transformed
into a Code model based on three types of code: JavaServer Pages (JSP) 2.0, J2SE 1.5.0 and
Oracle Database.”. Caceres et al. (2003) extended MDA to MIDAS, which specifically focuses
on the generation of web based applications. MIDAS applies the “MDA metamodel to the Web
platform using XML and (object-) relational technology” and, as we proposed in our extension is
able to generate multiple PIMs based on the situation: “MIDAS proposes different PIMs and
PSMs and defines some mapping rules between models”. Lastly, Barbosa et al. (2008) suggested
an extension on the MDA framework specifically for semantics preserving transformations. They
propose: “extending the M1 and M2 layers of the MDA architecture towards the definition of
static and dynamic semantic models, both crucial to extract the semantics of any model. The
extension includes: (i) a semantic metamodel and a set of transformations representing semantic
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Table 7.3: Revised MDA

equations; and (ii) a set of evaluation reduction rules for semantic models in order to extract the
meaning from their states and automatic proofs of conformance between these models.”. This
suggestion is also a valuable addition to our own extended MDA framework.

7.4.1.1

Validation

We discussed our categorization and revised MDA with six of the MDEE experts (from IBM,
Cordys, AFAS, ForMetis, GeneXus and GorillaIT) in order to validate their existence. We
purposefully discussed our vision in an informal way, because we do not have the illusion that
this single thesis will change the entire MDE/MDA world. Such a big change needs to be realized
by the MDE community. As such, we intend to publish a scientific paper (AppendixL), and
let the MDE community validate or reject our ideas. The only discussion/question that we
presented/asked those MDEE experts after explaining the revised MDA framework was: “Do
you agree with our presented MDA vision, and do you think that our improvements make valuable
additions? ”. Surprisingly, all the MDEE experts saw our extensions to the MDA framework
as useful, even the MDEE experts without functional modeling languages. However, we have
to admit that it is hard to quantify to which extend they found it useful. For example, an
ex software solution architect from IBM states: “The MDA model has the limitation that it is
domain agnostic. This makes the definitions of PIMs and PSMs more application driven and not
so business driven. Adding the Domain Model concept I think adds value because it incorporates
the notion that applications are driven by domain needs. This means that modeling in terms
of business needs and not application-centric features could provide better alignment between
business and IT.”.
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Although all six MDEE experts agreed with our views, they raised some important questions. It
was stated multiple times that collaboratively working towards common standards is theoretically
a good initiative, but it won’t work due to competition (i.e. MDEE producing companies will
not be willing to share or publish their techniques). Additionally, why would MDEE producing
organizations start following standards now, if they are not doing it now? We don’t see the
latter as a problem, because in our philosophy each new approach should be documented and
published. We see standards as the documentation and publication of solutions, not necessarily
as the adoption by an organization such as the OMG. We feel that by publishing all technological
and modeling advancements, MDEE producing companies can benefit from each other and
collectively evolve their products. Lastly, the CEO from ForMetis noted that although we made
some valuable additions, the revised MDA concept does not go far enough. In his opinion, the
GSDP-MDE should be fully followed. Lastly, the ForMetis MDEE follows the GSDP-MDE
philosophy, and naturally make the CEO of ForMetis argue that although our extension is a
step in the right direction, GSDP-MDE should eventually be the standard.

Chapter 8

Discussion
In this chapter we discuss the four threats to validity.

8.1

Threats to Validity

Every research can potentially be affected by factors that decrease the validity of the results,
our research is unfortunately no exception. As mentioned in Section 2.2, there exist four validity
threats: internal validity, external validity, reliability and construct validity (Yin, 2013).

8.1.1

Internal Validity

Internal validity of a research refers to the degree to which a researcher’s experiment follows
the principle of cause and effect. The threat of internal validity is not that applicable to our
research. All the researched MDEEs and interviewed MDEE experts are unrelated, and do not
interfere with each other on a product level. The MDEEs do affect each other on a market
level, as competitive products. Although competitiveness can make products more homo- or
heterogeneous, it does not cause a faulty causal relationship. Moreover, we performed multiple
validation rounds. As such, the threat against internal validity is minimum.

8.1.2

External Validity

External validity of a research refers to the degree to which the found results are generalizable
to the outside world. To maximize the external validity, we intensively researched 16 MDEEs.
Our results are at least generalizable to the Dutch MDE market, as we were able to research
most MDEEs that are active in the Netherlands. Moreover, as most of these products are
internationally oriented, the results can be generalized world wide MDE domain. It is however
impossible to quantify the extent of this generalizability. Moreover, from some MDEE types such
as software factories and DEMO engines, we were only able to research a single MDEE. As such,
results and deductions resulting from those MDEEs have limited generalizability. Lastly, we were
only able to validate our categorization and revised MDA informally with six MDEE experts.
However, we intend to publish our vision and achieve external validity through adaptation of
the MDE community.
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Reliability

The reliability of a research refers to the degree to which the research can be reproduced in
a consistent way by other researchers. To minimize the threat to reliability, we created and
documented an interview and validation protocol. Additionally, all the interviews were recorded,
and therefor can be compared with future interviews. However, due to time constraints, we
were not able to transcribe and code our interviews, which decreases reliability. Additionally, all
the interviews except with the IBM MDEE expert were done in Dutch, and therefore required
translation from Dutch to English. Even though this translation is carefully done, information
from the English language could potentially be lost during translation. Lastly, we performed an
unstructured literature review which lowers the reliability of our literature study.

8.1.4

Construct Validity

The construct validity of a research refers to the degree to which the used research methods
actually measure what they claim to measure. Although we did discuss the terms MDE, MDEE,
generator and interpreter with the MDEE experts, other constructs were not validated. For
example, the construct ‘portability’ and ‘flexibility’ were mentioned a couple of times by MDEE
experts, but we have no way to be sure whether the MDEE experts meant the same thing.
Additionally, we only spoke with one or two experts per MDEE, whom could have different
construct ideas than fellow colleagues. In our favor is that we got information from multiple
sources such as document studies, expert interviews and product usage, which increases construct
validity.

Chapter 9

Conclusion
In this chapter we summarize the answers to the main- and sub research questions.
1. What does a model driven engineering environment encompass?
We answered this research question by closely analyzing, relating and reasoning about terms
similar to MDE. We defined a MDEE as Figure 9.1. A MDEE is concerned with users that use
modeling languages inside a modeling environment to model software. The models are sent for
transformation to a generator or interpreter in a specific format, which will result in an end
application. From this definition we decided to exclude the ‘modeling environment’ part from
our research, because in our opinion modeling environments lay more in the domain of usability
engineering than MDE.

Figure 9.1: Framing of MDEE

2. What differences exist between model driven engineering environments and what design
decisions underlie these differences?
The second subquestion was answered by comparing 16 MDEEs through expert interviews and
document studies (i.e. product wikis and websites). The first design decision that we encountered
was on which user type the MDEE focuses. Based on the researched MDEEs, we identified the
laymen, technical business users and developers. Additionally we created a SQL expert category,
specifically for the Usoft MDEE after our validation. The underlying design decision of these
different categories lays within the business models. When a new MDEE is being developed, the
MDEE producing organization has to decide on which customer and market segment they want
to focus.
The second set of design decisions that we identified are related to the modeling languages
supported by a MDEE. Design decision underneath the identified modeling language differences
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are generally about the different user types (e.g. laymen require simpler modeling languages),
different MDE philosophies (functional vs. IT modeling), different customers (i.e. different
wishes in the end applications), different MDEE types (e.g. software factory vs. BPM suite)
and time or resource constraints. Based on these design decisions, we identified the following
modeling language categories per separation of concern:
• Data modeling:
• Business rules:
– ERD
– Data rules
– ORM
– Process rules
– Computational ontology
– Decision table
• Flow modeling:
– Decision tree
– Workflow
• Expressions:
– Expression editor
– Process flow
– Case flow
– Natural language rules
– UI flow
– Close to programming language
– DEMO flow
– Programmed
• UI:
– Form & view
– Toolset
– Predefined components
– No need for UI modeling due to functional data model
The third set of design decisions that we identified are related to the transformation process (i.e.
the generation or interpretation process). The biggest design decisions and differences are:
• Doest the MDEE have a native or web modeling tool?
• Is programming possible within the MDEE, and if yes, is it optional or mandatory?
• Does the MDEE have a generator or interpreter, and if it has a generator, is generation
realized in two steps?
• Is a regular database or XML file use as data storage for the end application?
• Does the MDEE allow local (i.e. on device) storage of the models?
• Does the MDEE convert the models to an XML file, or are the models only saved in a
relational database?
• Does the MDEE support different programming stacks? (e.g. Java and C#)
• Does the transformation process of the MDEE have a plug & play architecture?
• Doest the MDEE create native, web or both types of applications?
• In the case that a MDEE has a generator, does it still allow runtime workflow modeling?
The last and fourth design decision that has to be made is the type of application the MDEE
produces. The underlying design decisions of these differences are mainly concerned with the
business model. The question is for the MDEE producing organization what kind of end
application they want to sell to their customers. We identified business applications, BPM
applications, ERP applications and DEMO engine as end application types.
3. What advantages and disadvantages results from these design decisions?
To answer this subquestion, we discussed the identified differences with the MDEE experts. The
differences in user and end application types do not hold specific advantages or disadvantages
for the MDEE. As mentioned earlier, both the user and end application type are business model
decisions (i.e. target market).
The design decision for modeling languages are largely related with the users. If an MDEE
targets laymen, but at the same time offers modeling languages that are very technical, this
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would be a mismatch. The remaining advantages and disadvantages per modeling language
design decision are:
• Data modeling: the advantage of a functional data modeling language is the ability
for non-technical person to comprehend such a language. However, if the MDEE targets
developers, a functional language would be a disadvantage, because developers would not
be constrained by a technical language in the first place.
• Flow modeling: although many business analysts are familiar with BPMN, newcomers
may have a hard time understanding a new modeling language. To keep the flow modeling
threshold low, many MDEEs only have a simple workflow language. However, a workflow
language holds the disadvantages that process and case modeling offer more freedom,
flexibility and expressibility.
• Business rule modeling: within business rules, there are not that many design decisions
to make. Our analysis shows that all MDEEs offer data and process rules. The only
identified design decision is whether more extensive rule constructs and behavior are needed
(e.g. decision tables and data triggers), against the cost of development time and resources.
• Expression modeling: expressions can be realized by an expression editor, programming
or natural language. The advantage of programming is that developers can use a language
they are already familiar with. Obviously, this is not a solution when the users are laymen,
in which case an expression editor or natural language is a better solution. Although
natural language sounds like the optimal solution, it requires immense time and resources
to create a system that can deal with ambiguity and synonyms.
• UI modeling: within UI modeling, the most prominent design decision is simplicity
against flexibility and expressibility. If data modeling is done from a functional perspective,
it is even possible to generate the UI without any UI modeling. However, this can also be
a disadvantage, in case the modelers want to be able to design the UI themselves.
The design decision for transformation technologies are largely related to the investment of
resources against more flexibility, portability and complexity:
• Native vs. web modeling tool: the design decision of a native or web modeling tool is
non existent, because all MDEE experts favored a web modeling tool.
• Allow programming: allow programming in a MDEE provides users/developers with
more freedom and flexibility. However, programming also complicates maintenance and
requires developers.
• Generation vs. interpretation: some MDEE experts argued that generators and
interpreters hold specific advantages and disadvantages. On the other hand, there were
also MDEE experts whom stated that due to technological advancements, the differences
between generators and interpreters are becoming virtually non existent.
• Two step generation: a two step generation process can generate more high quality
code against the cost of an additional step (i.e more time and complexity). Additionally, a
two step generation process can result in the separation of PIMs and PSMs.
• Store runtime model in XML: according the MDEE experts, saving the runtime model
in an XML offers a lot of freedom regarding data persistence. However, from a sales
perspective it might seem unconventional to sell an application without traditional data
storage.
• Convert models to XML: Transforming models to an XML file increases shareability,
but also complicates (i.e. slows down) the transformation process.
• Support multiple technical stacks: multiple stacks increases portability, but also
requires the development of code templates per stack.
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• Plug & play interpretation architecture: a plug & play architecture allows users to
add their own languages, interpreters and compilers in a relative simple manner. However,
such an architecture is complex and time consuming to develop.
• Support creation of native applications: this design decisions is again more related
to the business model. If customers want a native application, than it can be viable
business case. However, with everything transitioning to the cloud, the demand for native
applications will probably decline
4. How can model driven engineering environments be categorized in a systematic way?
Although we already made categories through the combinations of all the different design
decisions, such a categorization is not systematic. Instead we suggested a categorization based
on the degree of standards for both modeling languages and transformation technologies. This
categorization showed us that contemporary MDEEs barely make use of any standards. As
such, we provided a vision in which MDEE producing organizations use the categorization
in combination with a collective documentation on modeling and transformation technology
standards, to increase the quality of MDEEs and monitor the evolution of MDEE standards.
• How can software producing organizations be supported in designing a Model Driven
Engineering Environment?
To help MDEE producing organizations in their design of an MDEE, this thesis provides multiple
tools and artifacts. To start, we provided a definition of MDEE, and positioned it within the
plethora of MDE related terms. Through this positioning, MDEE producing organizations
can easier position themselves in the model driven domain. Next, we identified and analyzed
design decisions of the transformation process, which allows MDEE producing organizations
to take these design decisions into consideration upfront of the design process. Moreover, we
identified and organized modeling elements, which provides MDEE producing organizations with
the opportunity to easily copy these elements, without having to invest time to reinvent the
wheel. Lastly, we categorized MDEEs based on their adoption of standards, and provided a new
philosophy of MDA. New MDEEs can be plotted in this categorization model to see whether
they bring new transformation technologies or modeling languages. When a new transformation
technology or modeling language is created, this should be documented and subsequently made
available for the entire MDE community. Through this process, MDEE producing organizations
will not have to reinvent the wheel within every MDEE, but instead can focus on producing
high quality MDEEs.

9.1

Future Research and Limitations

Based on the results from this research, we identified several directions for future work. First of
all, the MDEE cross tables could be extended with more MDEEs, specially MDEEs from outside
of the Netherlands. Secondly, we identified many different modeling elements that could still be
quantitatively analyzed for interdependencies. Additionally, we did not fully relate the modeling
languages from the researched MDEEs to the ones we identified in literature. Specific differences
and/or similarities between those languages can bring new insights to the existence and evolution
of modeling languages. We also identified many different MDEE categories/types, but did not
perform inter-categorical research. The specific comparison of MDEEs in the same category
could bring new design decisions and related advantages and disadvantages to light. Thirdly, it
would be interesting to research a MDEE that is developed from scratch, to see how the design
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decisions are made and processed. Moreover, we identified two opposite MDEE philosophies of
functional against IT modeling. We purposefully did not enter the discussion on which philosophy
is better, but it would be interesting to see which philosophy offers more expressibility, freedom,
ease of use and maintainability. Fourthly, we provided a categorization model that allows the
close monitoring of the evolution of MDEEs and MDE technologies. Lastly, we presented a new
vision on MDA, which requires the adaption and recognition of the MDE community. However,
it requires time to see how this new view lands within the MDE community. The adaptation
of our revised MDA within the MDE community will also cause validation or rejection, as we
were not fully able to validate this vision within our research. Limitations, as mentioned earlier,
are that we did not discuss all relevant constructs with MDEE experts, and did not code our
interviews.
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Agrawal, A., Karsai, G., and Lédeczi, Á. (2003). An end-to-end domain-driven software
development framework. In Companion of the 18th annual ACM SIGPLAN conference on
Object-oriented programming, systems, languages, and applications, pages 8–15. ACM.
Akehurst, D. and Kent, S. (2002). A relational approach to defining transformations in a
metamodel. In UML 2002 – The Unified Modeling Language, pages 243–258. Springer.
Anda, B., Hansen, K., Gullesen, I., and Thorsen, H. K. (2006). Experiences from introducing
uml-based development in a large safety-critical project. Empirical Software Engineering,
11(4):555–581.
Arisholm, E., Briand, L. C., Hove, S. E., and Labiche, Y. (2006). The impact of uml documentation on software maintenance: An experimental evaluation. Software Engineering, IEEE
Transactions on, 32(6):365–381.
Atkinson, C. and Kuhne, T. (2003). Model-driven development: a metamodeling foundation.
Software, IEEE, 20(5):36–41.
Bachman, C. W. (1969). Data structure diagrams. ACM Sigmis Database, 1(2):4–10.
Bakema, G., Zwart, J., and Van der Lek, H. (1994). Fully comminication oriented niam.
Baker, P., Loh, S., and Weil, F. (2005). Model-driven engineering in a large industrial context —
motorola case study. In Model Driven Engineering Languages and Systems, pages 476–491.
Springer.
Barbosa, P. E., Ramalho, F., De Figueiredo, J. C., and dos S Junior, A. (2008). An extended
mda architecture for ensuring semantics-preserving transformations. In Software Engineering
Workshop, 2008. SEW’08. 32nd Annual IEEE, pages 33–42. IEEE.
Barker, R. (1990). Case Method: Entity Relationship Modelling. Addison-Wesley Longman
Publishing Co., Inc., Boston, MA, USA, 1st edition.
Barron, D. W. (1972). Assemblers and loaders; 2nd ed. Comput. Mono. MacDonald, London.
Batini, C., Ceri, S., and Navathe, S. (1989). Entity Relationship Approach. Elsevier Science
Publishers BV (North Holland).

87

Bibliography

88

Bergin, T. J. and Gibson, R. G. (1996). History of programming languages II. ACM Press New
York.
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Jouault, F., Allilaire, F., Bézivin, J., Kurtev, I., and Valduriez, P. (2006). Atl: a qvt-like
transformation language. In Companion to the 21st ACM SIGPLAN symposium on Objectoriented programming systems, languages, and applications, pages 719–720. ACM.
Jouault, F. and Kurtev, I. (2006). On the architectural alignment of atl and qvt. In Proceedings
of the 2006 ACM symposium on Applied computing, pages 1188–1195. ACM.
Jouenne, E. and Normand, V. (2005). Tailoring ieee 1471 for mde support. In UML Modeling
Languages and Applications, pages 163–174. Springer.
Kalnins, A., Barzdins, J., and Celms, E. (2005). Model transformation language mola. In Model
Driven Architecture, pages 62–76. Springer.

Bibliography

95

Kappel, G., Rausch-Schott, S., and Retschitzegger, W. (2000). A framework for workflow
management systems based on objects, rules and roles. ACM Computing Surveys (CSUR),
32(1es):27.
Kent, S. (2002). Model driven engineering. In Integrated formal methods, pages 286–298. Springer.
Kent, W. (1977). Entities and relationships in information. In Proc 1977 IFIP Working Conf on
Modelling in Data Base Management Systems, Nice, France, North-Holland Publishing, pages
67–91.
Kim, Y.-G. and March, S. T. (1995). Comparing data modeling formalisms. Communications of
the ACM, 38(6):103–115.
Kirstan, S. and Zimmermann, J. (2010). Evaluating costs and benefits of model-based development
of embedded software systems in the car industry–results of a qualitative case study. In
Proceedings Workshop C2M EEMDD “From code centric to model centric: Evaluating the
effectiveness of MDD” ECMFA.
Kleppe, A. G., Warmer, J., Bast, W., and Explained, M. (2003). The model driven architecture:
practice and promise.
Klyne, G. and Carroll, J. J. (2006). Resource description framework (rdf): Concepts and abstract
syntax.
Knolmayer, G., Endl, R., and Pfahrer, M. (2000). Modeling processes and workflows by business
rules. In Business Process Management, pages 16–29. Springer.
Koide, S. and Takeda, H. (2006). Metamodeling in oop, mof, rdfs, and owl. In 2nd International Workshop on Semantic Web Enabled Software Engineering (SWESE 2006) at the 5th
International Semantic Web Conference (ISWC 2006).
Königs, A. (2005). Model transformation with triple graph grammars. In Model Transformations
in Practice Satellite Workshop of MODELS, page 166.
Kramer, J. (2007). Is abstraction the key to computing?
50(4):36–42.

Communications of the ACM,

Kristiansen, R. and Trætteberg, H. (2007). Model-based usmer interface design in the context of
workflow models. In Task Models and Diagrams for User Interface Design, pages 227–239.
Springer.
Kühne, T. (2006). Matters of (meta-) modeling. Software & Systems Modeling, 5(4):369–385.
Kuper, G. M. (1985). The logical data model: A new approach to database logic. Technical
report, DTIC Document.
Kurtev, I. (2008). State of the art of qvt: A model transformation language standard. In
Applications of graph transformations with industrial relevance, pages 377–393. Springer.
Lampson, B. W. (1965). Interactive machine-language programming. In Proceedings of the
November 30–December 1, 1965, fall joint computer conference, part II: computers: their
impact on society, pages 141–149. ACM.
Lawley, M. and Steel, J. (2006). Practical declarative model transformation with tefkat. In
Satellite Events at the MoDELS 2005 Conference, pages 139–150. Springer.
Lawrence, P. (1997). Workflow handbook 1997. John Wiley & Sons, Inc.

Bibliography

96

Leite, J. C. S. d. P. and Leonardi, M. C. (1998). Business rules as organizational policies. In
Software Specification and Design, 1998. Proceedings. Ninth International Workshop on, pages
68–76. IEEE.
Lenz, G., Wienands, C., Greenfield, J., and Kozaczynski, W. (2006). Practical software factories
in. NET. Springer.
Levy, S. (1984). Hackers: Heroes of the Computer Revolution. Doubleday, New York, NY, USA.
Leymann, F. and Altenhuber, W. (1994). Managing business processes as an information resource.
IBM systems journal, 33(2):326–348.
Li, D., Li, X., and Stolz, V. (2011). Qvt-based model transformation using xslt. ACM SIGSOFT
Software Engineering Notes, 36(1):1–8.
Lienhard, H. and Künzi, U.-M. (2005). Workflow and business rules: a common approach.
Workflow handbook, pages 129–140.
Lightsey, B. (2001). Systems engineering fundamentals. Technical report, DTIC Document.
Limbourg, Q. et al. (2004a). Multi-path development of user interfaces. PhD thesis, Faculté des
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Vojtisek, D. and Jézéquel, J.-M. (2004). Mtl and umlaut ng-engine and framework for model
transformation. ERCIM News 58, 58.
Völter, M., Stahl, T., Bettin, J., Haase, A., and Helsen, S. (2013). Model-driven software
development: technology, engineering, management. John Wiley & Sons.
Von Halle, B. and Goldberg, L. (2009). The decision model: a business logic framework linking
business and technology. CRC Press.
Wagner, G. (2005). Rule modeling and markup. In Reasoning Web, pages 251–274. Springer.
Wan-Kadir, W. M. and Loucopoulos, P. (2004). Relating evolving business rules to software
design. Journal of Systems architecture, 50(7):367–382.
Wand, Y., Storey, V. C., and Weber, R. (1999). An ontological analysis of the relationship
construct in conceptual modeling. ACM Transactions on Database Systems (TODS), 24(4):494–
528.
Wand, Y. and Weber, R. (1990). An ontological model of an information system. Software
Engineering, IEEE Transactions on, 16(11):1282–1292.
Ward, M. P. (1994). Language-oriented programming. Software-Concepts and Tools, 15(4):147–
161.
Weigert, T. and Weil, F. (2006). Practical experiences in using model-driven engineering to
develop trustworthy computing systems. In Sensor Networks, Ubiquitous, and Trustworthy
Computing, 2006. IEEE International Conference on, volume 1, pages 8–pp. IEEE.
Weiss, M. (2009). Xml metadata interchange. In Encyclopedia of Database Systems, pages
3597–3597. Springer.
Wettenhall, J. M., Simpson, K. M., Satterley, K., and Smyth, G. K. (2006). affylmgui: a
graphical user interface for linear modeling of single channel microarray data. Bioinformatics,
22(7):897–899.
Wettenhall, J. M. and Smyth, G. K. (2004). limmagui: a graphical user interface for linear
modeling of microarray data. Bioinformatics, 20(18):3705–3706.
Wexelblat, R. L., editor (1981). History of Programming Languages I. ACM, New York, NY,
USA.
White, S. A. (2004). Process modeling notations and workflow patterns. Workflow handbook,
2004:265–294.
Willink, E. D. (2003). Umlx: A graphical transformation language for mda. In A. Rensink (Ed.)
Proceedings of the Workshop on Model Driven Architecture: Foundations and Applications,
pages 13–24.

Bibliography

105

Wimmer, M., Strommer, M., Kargl, H., and Kramler, G. (2007). Towards model transformation generation by-example. In System Sciences, 2007. HICSS 2007. 40th Annual Hawaii
International Conference on, pages 285b–285b. IEEE.
Wolstenhilme, E. F., Henderson, S., and Gauine, A. (1993). The evaluation of management
information systems: A dynamic and holistic approach. John Wiley & Sons, Inc.
Wu, J.-H., Shin, S.-S., Chien, J.-L., Chao, W. S., and Hsieh, M.-C. (2007). An extended mda
method for user interface modeling and transformation. In ECIS, pages 1632–1642.
Yin, R. K. (2013). Case study research: Design and methods. Sage publications.
Yongchareon, S., Yu, J., Zhao, X., et al. (2015). A view framework for modeling and change
validation of artifact-centric inter-organizational business processes. Information systems,
47:51–81.
Zeng, L., Flaxer, D., Chang, H., and Jeng, J.-J. (2002). Plm flow—dynamic business process
composition and execution by rule inference. In Technologies for E-Services, pages 141–150.
Springer.
Zeng, L., Ngu, A., Benatallah, B., and O’Dell, M. (2001). An agent-based approach for supporting
cross-enterprise workflows. In Proceedings of the 12th Australasian database conference, pages
123–130. IEEE Computer Society.
Zhang, J., Lin, Y., and Gray, J. (2005). Generic and domain-specific model refactoring using a
model transformation engine. In Model-driven Software Development, pages 199–217. Springer.
Zoet, M. and Versendaal, J. (2013). Business rules management solutions problem space:
Situational factors. In PACIS, page 247.
Zoet, M., Versendaal, J., Ravesteyn, P., and Welke, R. J. (2011). Alignment of business process
management and business rules. In ECIS.
Zur Muehlen, M. and Indulska, M. (2010). Modeling languages for business processes and
business rules: A representational analysis. Information systems, 35(4):379–390.
Zur Muehlen, M., Indulska, M., and Kamp, G. (2007). Business process and business rule
modeling languages for compliance management: a representational analysis. In Tutorials,
posters, panels and industrial contributions at the 26th international conference on Conceptual
modeling-Volume 83, pages 127–132. Australian Computer Society, Inc.

Appendix A

Activities and Deliverables
Main Activity
Propose Thesis

Sub Activity
Write short Proposal
Write Long Proposal

Literature Study

Compose Scholar
Queries
Query Google Scholar
Study Articles

Identify MDEEs

Explore literature
Exploit Network

Ask Experts
Query Google
Contact MDEE Producing
Organizations
Schedule Interview
Perform Case
Studies

Study MDEE
Documentation
Create Demo With MDEE
Interview MDEE product
Expert

Identify Design
Decisions

Compare MDEEs
Extract Differences
Extract Similarities
Visualize Design
Decisions

Identify Merits

Categorize MDEEs

Discuss Design Decisions
with MDEE product
Experts
Determine Advantages
Determine
Disadvantages
Map Relative Merits to
MDEE Cross Table
Determine Categories
Create MDEECSM
Organize Workshop

Document

Write Thesis
Write Scientific Article
Create Thesis
Presentation

Description
The SHORT PROPOSAL is written and gives an initial overview of the proposed
research.
The LONG PROPOSAL is written and defines the precise details of the proposed
research.
GOOGLE QUERIES are composed to find the proper articles that are required for the
LITERATURE STUDY.
The GOOGLE QUERIES are utilized in the Google Scholar search engine and the
LITERATURE ARTICLES are presented to the researchers.
The LITERATURE ARTICLES are studied and relevant ones are added to the
LITEATURE STUDY.
MDEE ARTICLES from the LITERATURE STUDY are explored for the identification of
QUALIFIABLE MDEES suitable for the research.
The professional network of the researchers are exploited by contacting fellow
students and (assistant) professors to identify QUALIFIABLE MDEES suitable for the
research.
MDEE PRODUCT EXPERTS are asked for QUALIFIABLE MDEEs suitable for the
research after each MDEE INTERVIEW.
The Google Search Engine will be queried on specific keywords related to model
driven engineering in order to identify QUALIFIABLE MDEEs suitable for the research
The respective MDEE PRODUCING ORGANIZATIONS of the QUALIFIABLE MDEEs are
contacted and a request is made for a PARTICIPATING MDEE.
An MDEE INTERVIEW is scheduled with a MDEE PRODUCT EXPERT if the request is
adhered to.
Documents about the PARTICIPATING MDEEs are studied as preparation to the
MDEE INTERVIEW and to become more familiar with the respective PARTICIPATING
MDEE.
If a trial version is available of a PARTICIPATING MDEE, a DEMO APPLICATION is
created to become more familiar with the respective PARTICIPATING MDEE.
During the MDEE INTERVIEW questions are asked to a MDEE PRODUCT EXPERT
about the modeling elements and generation/interpretation process of a
PARTICIPATING MDEE.
All the PARTICIPATING MDEEs are compared in order to identify on which points
they are different and on which points they are similar.
The MDEE DIFFERENCES are determined based on the comparison.
The MDEE SIMILARITIES are determined based on the comparison.
The MDEE DIFFERENCES and MDEE SIMILARITIES (MDEE DESIGN DECISIONS) are
visualized by creating a MDEE CROSS TABLE containing the PARTICIPATING MDEES
as columns and MDEE DESIGN DECISIONS as rows.
MDEE DESIGN DECISIONS are discussed during the DESIGN DECISION DISCUSSION
with MDEE PRODUCT EXPERTS.
The DESIGN DECISION ADVANTAGES are determined based on the DESIGN DECISION
DISCUSSION.
The DESIGN DECISION DISADVANTAGES are determined based on the DESIGN
DECISION DISCUSSION.
The MDEE ADVANTAGES and MDEE DISADVANTAGES will be added to MDEE
DESIGN DECISIONS in the MDEE CROSS TABLE.
Based on the RELATIVE MERITS and MDEE DESIGN DECISIONS, categories are
created in which the MDEEs can be positioned.
We create the MDEE CATEGORY SELECTION MODEL that allows users to easily select
a MDEE CATEGORY which corresponds with their needs.
A WORKSHOP is organized with all the interviewed MDEE PRODUCT EXPERTS to
validate the MDEE CROSS TABLE and MDEE CATEGORIES.
The MASTER THESIS is written, documenting the entire process of the research
including a conclusion and discussion.
A SCIENTIFIC ARTICLE is written with the goal to publish the results of the MASTER
THESIS.
A THESIS PRESENTATION is created and used to defend the research and
successfully complete the graduation process.

Figure A.1: PDD activity table
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Appendix A. Appendix Title Here

Deliverable
SHORT PROPOSAL
LONG PROPOSAL

RESEARCH APPROACH
SEARCH QUERY
LITERATURE ARTICLE
LITERATURE STUDY
MDEE DEFINITION
QUALIFIABLE MDEE
MDEE PRODUCING
ORGANIZATION
PARTICIPATING MDEE
DEMO APPLICATION
MDEE
DOCUMENTATION
MDEE INTERVIEW
MDEE PRODUCT
EXPERT
MDEE SIMILARITY
MDEE DIFFERENCE
MDEE DESIGN
DECISION
MDEE CROSS TABLE
DESIGN DECSION
DISCUSSION
DESIGN DECISION
ADVANTAGE
DESIGN DECSION
DISADVANTAGE
RELATIVE MERIT
MDEE CATEGORY
MDEECSM
WORKSHOP
MASTER THESIS

SCIENTIFIC ARTICLE
THESIS
PRESENTATION

Description
The SHORT PROPOSAL is a document that describes the research by providing the problem statement, main
research questions and research approach. It forms the starting point for the LONG PROPOSAL.
The LONG PROPOSAL is a document that describes the research by providing the problem statement,
research questions, research approach, research method, main deliverables, evaluation method, relevance,
literature, planning and communication. It forms the starting point for the RESEARCH APPROACH and gives
input in the form of literature for the LITERATURE STUDY.
The RESEARCH APPROACH is a chapter in the MASTER THESIS and describes how the research will be
conducted. It is based on the LONG PROPOSAL.
A SEARCH QUERY is a special query designed for the Google Scholar search engine in order to find relevant
scientific articles for this study.
A LITERATURE ARTICLE is a scientific article provided by the Google Scholar search engine and found through
a SEARCH QUERY.
LITERATURE STUDY is a chapter in the MASTER THESIS and describes relevant literature based on MDE
ARTICLES, DSM ARTICLES AND MODELING LANGAUGE ARTICLES.
The MDEE DEFINITION defines the precise characteristics THAT a QUALIFIABLE MDEE should encompass.
QUALIFIABLE MDEES are MDEEs that are suitable for our research but from which the respective MDEE
PRODUCING ORGANIZATION still needs to be contacted to ask for permission.
MDEE PRODUCING ORGANIZATIONS are organizations in which MDEE DESIGN DECSIONS are taken about
MDEEs.
PARTICIATPING MDEES are QUALIFIABLE MDEEs from which the respective MDEE PRODUCING
ORGANIZATION has confirmed participation in our research.
A DEMO APPLICATION is an application developed with a PARTICIPATING MDEE in order to get more familiar
with the respective MDEE.
MDEE DOCUMENTATION are documents that contain relevant information for the researchers about
PARTICIPATING MDEES.
A MDEE INTERVIEW is an interview with a MDEE PRODUCT EXPERT during which questions about the
modeling elements and generation/interpretation process are asked about a PARTICIPATING MDEE.
A MDEE PRODUCT EXPERT is an expert who can tell the researchers about the MDEE DESIGN DECISIONS of a
specific PARTICIPATING MDEE.
MDEE SIMILARITY is a similar MDEE DESIGN DECISION between one or more PARTICIPATING MDEES on the
same criteria.
MDEE DIFFERENCE is a different MDEE DESIGN DECISION between one or more PARTICIPATING MDEES on
the same evaluation criteria.
MDEE DESIGN DECISION is either a MDEE SIMILARITY or MDEE DIFFERENCE and represents a point on which
one or more MDEEs can be evaluated.
MDEE CROSS TABLE consist of PARTICIPATING MDEEs as columns and MDEE DESIGN DECISIONS as rows. This
way each PARTICIPATING MDEE can be linked to the same MDEE DESIGN DECISIONS.
During a DESIGN DECISION DISCUSSION a MDEE PRODUCT EXPERT is confronted with MDEE DESIGN
DECISIONS and asked for DESIGN DECISIONS ADVANTAGES and DESIGN DECISION DISADVANTAGES.
MDEE ADVANTAGE is a relative advantage to other MDEEs caused by at least one MDEE DESIGN DECISION.
MDEE DISADVANTAGE is a relative disadvantage to other MDEEs caused by at least one MDEE DESIGN
DECISION.
RELATIVE MERITS maps MDEE ADVANTAGE and MDEE DISADVANTAGE to MDEEs and are mapped to MDEEs
and MDEE DESIGN DECISIONS in the MDEE CROSS TABLE.
A MDEE CATEGORY are based on RELATIVE MERITS and MDEE DESIGN DECISIONS and contains multiple
MDEEs that can be put in the same category.
The MDEECSM guides users in selecting a suitable MDEE CATEGORY based on preferences.
During the WORKSHOP the MDEE MDEECSM and MDEE CROSS TABLE are presented to all the participating
MDEE PRODUCT EXPERTS for validation.
The MASTER THESIS is the end result of the entire research project and documents the full process of the
research, its deliverables, conclusion and discussion. It is built of the following chapters: RESEARCH
APPROACH, LITERATURE STUDY, MDE METHODS, MDE LANGUAGES, MDE ELEMENTS DESIGN DECISIONS
AND THE MODELING LANGUAGE FRAMEWORK.
The SCIENTIFIC ARTICLE presents the results of the RESEARCH THESIS in the format of an academic paper and
can be submitted to a journal or conference.
The THESIS PRESENTATION presents the results of the RESEARCH THESIS and is used in the defense of the
research in order to complete the graduation process of the student.

Figure A.2: PDD deliverable table
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Interview protocol
Pre-interview protocol
Before the start of the interview, the company website including product pages are thoroughly
investigated to gain knowledge about the company, products and MDEE. Next, the LinkedIn profile
of the interviewee will be researched to gain as much background knowledge as possible. Finally, the
MDEE will be investigated by means of self-testing, users manuals and explanation videos. The
gained knowledge can be used during the interview to ask better (follow-up) questions, skip certain
question and/or make the interview overall more effective, efficient and smooth.

General Information
Interview type: Semi Structured
Number of interviewers: 1
Location:

Estimated duration: 1,5 hours
Actual duration:
Recorded: Yes/No

Interviewee information

Company information

Name:
Age:
E-mail:
LinkedIn page:
Background:
Follow-up possible:

Company name:
Contact person:
Company website:
Company background:
Product range:

Interview
Introductory protocol
This interview is conducted on behalf of Utrecht University in fulfillment of my master thesis for the
master of business informatics. Within my thesis I am comparing multiple Model Driven Engineering
Environments so as to discover the differences and related advantages/disadvantages and
eventually create a model that guides users in selecting a certain model driven engineering
environment based on their wishes. The main research question of my thesis is “How can software
producing organizations be supported in their development of a Model Driven Engineering
Environment?”
To facilitate our note-taking, we would like to audio tape our conversations today. For your
information, only researchers on the project will have access to the tapes, which will be eventually
destroyed after the final thesis has been submitted. The interview is semi-structured, meaning that
pre-defined questions form the structure of this interview, but follow-up questions can be asked to
gain a better understanding or clarify a certain topic.
We have planned this interview to last no longer than 1,5 hours. During this time, we have several
questions that we would like to cover. The first questions are introductory, on the topic of the
company and the business function of the interviewee. The remaining and major part of the
interview is about the model driven engineering environment, specifically on the topics of the metamodel and generator.
Do you have any questions so far?

Figure B.1: MDEE expert interview protocol page 1
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Interview Questions
Constructs





What do you understand under Model Driven Engineering?
What do you understand under Model Driven Engineering Environment?
What do you understand under code generator and generation?
What do you understand under model interpreter and interpretation?

Introductory









How long have you worked for this company? [NQ]
Could you describe what your business function encompasses? [NQ]
o How is your function related to model driven engineering? [FQ]
How many people does the organization employ? [NQ]
In which countries are you active? [NQ]
What is the revenue of the company? [NQ]
How long has the company been in the MDE domain? [NQ]
o What were the main reasons to enter the MDE domain? [FQ]
o Were these reasons beneficial? [FQ]
Can you show me a short demo of the MDEE? [NQ]

User Types




Is the MDEE meant for people with business functions or for programmers, or a combination
thereof? [NQ]
o Can the application be modelled by one expert, or are different fields of expertise
required? [FQ]
o What are the advantages and disadvantages of this target user group? [FQ]
What are the biggest bottle necks in modelling experienced by users? [NQ]

Modeling Languages



How does the meta-model look like of the MDEE? [NQ]
o Is the meta-model for domain or generic use? [FQ]
Which perspectives are present in the meta-model? [NQ]
o What perspectives does the user need to model or define? [Cl]
 Data modeling [Ex]
 Workflow modeling [Ex]
 Process modeling [Ex]
 Business logic [Ex]
 Enterprise Modeling [Ex]
 Document Modeling [Ex]
 UML modeling (e.g. Class diagram, use case diagram etc.) [Ex]
o What are the advantages and disadvantages of using these perspective compared to
other perspectives? [FQ]
o Why are some perspectives not modelled? [FQ]
o At which abstraction level does a user need to model? [FQ]
 Does the user think at this abstraction level? [FFQ]
o Are the used modeling elements self-made, copied or a combination thereof? [FQ]
 Copied: UML [Ex]
 Copied: BPMN [Ex]

Figure B.2: MDEE expert interview protocol page 2
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What are the advantages and disadvantages of self-made vs. copied vs.
combination? [FFQ]
o Are the different modeling perspectives related to one another? [FQ]
 Role in process is limited to the ones modelled in the enterprise model [Ex]
 Data in process is limited to the ones modelled in the data model [Ex]
 What are the advantages and disadvantages of related perspectives vs. notrelated perspectives? [FFQ]
How do the models represent the real world? [NQ]
 Model does not represent real world (e.g. Class Diagrams) [Ex]
 Model fully represents the real world (e.g. BPMN) [Ex]
 Model describes real world vs. system behavior [Ex]
o What are the advantages and disadvantages of this kind of representation compared
to other forms of representation? [FQ]

Generator/Interpreter








Is the generator generative or interpretative in nature? [NQ]
o Are the models directly interpreted or transformed to source code? [Cl]
o Does the MDEE adhere to the Object Management Group’s Model Driven
Architecture standard? [FQ]
 Are platform independent models transformed to platform specific models
which are transformed to source code? [Cl]
 What are the advantages and disadvantages of (not) applying such a
standard? [FFQ]
What percentage of code can be generated from the models in the case a generator? [NQ]
o What does the range depend on? [FQ]
o What are the bottlenecks that prevent a higher percentage of generation? [FQ]
How does the generation/interpretation process look like? [NQ]
o Are there model to model transformations? [FQ]
o How is the model stored? [FQ]
o Is the model transformed to an XML document? [FQ]
o In the case of code generation, how is the generation realized? [FQ]
 Code templates [Ex]
 If/Then [Ex]
o In the case of model interpretation, how is the UI stored? [FQ]
 JSON [Ex]
 XML [Ex]
o Does the MDEE support different technical stacks? [FQ]
 Java [Ex]
 .NET [Ex]
o Is it possible to add functionality by manual programming? [FQ]
 In which programming languages can a user model? [FFQ]
 Java [Ex]
 C# [Ex]
 JavaScript [Ex]
o What are the advantages and disadvantages of using such a generation process?
[FQ]
What parts of the applications are not modelled but created anyway? [NQ]
 Help functionality [Ex]

Figure B.3: MDEE expert interview protocol page 3
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 Different Languages [Ex]
 User Interface [Ex]
 Functionality (e.g. a scheduler, workflow modeler) [Ex]
 API’s [Ex]
 Non-functional requirements [Ex]
o What are the advantages and disadvantages of generating these parts without any
modeling? [FQ]
Do you follow the MDA standard, or any of the related standards such as QVT, CWM or XMI?

Application


What kind of application can be generated/interpreted from the models? [NQ]
 Logistic applications [Ex]
 Financial applications [Ex]
 Any application [Ex]
 ERP applications [Ex]
o Why are other applications not possible? [FQ]
o Can a mobile interface be generated/interpreted from the same model? [FQ]

Closing protocol
Closing







Do you think we have missed anything on which the generator and meta-model should be
compared? [NQ]
May we contact you if we have any further questions? [NQ]
Can we use the name of the company in the thesis and scientific paper, or do you prefer an
anonymous name? [NQ]
Can we use your name in the thesis and scientific paper, or do you prefer an anonymous
name? [NQ]
Do you know of any company/products that we could add to our research? [NQ]
Do you have any questions? [NQ]

Thank you very much for your time so that we could conduct this interview. If the thesis and/or
paper are finished, I will sent you an email with the corresponding documents. If you have any
questions in the future, you are always free to contact me by email or phone.

[NQ]

= Normal Question

[FQ]

= Follow-up Question

[FFQ]

= Follow-up Question on a Follow-up question

[Cl]

= Clarification

[Ex]

= Example

Italic Font

= Question related to the rationale of a design decisions

Figure B.4: MDEE expert interview protocol page 4
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Validation Protocol
Pre-validation protocol
Before the start of the validation, all the necessary figures and tables are made ready by specifically
adding the relevant transformation process to the validation protocol, as well as preparing a
corresponding short explanation.. Additionally, the recording from the first interview will be listened
to again, in order to get familiarize ourselves once more with the MDEE.

General Information
Interview type: Semi Structured
Number of interviewers: 1
Location:

Estimated duration: 0,5 hours
Actual duration:
Email/Skype/: Yes/No

Interview
Introductory protocol
This validation is conducted on behalf of Utrecht University in fulfillment of my master thesis for the
master of business informatics. As mentioned previous time, I am comparing multiple Model Driven
Engineering Environments so as to discover the differences and related advantages/disadvantages
and eventually create a model that guides users in selecting a certain model driven engineering
environment based on their wishes. The main research question of my thesis is “How can software
producing organizations be supported in their development of a Model Driven Engineering
Environment?”
To facilitate our note-taking, we would like to audio tape our conversations today. For your
information, only researchers on the project will have access to the tapes, which will be eventually
destroyed after the final thesis has been submitted. The interview is semi-structured, meaning that
pre-defined questions form the structure of this interview, but follow-up questions can be asked to
gain a better understanding or clarify a certain topic.
We have planned this interview to last no longer than 0,5 hours. During this time, we have several
questions that we would like to cover. Because introductions already took place during the first
interview, such formalities will now be skipped. Questions will be about four created artifacts from
the researchers, which were created based on documentation studies and the corresponding 16
initial interviews with MDEE experts such as yourself. The artifacts are about user types, the
modeling languages, the transformation process and applications types.
Do you have any questions so far?

Interview Questions
User Types
The following table presents a categorization of user types per MDEE:

Figure B.5: MDEE expert validation protocol page 1
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Within this table, we distinguish between:





Layman are people whom have no technical knowledge.
Technical business users are people whom have certain knowledge on software
development, but are not developers (e.g. knowledge on databases, familiarity with data
types such as strings and integers). It is hard to define how much technical knowledge these
people require, therefore we simply position this user type as more knowledgeable
(regarding software development) than a layman, but less than developer.
Developers are people whom know how to write applications in a programming language.

 Do you have any questions
o Do you agree with our categorization?
o Do you agree with the category we gave your MDEE?

Transformation Process
The following images the transformation process of your MDEE:
[The image below is a sample image to illustrate the protocol. In the real interviews the relevant transformation process was added]

 Do you have any questions?
o Is this process correct?
o Is this process complete?

Figure B.6: MDEE expert validation protocol page 2
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Application Output Type
The following table presents the output application type per MDEE

Within this table, we distinguish between:







Business application is an application which supports and automates content,
communication, and collaboration between a specific set of business functions
BPM application is an application that through process modeling and a Software Oriented
Architecture (SOA), uses services (functionality) of present ISs instead of having functionality
on its own. As a result, users only need to interact with the BPM application rather than all
the underlying (legacy) applications.
ERP application is an application which automates and supports a range of administrative
and operational business processes across multiple departments, including line of business,
customer-facing, administrative and the asset management aspects of an enterprise.
DEMO engine is an engine that can only check whether actions of users are compliant to
specified DEMO models.

 Do you have any questions?
o Do you agree with our categorization?
o Do you agree with the category we gave your MDEE?

Modeling Elements
The following tables present all the modeling elements for your MDEE including a definition:

Figure B.7: MDEE expert validation protocol page 3
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Revised Figures and Tables

Layman
Technical business user
Developer

1
1 1 1 1
1

1
1 1
1 1

Total (%):

Total:
Formetis
GorillaIT
WEM.io
Usoft
Cordys
Thinkwise
Servoy
Outsystems
AFAS
Mendix
IBM
Triggre
Genexus
Blueriq
Betty Blocks
42Windmills

User Type

1
1 4 25%
1 1 1 1
1 1
12 75%
1 1 1 1
1 1 9 56%

Legend:
Adverse side effect
Total statistics

Figure B.8: The user types per MDEE before validation

Figure B.9: The transformation process of Blueriq before validation

Appendix C

Advantages and Disadvantages of
MDEE Design Decisions
C.1

Advantages and Disadvantages of Transformation Options

• Allow programming:
– Advantages: high expressibility
– Disadvantages: lack of necessity to use models, complicated migration
• Convert model to XML
– Advantages: Higher portability
– Disadvantages: Complicates and slows down transformation process
• Interpreter
– Advantages: Code is untouchable for end users
– Disadvantages: Code is untouchable for end users
• Generator:
– Advantages: Code is touchable for end users
– Disadvantages: Code is touchable for end users
• Two step generation:
– Advantages: Higher quality code, weave in manual created code, create PSMs
– Disadvantages: complicates and slows down generation process
• Plug & play architecture:
– Advantages: Highly modifiable transformation architecture
– Disadvantages: Complicates transformation process severely, limits possibilities due
to required openness
• Multiple stacks:
– Advantages: Higher portability, serve more clients
– Disadvantages: Complicates transformation process, increases maintainability work
of MDEE for every supported stack
• Support native application development :
– Advantages: Higher portability, serve more clients
– Disadvantages: Complicates the transformation process.
• XML as data storage:
– Advantages: Increased data persistency
– Disadvantages: No database functionality
• Store model locally
– Advantages: Quicker model interpretation
118
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– Disadvantages: Additional step in interpretation process
• Runtime flow modeling:
– Advantages: Same flow engine for different technical stacks, ability to model flows at
runtime.
– Disadvantages: Requires both a generator and interpreter, which increases transformation complexity

C.1.1

Advantages of generators according to den Haan (2010)

• It protects your intellectual property. “With code generation you can generate an
application for a specific client. When using model interpretation you have to give your
client the runtime engine which allows him to implement a whole class of applications.”
• It can target your customers architecture. “When using model interpretation you
have to implement an interpreter following your own architecture of choice. In case of code
generation you can generate code precisely following the guidelines of your client(s).”
• The generated implementation is easier to understand. “You can look at the
generated code an directly understand the behavior of an application. In case of model
interpretation you have to understand the generic implementation of the interpreter and
the semantics of the model.”
• It is more iterative. “First you only generate parts of the code and other parts will be
implemented manually, later on you can extend your code generator to generate more parts
of the code. The same holds for your DSL. At first it can be low level to reflect the code
which will be generated. Later on you can tailor it more and more to domain experts by
raising the level of abstraction.”
• It provides an additional check by the compiler. “When you generate code, that
code needs to be compiled. This compilation step is an additional check as compilers will
check the generated code for errors. In case of an interpreter you will need to do these
checks yourself during the interpretation of the model or you need to create a tight coupling
between the modeling environment and its interpreter.”
• Debugging the generator itself is easier than debugging an interpreter. “if you
need to debug an interpreter you need conditional breakpoints all the time because the
interpreter code is generic.”
• changes in templates are easier to track. “code generation templates are just text
files, hence changes can be easy to track (e.g. by using a version control system). The
same holds for changes in the code of the interpreter, however, this code is generic and its
less clear what exactly has changed.”

C.1.2

Advantages of interpreters den Haan (2010)

• It enables faster change. “Changes in the model don’t require an explicit regeneration,
rebuild, retest, and redeploy step. This will lead to a significant shortening of the turnaround
time.”
• It enables changes at runtime. “Because the model is available at runtime it is even
possible to change the model without stopping the running application.”
• Easier to change for portability. “An interpreter in principle creates a platform
independent target to execute the model. It’s easy to create an interpreter which runs on
multiple platforms (e.g. multiple OS, multiple cloud platforms). In case of code generation
you need to make sure you generate code compliant to the platform. In case of model
interpretation, the interpreter is a black box, it doesn’t matter how it is implemented as
long as it can run on the target platform.”
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• Easier to deploy. “When code generation is used you often see that you need to open the
generated code in Eclipse or Visual Studio and build it to create the final application. In
case of model interpretation you just have to start the interpreter and put the model into
it.”
• Easier to update and scale. “It is easier to change the interpreter and restart it with
the same model. You do not have to generate the code again using an updated generator.
The same can hold for scaling: scaling an application means initializing more instances of
the interpreter, executing the same model.”
• It is more secure. “For example on a cloud platform you only need to upload your model,
there is no need to access the file system or other system resources. Only the code in the
interpreter can access system libraries. The interpreter provides an additional layer on top
of the infrastructure, everything underneath is abstracted away.”
• It is more flexible than code generation. “There are limits to template based code
generation. In these case you will get the need for helper files to extend the possibilities
of template based code generation. An interpreter can be less complex in these cases, and
often less code is needed to accomplish the same result.”
• Debug models are runtime. “While the model is available at runtime, it is possible to
debug your models by stepping through them at runtime (e.g. you can add breakpoints at
model level). This only holds for action languages, not for declarative languages (there
you’ll need static analysis). When debugging at model level is possible, domain experts can
debug their own models and adapt the functional behavior of an application based on this
debugging.”

Appendix D

Company Participation
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

COMPANY NAME
42windmills
AFAS
Betty Blocks
Blueriq
Formetis
Genexus
GorillaIT
IBM
Mendix
OpenText
OutSystems
Servoy
Thinkwise
Triggre
Usoft
WEM.io
AgileAppsLive
Isis Papyrus
Progress
Quintiq
Aptean
Be informed
Codeless
EMC
KANA
Kofax
Kodision
Logicblox
Oracle
Pegasystems
Salesforce
SAP
Visionwaves
Vitalhealth
Xebic
Whitestein

PRODUCT NAME
LEGEND:
42Windmills Designer
Participant
AFAS Next
No participant
Betty Blocks
Could not provide
Blueriq
enough information
Formetis
GeneXus Evolution
Robots
IBM Business Process Manager
Mendix Business Modeler
Cordys BPM
OutSystems Platform
Servoy Developer
Thinkwise Software Factory
Triggre
Usoft 9
WEM Enterprise Modeler
AgileApps Cloud
Papyrus Platform
Rollbase
Quintiq 5.0
Compiere ERP
Business Process Platform
Codeless Software Factory
DOCUMENTUM XCP
KANA Enterprise
Kofax TotalAgility
iSOLVE
Logicblox
Oracle BPM
Pega 7 Platform
Force.com
SAP Process Orchestration
Visionwaves Operational Intelligence
VitalHealth Platform
Xebic
Living Systems Process Suite

Table D.1: Accepted and rejected company participation
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Netherlands
U.S.A

Netherlands
Netherlands

Netherlands
Netherlands

Netherlands
Netherlands
Netherlands

Mendix
Outsystems

Servoy
Thinkwise

Triggre
Usoft

WEM.io
GorillaIT
ForMetis

Uruguay

GeneXus

U.S.A

Netherlands
Netherlands
Cananda

Betty Blocks
Blueriq
OpenText
Cordys

IBM

Netherlands

Netherlands

HQ location:

AFAS

Company
name:
42 Windmills
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1998
2004
1997

2013
1986

2001
2000

2005
2001

1911

1988

2008
1998
1991

1996

20
11
10

14
35

50
90

180
300

379600

400

15
25
600

360

NL
NL, UK, NO, DK,
USA, CA, ZA
NL
NL
NL

World Wide
NL

NE, UK, USA
World Wide

World Wide

World Wide

Europe
USA, UK, PL
World Wide

NL, BE

Founded Number of Active in:
in:
employees:
2010
10
NL

WEM.io
Robots
DEMO Engine

Servoy
Thinkwise Software
Factory
Triggre
Usoft 9

Mendix App Platform
Outsystems

IBM Process Manager

GeneXus

Betty Blocks
Blueriq
Cordys BPM

AFAS Next

42 Windmills Designer

Product name:

2014
2011
2008

2013
2009
Yes
Yes
Yes

Yes
Yes

Lead developer
CEO
CEO
Business developer

CTO
CTO

Product Original
Interviewee function:
started in: company:
2009
No
Lead Architect
CTO
2012
Yes
CIO
Manager Architecture &
Innovation
2008
Yes
CEO
1998
No
Product owner
2001
No
Vice President product
manager
Founder
1988
Yes
CEO BeNeLux
Business development
manager
1998
Yes
Software Solution
Architect
2005
Yes
CTO
2001
Yes
Pre-sales architect
Regional sales executive
1998
No
CEO
2000
Yes
CTO

2009 - now
2011- now
1997 - now
2011 - now

2013 - now
2001 - now

2005 - now
2005 - now
2005 - now
2001 - now
2004 - now

2007 - 2012

2001 - 2013
2000 - now
2008 - now

2008 - now
2012 - now
2007 - 2014

Employed
since:
2012 - now
2009 - now
1996 - now
2013 - now
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Company and Interviewee Details

Table E.1: Company and interviewee details

Appendix F

Modeling Elements
F.1

User Types

1
1

1
1 1

1
1 1

1
1

1

1

1 1

1 1 1

1 5 31%
9 56%
1 6%
1 1 8 50%

1 1
1

Table F.1: User types per MDEE
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Total (%):

Layman
Technical business user
SQL expert
Developer

Total:
Formetis
GorillaIT
WEM.io
Usoft
Cordys
Thinkwise
Servoy
Outsystems
AFAS
Mendix
IBM
Triggre
Genexus
Blueriq
Betty Blocks
42Windmills

User Type

Legend:
Adverse side effect
Total statistics
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Data model elements

1
1
1
1
1
1
1
1
1
1
1
-

1
1
1
1
1
1
1
1
1
1
1
1
-

Occurrence:
Formetis
GorillaIT
WEM.io

1
1
1
1
1
1
1
1
1
1
1
1
1
1

Usoft
Cordys
Thinkwise

1
1
1
1
1
1
1
1
1
1
1
-

Servoy

1 1 1
- - - - - - - - - - 1 1 1
1 1 1
1 1 1
- 1 1 1 1 Gx 1
1 1 1
1 Gx - - 1 - - - 1 1 1 - 1 - - - - - 1
1 - -

Outsystems
AFAS

Mendix

Total:

IBM

Name
1 1
Delete behavior
- 1
Aggregation
- Process
- Non lexical object
- Lexical object
- Attribute
Name
1 1
is unique
1 1
Is required
- 1
Primary key
1 Default Value
- 1
Calculation
C# 1
Type
1 1
Validation
C# 1
Variable
- Relationship Name
- 1
Operator relationship - 1:N Relationship
1 1
1:1 Relationship
- N:N Relationship
- 1
Role
- Reference to
- Generalization
- -

Blueriq

Entity

Triggre
Genexus

Data model element

Betty Blocks
42Windmills

Data model
construct

1 1 1 1 1 1
1 1 - 1 - 1 - - - - - - - - - 1
- - - - - 1
- - - - - 1
1 1 1 1 1 1 1 1 1 1 1
JS 1 1 1 UI 1
- 1 - 1 - 1 1 1 1 1 1
JS C# 1 1 1 C#
1 1 1 1 1 1
JS C# 1 1 1 C#
1 - - - - - 1 - 1 - 1 - - - - - 1 - 1 - 1
- 1 - 1 - 1
- - - 1 - 1
- - - - - 1
- - - - 1 - 1 - 1 - 1

15
6
1
2
1
1
14
15
12
6
13
11
15
10
1
5
1
9
7
5
2
3
5

6 12 13 10 7 11 14 11 12 9 12 8 14 8 13 0 160

Table F.2: Data elements per MDEE

Legend:
Programmed
Modeled elsewhere
Does not have elements
Total statistics
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Data model element definitions

Data model
construct
Entity

Data model
element
Name

Definition

Aggregation

An aggregation is a data provider which represents a database column that is aggregated over a set of
records.
Indicates that the specific entity is the end result of a process. Therefor a process can be created for
the specific entity. For example, an invoice (process).
Utterable entity such as ISBN, IBAN etc (i.e. Entities with values).
Non utterable entities such as person and organization (i.e. Entities without values)

An entity represents a class of real-world objects, such as customers, invoices, work items, etc. An
instance of an entity is called an object. For example, the object representing the person 'Bob Marley'
could be an instance of the entity 'Person'.
Delete behavior Specifies how related entities respond to the deletion of a specific entity and/or attribute.

Process

Attribute

Lexical object
Non lexical
object
Name

Is required

Is bound to an entity and represents a small piece of information about that entity, such as the name
or birth date of a person.
Specifies whether the value of the attribute can only exist once amongst all instantiations of that
attribute.
Specifies whether the attrite is mandatory to have an value before it can be stored.

Primary key

An attributes that is required to be unique for each tuple (row) in a relation.

Default Value
Calculation

The standard value of an attribute unless changed by the (end)user.
The value of the attribute is calculated using calculations (expressions) and values from other
attributes.
Is a classification identifying one of various types of data, such as real, integer or Boolean, that
determines the possible values for that type; the operations that can be done on values of that type;
the meaning of the data; and the way values of that type can be stored.
Defines which possible values an attribute can have through an expression.
Variables are Data Providers which, unlike columns, calculations and aggregations do not bind to
any persistent, back-end data source. Instead, variables store data in-memory for the duration of the
client session only. However, variables may bind to UI components the same as any other data
provider.
Represents a bi-directional connection between two entities.
The nature of the relation between the source and destination tables is defined by one or more
Relation Items. Relation Items are expressions, each consisting of a pair of key data providers (one
from each table) and a single operator (=, >, <, !=, etc.) .
Relationship in which an instantiation of one entity is connected to multiple instantiations of an other
entity. For example, one professor can teach many classes.

is unique

Type

Validation
Variable

Relationship

Name
Operator
relationship
1:N
Relationship
1:1
Relationship
N:N
Relationship
Role
Reference to
Generalization

Relationship in which an instantiation of one entity is connected to one instantiations of an other
entity. For example, one professor has one (official) adress.
Relationship in which many instantiations of of one entity are connected to many instantianions of
an other entity. For example, one professor has one (official) adress.
Indicates what role an object or entity places in the excistence of another object or entity.
Indicates that 2 entities have a relationship, without defining multiplicity.
Represents a part whole or part-of relationship, where the part-of entity shares a(n) (set of) attribute
with the part whole entity.

Table F.3: Data elements definitions
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Attribute types

1
1

1

1
1

1
1

1

1
1
1
1
1
1
1
1
1

1

1
1
1
1
1
1
1
1
1
1

1

1

1

1

1
1
1
1

1
1

1

1

1
1

1

1

1

1
1

1

1

1
1

1

1
1

1
1

1
1
1

1
1
1
1
1

1
1

1
1 1
1 1

1
1

1

1
1

1

1
1

1
1

1
1
1

1

1
1

1
1

1
1
1
1
1
1

1

1

1

1

1

1

1

1
1
1
1
1
1
1

1

1
1

1
1
1
1

Table F.4: Attribute types per MDEE page 1

1

1
1

1

Total:

GorillaIT

1

Formetis

WEM.io

Usoft

Cordys

Triggre

Servoy

Thinkwise

Outsystems

IBM

Mendix

Genexus
Blueriq

AFAS

Date and time

Adress
Char
Clob
Email adress
Email message
Long text
Long varbinary
Long varchar
nChar
nClob
nText
nVarchar
nVarchar2
Only digits
Only digits, exactly 4 digits
Only digits, minimum 4 digits
Only digits, maximum 4 digits
only digits, between 4 and 8 digits
Only letters and spaces
Only capital letters
Password
Rich Text
String
Text (multiline)
Uni Long VAR Char
URL
VAR Char
VAR Char2
Barcode
Blob
Date
DateTime
Day of the week
Duration
Factor
Longraw
Period
Period in days
Period in days or months
Period in years and months
Period Number
Time
Time on a day
Timestamp
Start/end date
Start/end time
Small DateTime
Minutes
Audio
Code
File
File link
Image

Betty Blocks

Characters/Text

Attribute type

42Windmills

Attribute type
category

Files
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1
2
1
5
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
5
5
10
1
3
2
1
1
2
12
15
1
3
1
1
1
1
1
1
1
4
1
2
1
2
1
1
1
1
5
1
6
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Image link
Multi file
PDF
Signed PDF
Video
Numeric
Amount
Autonumber
Big integer
Binary
Byte
Count
Decimal
Double
Double precision
Float
Integer
Long
Money
Numerator
Numeric
Percentage
Phone number
Phone number (international)
Raw
Real
Short
Unsigned big integer
Unsigned integer
Unsigned small integer
Sequence number
Small integer
Small money
Sum
Tiny int
VAR Binary
Numeric and textual Color
Global Unique Identifier
Enum
Iban
List
Zipcode
Two value elements Boolean
Check box
Multiple Choice
Radio button horizontal
Radio button vertical
Unit
Currency
Energy
Length
Fixed length
Large length
Variable length
Number in unit of choice
Price
Price in valuta
Surface area
Temperature
Unit
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1
1
1
1
1
1
1

1

1

1

1

1

1

1
1
1

1
1
1

1

1

1

1
1
1
1

1
1

1
1
1

1

1
1

1
1

1

1

1
1
1
1
1
1

1

1

1
1

1
1
1
1

1
1
1
1

1 1
1

1
1

1

1

1

1
1
1
1
1
1
1
1

1
1
1

1

1
1

1

1

1
1
1
1
1
1

1
1

1
1
1
1

1
1 1

1

1

1

1

1

1

1

1
1

1

1

1
1
1

1

1

1

1

1
1
1

1

1
1
1

1
1
1
1
1
1
1
1
1

1
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1
1
1
1
1
1
5
1
3
2
1
9
2
3
4
11
3
2
1
6
3
3
1
1
1
1
1
1
1
1
2
1
1
2
1
1
1
3
1
6
2
13
2
2
1
1
5
1
1
1
1
1
1
1
2
1
1
1
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No category
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Volume
Weight
Concept
Concept set
Font
Grouping calculation
Nothing
Object
Object ID
OLE object
Row ID
Setting
Signature
Slider
Total functional types:
Total inbetween types:
Total non-functional types
Total:

1
1
1
1
1
1
1
1
1
1
1
1
1
1
17
5
5
27

44
7
5
56

23
8
5
36

8
3
4
15

8
2
6
16

15
3
9
27

12
6
7
25

13
4
4
21

5
3
2
10

20
7
1
28

Legend:
Functional types
Inbetween types
Non-functional types
Does not have elements
Total statistics
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9
5
4
18

33
6
29
68

6
3
5
14

1
1
1
1
1
1
1
1
1
1
1
1
1
1

5 30 0 248
6 7 0 75
3 14 0 103
14 51 0 426
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Attribute type definitions

Attribute type Attribute type
category
Characters/Text Adress
Char
Clob
Email adress
Email message

Definition

Long nvarchar
Long text
Long varbinary
Long varchar
nChar
nClob
nText
nVarchar
Only digits
Only digits, exactly 4 digits
Only digits, minimum 4 digits
Only digits, maximum 4 digits
Only digits, between 4 and 8
digitsletters and spaces
Only
Only capital letters
nVarchar2
Password
Rich Text
String

Text (multiline)

Date and time

URL
VAR Char
VAR Char2
Blob
Date
DateTime
Day of the week
Duration
Factor
Period
Period in days
Period in days or months
Period in years and months
Period Number
Time
Time on a day

Can only hold a number that matches the syntax of a (dutch) adress.
Fixed-lenght string data with a max. lenght of 8.000 characters.
Fixed-lenght string data with a max. lenght of 2.147.483.647 characters.
Holds a sequence of characters that follow the syntax of an e-mail adress.
Holds up to 4 GB of character data. It's similar to a CLOB, but characters are
stored in a NLS or multibyte national character set.
Variable width unicode character string. Maximum 32.700 characters.
Holds a string with a maximum length of 4.294.967.295 characters.
Variable lenght binary data. Maximum 8.000 byte.
Variable width character string. Maximum 32.700 characters.
Fixed-length unicode string data with a maxium lenght of 4000 characters.
Fixed-length unicode string data with a max. lenght of 2.147.483.647
characters
Variable-length unicode data with a maximum string length of 2^30 - 1
(1,073,741,823) bytes.
Variable-length unicode string data with a maximum string length of 2000
characters.
Only allows digits.
Only allows 4 digits.
Only allows a minimum of 4 digits.
Only allows a maximum of 4 digits.
Only allows a minimum of 4 digits and a maximum of 8 digits.
Only allows letters and spaces.
Only allows capital letters.
Variable-length unicode string data with a maximum string length of 4000
characters.
Hides the characters entered and replaces them with asterisks(*).
A textbox to use HTML on a page.
Holds a sequence of zero or more unicode characters. It holds text up to 255
characters. If this field needs to hold more than the 255 characters use the
“Text (multi-line)” property.
Holds the same properties as a String type but can hold large amounts of
characters.
Holds a sequence of characters that follow the syntax of a URL.
Variable width character string. Maximum 2,000 characters.
Variable width character string. Maximum 4.000 characters.
Binary data with a maximum of 65,535 bytes.
Saves a date. It’s been set to a standard form of Day-Month-Year.
Saves a date with a timestamp. It’s been set to a standard of Day-Month-Year
Hour-Minute-Second.
Holds a day of the week (Monday, Tuesday, Wednesday, Thursday, Friday,
Saturday or Sunday).
Holds a duration value expressed in hours and minutes.
Holds a number that acts as a factor during calculations.
Holds one or more period values specified by the user (days, weeks, months,
years).
Holds a period value expressed in a number of days.
Holds a period value expressed in a number of days or months.
Holds a period value expressed in a number of months and years.
Used to indicate the number of a specific period. For example, in the context
of a year, the number 6 would indicate the 6th month.
Store a time only to an accuracy of 100 nanoseconds.
Holds a time value expressed in hours and minutes.
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Timestamp

Start/end date
Start/end time

Files

Small DateTime
Minutes
Audio
Code
File
File link
Image

Numeric

Image link
Multi file
PDF
Signed PDF
Video
Amount
Autonumber

Big integer
Binary
Byte
Count
Decimal
Double

Double precision

Float
Integer
Long
Longraw
Money

Numerator
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Stores a unique number that gets updated every time a row gets created or
modified. The timestamp value is based upon an internal clock and does not
correspond to real time. Each table may have only one timestamp variable.
Holds a start and end date, and performs checks to ensure that the end of
period cannot be before the start of the period.
Holds a start and end time, and performs checks to ensure that the end of
period cannot be before the start of the period.
From January 1, 1900 to June 6, 2079 with an accuracy of 1 minute.
Stores time in minutes.
Holds an uploaded sound in the traditional sound formats such as .mp3 and
.wav.
Holds Java or C# code to calculate or make expressions to determine the
value.
Holds an uploaded file of any format.
Holds a URL to a file.
Holds an uploaded image in the traditional image formats such as JPG and
PNG.
Holds a uRL to an image in a traditonal file format such as .PNG and .PNG.
Holds multiple files of any format.
Holds a generated .pdf file.
Holds a PDF file that was digitally and automatically signed.
Holds an uploaded video in a traditional video format such as .mov and .mp4.
Indicates the amount of something, without binding to a specific measure.
A positive or negative whole number. AutoNumber attributes are
automatically generated numbers. The default value of the attribute
determines the first number that will be generated. Each created object will
have an AutoNumber that is one greater than the previous one.
AutoNumbers can only be used for persistable entities as the AutoNumber
value is computed in the database.
A whole number that can be negative (no decimals). Allocates as much
memory as needed to hold all the bits of data is asked to hold.
Binary data. Can only be used for persistable entities as the data is stored in
the database. For example an entire file.
Any, non-decimaul number. Minimum: -128 Maximum: 127.
Counts the number of records from a collection.
Number with a decimal point. Minimum: 1.4E-45 Maximum: 3.4028235E+38.
Holds signed 64-bit (8-byte) double-precision floating-point numbers that
range in value from -1.79769313486231570E+308 through 4.94065645841246544E-324 for negative values and from
4.94065645841246544E-324 through 1.79769313486231570E+308 for
positive values. Double-precision numbers store an approximation of a real
number.
Number with a decimal point. More digits after the decimal point allows for
more precision than a single-precision decimal does. Minimum: 4.9E-324
Maximum: 1.7976931348623157E+308.
Stored as a four-byte, single-precision, floating-point number. It represents a
single-precision 32-bit value.
A whole number that can be negative. Maximum: 2.147.483.647. Minimum: 2147483648.
A whole number that can be negative. Minimum: 9.223.372.036.854.775.808. Maximum: 9.223.372.036.854.775.807.
Variable length binary data with a maximum size of 2.000 bytes.
Data values from -2^63 (-922,337,203,685,477.5808) through 2^63 - 1
(+922,337,203,685,477.5807), with accuracy to a ten-thousandth of a
monetary unit.
An autonumber in which the user can define a formula that regulates the
starting values and intervals.
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Numeric

Percentage
Phone number (international)
Phone number
Raw
Real
Short
Unsigned big integer
Unsigned integer
Unsigned small integer
Sequence number
Small integer
Small money
Sum
Tiny int
VAR Binary
Barcode
Numeric and
textual

Color
Enum
Global Unique Identifier
Iban
List

Zipcode
Two value
elements

Boolean
Check box
Multiple Choice

Unit

Radio button horizontal
Radio button vertical
Currency
Energy
Length
Fixed length
Large length
Variable length
Number in unit of choice
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Represent numbers as large as 1.79E+308 (positive or negative) with an
accuracy of about 15 digits, and as small as 1E-323. The Number type can
also represent NaN(Not a Number), positive and negative infinity, and
positive and negative zero.
This number represents a percentage.
Only contains numbers that follow the syntax of a international
representation of a dutch phone number.
Can only hold a number that matches the syntax of a phone number.
Variable length binary data with a maximum size of 2.000 bytes.
Number with a decimal point and no thousands seperator. Minimum:8,98846567E+307. Maximum: 8,98846567431157E+307.
A whole number that can be negative (no decimals). Minimum: -32.768
Maximum: 32.767
A whole number that cannot be negative (no decimals). Allocates as much
memory as needed to hold all the bits of data is asked to hold.
A whole number that cannot be negative. Maximum: 2.147.483.647.
Minimum: 0.
A whole number that cannot be negative. Maximum: 32.767. Minimum: 0.
AIndicates the sequence in which elements and attributes should be
processed. A 1 indicates it should be processed first, then 2, etc.
A whole number that can be negative. Minimum: -32.768. Maximum: 32.767.
Monetary data values from -214,748.3648 through +214.748,3647, with
accuracy to a ten-thousandth of a monetary unit.
Sums all the values of a property.
Holds a whole number that cannot be negative. Maximum: 255.
Variable-length binary data with max storage size of 2^31-1 bytes.
Can only hold a number that matches the syntax of barcode standards such
as EAN13, EAN14, EAN8, SSCC, UPC, code 128 and Interleaved 2/5.
Holds a combination of text and numbers that matches the syntax of HTML
color codes.
Holds the value of one of the values given within the enumeration.
Holds a 128-bit value as a 32 hexadecimal digit.
Contains validators that make sure the data inserted had the same properties
as a normal IBAN number.
Holds your constants and lets you use this as an options box. You can enter
the values and the data of the list so it will only be able to become any of the
presented values.
Only allows a combination of 4 digits and 2 letters, that follows the syntax of
a (dutch) zipcode.
Attribute can only have the value true or false.
A boolean that generates a clickable checkbox in the UI, which gives as text
output "true" or "false".
A list that generates clickable checkboxes in the UI, which present the
different values provided by the modeler.
Holds a list that will be presented as horizontal radio buttons in the UI.
Holds a list that will be presented as vertical radio buttons in the UI.
A positive or negative amount of money. The amount can have digits after
the decimal point.
Holds a number in mega- or kilowatt hour that acts as energy during
calculations. (Chosen by the user.)
Holds a number in meters or kilometers that acts as length during
calculations. (Chosen by the user.)
Holds a number in centimeters or meters that acts as length during
calucation, and that will have the same value over its lifetime.
Holds a number in kilometers that acts as length during calculations.
Holds a number in centimeters, meters or kilometers that acts as length
during calucation, and that will change over its lifetime.
Holds a number in a user created unit.
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Price
Price in valuta
Surface area
Temperature
Unit
Volume
Weight
No category

Concept
Concept set
Font
Grouping calculation
Nothing
Object
Object ID
OLE object
Row ID
Setting
Signature
Slider
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Holds a number in the valuta of the country the person is logging in from.
Holds a number in euros, dollars or pounds that acts as valuta during
calculations. (Chosen by the user.)
Holds a number in square meters or hectare that acts as surface during
calculations. (Chosen by the user.)
Holds a number in celsisus that acts as temperature during calculations.
Holds a number that acts as energy, surface area, temperature, lenght,
weight or currency during calculations. (Chosen by the user.)
Holds a number in liters or cubic meters that acts as volume during
calculations. (Chosen by the user.)
Holds a number in grams, kilograms or tons that acts as weight during
calculations. (Chosen by the user.)
A data element that is part of a user created ontology.
A collection of concepts.
Holds a font in one of the traditional font formats such as OpenType,
PostScript or TrueType.
Performs a SUM, Average, Number, Maximum or Minimum calculation on a
predefined group of entities.
No value. Can only be used as the return type of a microflow.
A single object of a specific entity.
Assigns a unique ID number to a a database object.
Creates an object that can implement interfaces to export their functionality.
Assigns a unique ID number to a database row.
Defines that the value of an other attribute is dependant on an attribute
value from a different entity.
Holds a digital signature that can be used to (digitally) sign documents.
Holds a range of numbers that will be presented as a slider in the UI.
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F.3

Processes/Workflows

Before Triggers

After triggers

Other

Aggregates

Artifacts

Attribute

Calculations

CMIS
Decision

Excel
Error

Flow element
Before record is created
Before record is destoryed
Before record is matched
before record is saved
Before record is updated
Before record is validated
Before validation on create
Before validation on update
Record is created
Record status changes
Record is assigned
Record attributes change
Record is deleted
Record is matched
Record is saved
Record is updated
Interface
Mail event
Manual
SOAP call
Scheduled
Aggregate create
Aggregate read
Aggregate update
Aggregate delete
Assign task
Data object
Input data object
Output data object
Text annotation
Change attribute
Clear attribute
Assign attribute value
Advanced attribute calculation
Group
Local variable
Append text
Take sum
Take average
Take total
Take maximum
Take minimum
CMIS document manager
CMIS get document metadata
Exclusive gateway
Inclusive gateway
Store decision
Record list to Excel
Excel to record list
Raise error
Error handler
End error event

1
1
1
1
1
1
1
1
1 1
1
1
1
1 1
1
1
1

?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?

1
1

1 1
1 1 1
1
1 1
1
1
1
1
1
1

1
1 1
1 1
1

1
1
1

1

1

1

1
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Total:

Flow element type

Form
Gorill
WEM.
Outsy
Mend
AFAS
Think
Servo
Usoft
IBM
Cordy
Gene
Triggr
Blueri
Betty
42Wi

Flow type
construct
Triggres

Workflow
actions
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?
?
?
?
?

1
1
1
1
1
1
1
1
2
1
1
1
2
1
1
2
1
2
3
1
3
1

?
?
?
?
? 1
? 1 1
?
1
1
? 1
?
?
?
1
?
?
1
?
? 1
? 1
? 1
? 1
? 1
?
?
? 1 1
1
?
?
1
?
1
?
1
?
1
?

1
1
1
1
1
2
1
1
3
3
2
2
1
1
1
1
1
1
1
1
1
1
6
1
1
1
1
1
1
1

1
1
1

1

1

Appendix F. Modeling Elements
File delete
File download browser
File download user location
File get metadata
File move
File update metadata
Form
Show in content form
Show pop-up form
Show blocking pop-up form
Close form
Generate
Generate HTML document
PDF generate
PDF merge
Get
Get case info
Get task info
Import
Import data
Import XML document
Intermediate events Intermediate break event
Intermediate continue event
Intermediate error event
Intermediate postpose event
Intermediate stay-on-page event
Intermediate tracking event
Log in/Log out
Login
Login password
Logout
Loop
Loop
For each
Sub flow
List
Add to list
Create list
Discard all database list changes
Remove from list
Replace from list
Clear list
List append
List duplicate
List union
List intersection
List substraction
List contains
List equals
List find
List filter
Save database list changes
Sort list
Message
Throw message event
Show information message
Show warning message
Show error message
Validation feedback
Page
Page
Page heritage
Permission
Check permission action
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File

1

1
1
1

1
1

1
1
1

1

1
1
1
1

1 1
1 1 1 1
1 1 1

1

1

1

1
1
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?
?
?
?
?
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1
1

1
1
1
1
1

1
1
1

1
1
1
1
1 1
1 1 1
1
1 1
1
1
1
1 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
6
7
1
2
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
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Programmed
Query
Row

Rules

Service integration

Server/client

Start/end

Task

Tenant

Grant permission
Revoke permission
Integrated security check role
Integrated security get details
Business logic
Call Java action
Query
Advanced query
Add row
Add or update row
Cast
Get row
Get row for update
Update row
To first row
To next row
To previous row
To last row
Delete row
Delete multiple rows
Assign row values
Reset row positions
Roll-back row
Retrieve row
BAL rule
Decision table
JRules decision table
Blinker
Content integration
CSV connectivity service
Exact online xml
HTTP request
REST request
SOAP request
Twinfield
Web service integration
Client certifacte get details
Client certificate value
Client side script
Server script
Server scriptlet
Sftp upload
SQL connectivity service
End flow
Start case process
Start flow
Modify task
Next task for case
Next task for message event
Perform task
Postpone task
Task status
Tenant create
Tenant deploy
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1
1

1 1 1 1

1 1 1 1

1 1 1
1

1
1
1
1
1
1
1
1
1
1 1 1
1
1

1
1
1
1
1
1 1 1 1
1

1

1
1
1
1
1
1
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1
1
1
1
1
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1
7
1
1
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1
6
1
1
1
1
6
1
1
1
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1
1
1
1
1
1
3
1
4
1
1
1
1
1
1
1
8
1
3
1
1
1
1
1
1
1
1
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Timer
No category

UI flow

Arrow

Filters

Go to
List
Open/close

Refresh
Report
Row

Start/end
No category

Process/Case
actions

Activities

Tenant invalidate cache
Create followup
1
Wake
Flow
1 1 1 1
Abort transaction
Activate instance
1
Audit action
Commit transaction
Dashboard throw portal message
1
Document renderer
1
Export
1
Inbound SMS get details
Invite
1
Invoke UCA
Notify widget
Referenced actions
Send email
1 1 1 1
Set current locale
Succes
Failure
Always
Filter
Pre-filter on/off
Standard filters on/off
Go to document
Go to subject
Activate list
List edit mode on/off
Close document
Open file
Open URL
Refresh everything
Refresh subject
Print report
Export report
Add row
Update row
To first row
To next row
To previous row
To last row
Delete row
Start flow
End flow
Activate form
Execute task
Export
Import data
Perform manual task
Send email
Timer
Zoom in
Adhoc human task
1
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?

1
1 1 1
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?
1
?
?
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1
?
?
?
1
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1
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1

1

1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
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1
1
1
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1
1
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1
1
4
1
1
1
1
1
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1
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Adhoc sub-process
Automated task
Case
Embedded sub-process
Human task
Phase
Process
Reusable sub-process
Script task
Intermediate events Adhoc conditional intermediate
event
Adhoc message intermediate
Adhoc timer intermediate event
Catch link intermediate event
Catch message intermediate
Catch signal intermediate event
Conditional intermediate event
Content intermediate event
Send email event
Throw compensation
Throw Link intermediate event
Throw signal intermediate event
Throw message intermediate
Non-specified intermediate event
Timer intermediate event
Boundary events
Compensation boundary event
Cancel boundary event
Conditional boundary event
Content boundary event
Error boundary event
Signal boundary event
message boundary event
Timer boundary event
Boundary noninterupt events

Gateways

Start event

End event

Non-interrupt conditional
boundary event
Non-interrupt signal boundary
event
Non-interrupt catching message
boundary event
Non-interrupt timer boundary
event
Event gateway
Exclusive gateway
Inclusive gateway
Parallel gateway
Content start event
Error start event
Message start event
Regular start event
Signal start event
Timer start event
Cancel end event
Compensation end event
Error end event
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1
1
1
1
1
1

1 1
1
1 1
1 1

1
1
1
1

1 1 1
1
1
1
1

1
1
1

?

1

1

?

1

1

?

1

1

?
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1
1
1 1 1
1 1 1
1 1 1
1
1
1 1 1
1 1 1
1
1
1 1
1 1
1 1
1 1 1

?
?
?
?
?
?
?
?
?
?
?
?
?

1

1
1
1

1
1

1
1

1

1 1
1
1
1

1

1

1
5
3
4
6
1
5
4
2
1

1 1
1
1
1 1
1
1 1 1
1
1
1
1
1 1 1
1
1 1
1 1

1

1

?
1 ?
?
?
?
?
?
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?
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?
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Artifacts

Loop
Flow

Case

Event

Follow-up activities

Case file

DEMO

Transaction

Process

Legend:
Does not have
elements
Total statistics

Message end event
Regular end event
Signal end event
Terminate end event
Group
Lane
Pool
Text annotation
Simple loop
Multi-instance loop
Default flow
Exception flow
Sequence flow
State
Initial state
Final state
Document Received Event
Transistion
Automatic transisition
State entry
Automatic follow-up connector
Manual follow-up connector
Intermediate follow-up connector
Free follow-up activities
Case data
Case identifier
Case variable
attachment
Actor
Composite actor
Executor
Initiator
Organizatonal boundary
Transaction
Coordination act
Coordination fact
Product act
Product fact
Execution
Results
Causal link
Conditional link
External activation
Self-activation
Responsibility area
Multiplicity
Total:
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1
1

1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1

1 1
1 1

1
1 1
1 1
1
1
1
1
1
1
1
1

?
?
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?
?
?
?
?
?
?
?
?
?
?
?
?
?
?

1
1
1
1

?
?
?
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1
1
1
1
1

?
?
?
?
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1 1
1 1

4
5
1
3
1
3
1
4
4
3
3
3
3
2
2
2
1
2
1
1
1
1
1

1

1 1

1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

15 42 68 15 45 42 61 0 0 35 0 51 58 23 5 18 478
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F.3.1
Flow type
construct
Triggres

Process/Workflow element definitions
Flow element
category
Before Triggers

After triggers

Other

Flow element

Definition

Before record is
created
Before record is
destoryed
Before record is
matched
before record is
saved
Before record is
updated
Before record is
validated
Before validation on
create
Before validation on
update
Record is created
Record status
changes
Record is assigned

The workflow will be triggered before a new record is saved.

Record attributes
change
Record is deleted
Record is matched
Record is saved
Record is updated
Interface
Mail event
Manual

Workflow
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Aggregates

Artifacts

SOAP call
Scheduled
Aggregate create
Aggregate read
Aggregate update
Aggregate delete
Assign task
Data object
Input data object
Output data object
Text annotation

Attribute

The workflow will be triggered before a record is deleted from the database.
The workflow will be triggered before a record matches an existing record.
The workflow will be triggered before a record is saved.
The workflow will be triggered before a record is updated.
The workflow will be triggered before the validation is ran.
The workflow will be triggered before the validation is ran on a new record.
The workflow will be triggered before the validation is ran on an existing record.
The workflow will be triggered after a new record is stored.
The workflow will be triggered after a record status is updated.
The workflow will be triggered after a record status is assigned a value for the first
time.
The workflow will be triggered after an attribute of a record is updated.
The workflow will be triggered after a record is deleted.
The workflow will be triggered after a record matches an existing record.
The workflow will be triggered after the record is saved.
The workflow will be triggered after an existing record is updated.
This workflow will be triggered after a user clicks on a specific button specifically
created for one workflow.
This workflow will be triggered when an email is send from the application.
This workflow will be triggered manually, commonly by pressing a button in the
UI.
The workflow will be triggered after a SOAP call has been made to the application.
This workflow will be triggered on scheduled moments.
This types creates and stores an aggregate based on an aggregate definition.
This type reads an aggregate based on an aggregate type and ID.
This type updates an aggregate based on an aggregate type and ID.
This type deletes an aggregate based on an aggregate type and ID.
This type assigns an active task to a specific user, team and/or role.
This type is a placeholder for data associated with cases, used by/assigned to
processes and tasks.
This type is used to send data to an action.
This type is used to return data from an action.
This type lets a user add information about the overal process diagram. Adding
notes helps other developers understand the design.
This type updates an attribute value.
This type removes the current value from an attribute.
This type assigns a value or field to an attribute on update.

Change attribute
Clear attribute
Assign attribute
value
Advanced attribute This types assign a value to an attribute based on an expression.
calculation
Group
This type can group your data when executed.
Local variable
This type creates a variable where the scope is the screen.
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Calculations

Append text
Take sum
Take average
Take total
Take maximum
Take minimum

CMIS

Decision

Excel

Error

File

Form

Generate

Get
Import

Intermediate
events
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This type adds text to the attribute name.
This type calculates the sum of all values of an attribute from the list of entities.
This type calculates the average of all values of an attribute from the list of
entities
This type calculates the total amount of entities in a predefined list.
This type calculates the maximum of all values of an attribute from a predefined
list of entities.
This type calculates the minimum of all values of an attribute from a predefined
list of entities.
This type stores, updates or deletes a document in the DMS.

CMIS document
manager
CMIS get document This type extracts the document metadata from the DMS and presents it on the
metadata
screen.
Exclusive gateway This type splits the action flow into several actions paths, depending on the
evaluation of an expression; only one of these actions paths is executed.
Inclusive gateway
With this type the process will follow one or more of the exits that are available.
Store decision
This type stores the value of the chosen attribute and the decision rule graph in
the traceability database.
Record list to Excel This type allows you to export the contents of a record list to an MS-Excel file.
Excel to record list This type allows you to import the content of an MS-Excel file.
Raise error
Error handler
End error event
File delete
File download
browser
File download user
location
File get metadata
File move
File update
metadata
Show in content
form
Show pop-up form
Show blocking popup form
Close form
Generate HTML
document
PDF generate
PDF merge
Get case info
Get task info
Import data
Import XML
document
Intermediate break
event

This type allows you to explicitly launch a user exception.
This type is used to handle exceptions by catching them and allowing you to
define a parallel error handling flow.
This type throws an error and ends the flow.
This type deletes a file from a storage system.
This type downloads a file to the location for temporary internet files and is shown
on a new page in the browser.
This type downloads a file to a location specified by the user.
This table retrieves some predefined metadata and unlimited custom meta-data,
given a connection and a file ID.
This type moves files from one storage system to another storage system.
This type updates the meta-data of a file.
This type opens a page that replaces the existing top-level page.
This type opens a page in a new dialog on top of the existing page(s).
This type opens a page on top of the existing page(s) and a hover, that makes it
impossible to nagigate to another page, is put on top of the underlying page.
This type closes the form that is opened last by the user that called the microflow
where this activity was used in.
This type generates a document of a certain type based on a template.
This type creates a .PDF file by using a template and variables.
This type merges multiple .PDF files into one .PDF.
This type retrieves actual information on a selected case.
This type retrieves information concerning the active task for displaying purposes.
This type is used to import data.
This type saves the data stored in XML document in the structure defined domain
model of the database.
This type is used to stop iterating over the list of objects and continue with the
rest of the flow. Can only be used inside loops.
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Intermediate
continue event
Intermediate error
event
Intermediate
postpose event

Log in/Log out

Loop

List
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This type is used to stop the current iteration and start the iteration of the next
object. Can only be used inside loops.
This type catches errors and receives error data from the service to which it is
attached.
This type postpones work on a specified task for later completion. It halts the
exeuction of the task and keeps the task in a suspended state until it can be
resumed at a later moment.
Intermediate stay- This type loops the service back to the previous running page without drawing a
on-page event
connection to it. Additionally, this type returns the control back to the page, so
that any variable updates made since the boundary event for the page are
refereshed on the same user interfadce page.
Intermediate
This type indicates a point in a service at which you want the IBM Business Process
tracking event
Manager to capture the runtime ata for reporting purposes.
Login
Thist type logs a specified user in the system. The last login information is
updated. All the persistent permission areas are loaded with the respective grant
or revoke.
Login password
This type logs a specified user in the system. All the persistent permission areas
are loaded with the respective grant or revoke.
Logout
This type ogs out a specific user. All the permission areas associated with UserId
are revoked. This user can only access the Anonymous permission area, which
does not require authentication. The login information, such as UserId and
UserName session variables, are cleaned.
Loop
This type allows a user to repeat a (part of the) workflow multiple times,
depending on a (caluclated) variable.
For each
This type allows a user to repeat a (part of the) workflow multiple times,
depending on the number of occurences of an entity.
Sub flow
This type will start another flow inside the current flow.
Add to list
This type adds a value to a selected list.
Create list
This type creates an empty list of variables.
Discard all database This type discards all session changes, without saving to the database.
list changes
Remove from list
This type removes a selected value from a selected list.
Replace from list
This type empties the entire list and subsequently adds the value to the list.
Clear list
This type clears the entire list.
List append
This type adds a record to the end of a record list. The input record list is
effectively modified but the current record of this list is not changed.
List duplicate
This type duplicates the contents of a record list into another record list.
List union
This type merges two lists and subsequently removes duplicates.
List intersection
This type compares two lists and returns a new list that contains all elements
present in both (compared) lists.
List substraction
This type searches and removes specific entities from the list.
List contains
This type checks whether one or more entities are present in the list. Returns a
TRUE/FALSE.
List equals
This type compares two lists and checks whether the lists contain the same
elements. Returns a TRUE/FALSE.
List find
This type checks and returns the first entity of which the attribute has the given
value.
List filter
This type checks and returns all the entities of which the attribute has the given
value.
Save database list
This type saves all sesion changes to the database.
changes
Sort list
This type sorts the list based on a number of attributes.
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Message

Page
Permission

Throw message
event

Revoke permission
Integrated security
check role
Integrated security
get details

Query
Row

This type throwns a message event towards the process engine. You can select a
message event which you have previously defined in the process module. For
every defined data field, you can define an expression to fill the field with
information. The context of this expression is the module in which you place this
service.
This type shows a message in a blue frame and with information icon.

Show information
message
Show warning
This type shows a message in a yellow frame and with warning icon.
message
Show error message This type shows a message in a blue frame and with error icon.
Validation feedback This type displays a red text below a widget that displays an attribute or
association.
Page
This type displays a (pre-build) interface that allows users to execute human tasks.
Page heritage
This type displays a (pre-build) interface that cannot contain parts of other pages.
Check permission
This type verifies whether a specific user has access rights to the corresponding
action
permission area.
Grant permission

Programmed
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This type assigns the corresponding permission area to a specific user, i.e. the user
can access all the screens associated with that permission area. If the permission
area is not persistent, the grant only lasts while the session lasts or until a revoke
is explicitly made. This built-in action is provided once the permission area is
created.
This type denies acces for a specific end-user to a specific permission area
This type verifies whether the current Windows user has access to a specific role.

This type gets information about the current Windows user that made the
request. If the information is not available, i.e. the user is not authenticated in the
Windows system, all the boolean output parameters return false and the
username is "".
Business logic
This type executes manual coded business logic.
Call Java action
This type calls a Java action. Arguments can be passed to the action and the result
can be stored in a variable.
Query
This type executes a query on the application database.
Advanced query
This type executes a SQL statement on the application database.
Add row
This type creates rows, and assigns attributes according to arguments of the
action.
Add or update row This type creates a row. If the row already exist, its attributes are updated with
the arguments of the action.
Cast
This type can be used in combination with an inheritance split to use the
specialized members of the entity.
Get row
This type gets and present a row from the database with a specific identifier.
Get row for update This type gets a row from the entity with a specific ID and locks it, preventing othe
rprocesses from accessing this record.
Update row
This type updates a specific record of the row.
To first row
This type makes the first row the current row (in the UI).
To next row
This type makes the next row the current row (in the UI).
To previous row
This type makes the previous row the current row (in the UI).
To last row
This type makes the last row the current row (in the UI).
Delete row
This type deletes an entity, including all the values.
Delete multiple
This type deletes multiple rows, including all their values.
rows
Assign row values
This type assign values from property fields, to other property fields.
Reset row positions This type resets the row position to the one that was first initiated.
Roll-back row
This type undoes changes that were made to the entity in part of the microflow
preceding the activity.
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Retrieve row
Rules

Service
integration

Server/client

This type gets one (or more) associated entities of another entity. Furthermroe,
the activity can also get one (or more) entities directly from the database.
BAL rule
This type uses the Business Action Language (BAL) Rule component to author
business rules using natural language technology.
Decision table
This type determines the value of a condition based on a decition table.
JRules decision table This type includes decision services available on an ILOG Jrules Rule Execution
Server
Blinker
This type has a connection to Google Analytics and will check for specified data.
Content integration
CSV connectivity
service
Exact online xml
HTTP request
REST request
SOAP request
Twinfield
Web service
integration
Client certifacte get
details
Client certificate
value
Client side script

Server script
Server scriptlet

Start/end

Task

Sftp upload
SQL connectivity
service
End flow
Start case process
Start flow
Modify task
Next task for case

Next task for
message event

Perform task
Postpone task
Task status

This type is used to integrate the process with an IBM CMS.
This type connects to an external data source. In this case the data is stored in a
.CSV (tekst) file.
This type can execute an action inside the exact online environment.
This type is used to get or post data by using a HTTP request.
This type makes a REST request.
This type makes a SOAP request.
This type can connect to Twinfield.
This type runs an external web service, it enables you to supply a WSDL URL and
then use any of the available services.
This type gets the relevant information for the current request client certificate
from the .NET framework.
This type allows a user to access a specific property of the client certificate in the
.NET framework.
This type is used when you want to add JavaScript code to run on the web
browser in the client-side human service context, for parsing variables, and
running programmatic commands.
This type is used when you want to write JavaScript to run on the IBM Process
Server in the service context.
This type binds blocks of formatted tekst (HTML, XML, XSLT etc.) directly to a
service variable.
This type uploads data to your server directories.
This type connects to an external database.
This type indicates the end of a workflow.
This type starts processing a specific case. Therefore the provided process must be
of a top-level process type. The service will start the process and create the case.
This type starts the workflow.
This type allows a user to modify a task at runtime.
This type determines if there is exactly one task available for the current user and
the active case. If there is exactly one task available for the case that the user is
working on, this task will be activitated and the service exits via the OneTask
event.
This type determines if there is exactly one task available fro the current user in
the case(s) affected by the earlier thrown message event(s). If there is exactly one
task available, this task will be activated and the service exists via the OneTask
event.
This type performs a batch task. This task can be predefined or manually
programmed.
This type halts processing without changing the status of a task. This component is
used for IBM heritage human services only.
This type determines the status of the active task. The status is returned in the
form of an even, which can be used to direct the page flow.
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Tenant

Tenant create

Tenant deploy

Tenant invalidate
cache
Timer

Create followup
Wake

No category

Flow
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This type creates a tenant and associates it with the provisioning site. It associates
the tenant with the provisioning site, but the tenant cannot yet be used; you must
deploy it afterwards.
This type deploys the tenant, i.e. creates the tenant site; and its site properties are
fetched and stored in the cache of the eSpace. The site properties of the tenant
are stored in cache.
This type removes the elements that are in the cache of each front-end server.
Since the site properties are also kept in cache, this action also clears the site
properties values, which are reloaded from the repository.
This type sets a reminder (a notification for a certain data/time).
This type explicitly awakens a timer. If you wake a timer that is already running,
the second execution only starts after the first one has finished.
Indicates the direction in which the workflow will go.

Abort transaction

UI flow

Arrow

Filters

Go to
List

This type issues a rollback command that undoes all changes performed on the
database since the last commit. After an abort transaction, the action flow
continues and a new transaction starts.
Activate instance
This type actives a specific instance in a flow, which can then be used for display
on a page or used in conditions in subsequent flows or pages. The instance will
stay active as long as the flow of the active service is active. Once the flow has
been completed or aborted the instance will be removed from the instance stack,
just like any other instance might have been activated in that flow.
Audit action
This type allows a user to register information that can be presented in the service
center in the eSpace general log.
Commit transaction This type issues a database commit command that makes effective all changes
done on the database since the last commit. After a commit transaction, the
action flow continues and a new transaction is started.
Dashboard throw
This service throws a message to another widget via the message bus. The service
portal message
makes use of a predefined portal message.
Document renderer This type generates a Blueriq modeled document and places it in a Blueriq session.
Export
This type can export data when executed.
Inbound SMS get
This type returns information about the inbound SMS that is currently being
details
processed.
Invite
This type can invite a user to a task when executed.
Invoke UCA
This type invokes a undercover agent (a service to handle a message or content
event) from your service.
Notify widget
This type sends a notification to a web block widget. This action uses Ajax to send
a custom notification to the Web Block widget itself.
Referenced actions This type represent usable and linked elements from extensions and other
eSpaces.
Send email
This type sends an email.
Set current locale
This type sets the locale name of the user session. The locale name is used for
presentation purposes and follows the RFC 1766 standard format.
Succes
This type of arrow is followed when the previous action succeeded.
Failure
This type of arrow is followed when the previous action failed.
Always
This type of arrow is always followed.
Filter
This type filters the search results based on user provided criteria.
Pre-filter on/off
This type turns the pre-filters ON/OFF, depending on its previous state. Pre-filters
filter data results before standard filters and cannot be adjusted by the enduser.
Standard filters
This type turns the standard filters ON/OFF, depending on its previous state.
on/off
Go to document
This type open a predefined data view of rows.
Go to subject
This type opens a predefined tab.
Activate list
This type activates an edited list.
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Open/close

Refresh

Report
Row

List edit mode
on/off
Close document
Open file
Open URL
Refresh everything
Refresh subject
Print report
Export report
Add row
Update row

Start/end
No category

Process/pr Processes
ocess
actions

To first row
To next row
To previous row
To last row
Delete row
Start flow
End flow
Activate form
Execute task
Export
Import data
Perform manual
task
Send email
Timer
Zoom in
Adhoc human task
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This type turns the edit mode of a list ON/OFF, depending on its previous state.
This type closes the open document.
This type opens a predefined file.
This type opens a predefined URL.
This type refreshes the entire application when updates have been implemented.
This type refreshes the current subject (view) when updates have occured in the
data.
This type sents a .PDF document to the printer.
This type exports a .PDF report to an other program.
This type creates rows, and assigns attributes according to arguments of the
action.
This type creates a row. If the row already exist, its attributes are updated with
the arguments of the action.
This type makes the first row the current row (in the UI).
This type makes the next row the current row (in the UI).
This type makes the previous row the current row (in the UI).
This type makes the last row the current row (in the UI).
This type deletes an entity, including all the values.
This type starts the workflow.
This type indicates the end of a workflow.
This type activates and presents a data entry form to the user.
This type executes the active task.
This type can export data when executed.
This type is used to import data.
This type indicates that a user has to do something manually, not automatable by
the system.
This type sends an email.
This type triggers after a certain amount of time has passed.
This type allows a user to zoom in on data views.
This type requires a human action to be completed and does not require an
incoming flow to start.

Adhoc sub-process

Intermediate
events

This type includes a process inside the current process that does not require an
incoming flow to start.
Automated task
This type calls an (external) service to perform an automated task.
Case
This type allows a user to model a (dynamic) case opposed to a (static) busines
sprocess.
Embedded subThis type is a self contained set of activities that can only appear in one parent
process
process, and is not available for other processes.
Human task
This types requires a human action to be completed.
Phase
This type resembles a period of time within the entire process when the end user
is free to perform tasks that are applicable in that phase and contribute to the
goal of the phase. This type is the highest process-like abstraction.
Process
This type is a container for tasks and events.
Reusable subThis type is a self contained set of activities that can appear in multiple parent
process
processes when called.
Script task
This type uses (self written) Script (e.g. JavaScript, Genexus) to access and
manipulate data. The script type is different per MDEE.
Adhoc conditional This type functions as an adhoc start when a predefined condition is met that does
intermediate event not require an incoming flow to start.
Adhoc message
This type functions as an adhoc start when a specified message is received by the
intermediate event process engine and does not require an incoming flow to start.
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intermediate event
Catch link
intermediate event
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This type functions as a timed start within the context of a process/case, and does
not require an incoming flow to start.
This type is a mechanism for connecting an end event of one process to an
intermediate event in antother process. Paired intermediate events can also be
used as "Go To" objects within a process.
This type puts the process on hold untill a certain message is received.

Catch message
intermediate event
Catch signal
This type is used for recieiving signals. A signal is for general communication
intermediate event within and across process levels, across pools, and between busines sprocess
diagrams.
Conditional
This type puts the process on hold untill a condition (business rule) is met.
intermediate event
Content
This type catches or throws interactions (events) with an enterprise content
intermediate event management system.
Send email event
This type sends an email to one or more recipients.
Throw
This type throws a compensation event.
compensation
intermediate event
Throw Link
This type is a mechanism for connecting an end event of one process to an
intermediate event intermediate event in antother process. Paired intermediate events can also be
used as "Go to" objects within a process.
Throw signal
This type is used for sending signals. A signal is for general communication within
intermediate event and across process levels, across pools, and between business process diagrams.
There is a source of the signal, but not a specific intended target.
Throw message
This type sends a message to a participant (in the process).
intermediate event
Non-specified
This type is used for modeling methodologies that use events to indicate some
intermediate event change of state in the process.
Timer intermediate This type will be triggered on a specific TimeDate or a specific cycle.
event
Boundary events Compensation
This type is triggered by a compensation event after which the compensation
boundary event
activity associated to the event will be activated.
Cancel boundary
This type is triggered if a canceled end event is reached within the transaction
event
subprocess or if a transaction protocol "cancel" message has been received while
the transaction is being performed. It will sent a cancel message to any entity
involved in the transaction.
Conditional
This type will interupt the task it is attached to when the specified condition is
boundary event
changed and proceeds the process to an alternative flow.
Content boundary This type catches interactions with an enterprise content management system
event
relevant to the attached task. Supported events are document checked in,
document checked out, document check out canceled, folder or document class
changed, document classify completed, folder or document created, folder or
document deleted, folder filed, document frozen, folder or document locked,
document publish completed, document publish requested, folder or document
security updated, document state changed, folder unfiled, folder or document
unlocked, folder or document updated, document version demoted and
document version promoted.
Error boundary
This type reacts to a named error, or to any error if a name is not specified and
event
interrupts the activity it is attached to.
Signal boundary
This type is used for recieiving signals relevant to the task it is attached to. It
event
cancels the taks it is attached to and procees the process to an alternative flow.
Catching message
This type is triggered by a message event. It cancels the task it is attached to and
boundary event
proceeds the process to an alternative flow.
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Timer boundary
event
Boundary non- Non-interrupt
interupt events conditional
boundary event
Non-interrupt signal
boundary event
Non-interrupt
catching message
boundary event
Non-interrupt timer
boundary event
Gateways
Event gateway

Start event

End event

Artifacts

Loop
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This type cancels the task it is attached after a certain amount time and proceeds
the process to an alternative flow.
This type activates an alternative flow when a certain condition is met, without
interrupting the task it is attached to.
This type catches a signal event and starts an alternative flow without interrupting
the task it is attached to.
This type catches a message event and activates an alternative flow without
interrupting the task it is attached to.

This type will activate an alternative flow after a certain amount of time without
cancelling the task it is attached to.
With this type the process will follow the exit based on an event (usually a
catching message event) rather than the evaluation of expressions using process
data.
Exclusive gateway With this type the process will follow exaclty one of the exists that are available.
Inclusive gateway
With this type the process will follow one or more of the exits that are available.
Parallel gateway
With this type the process will follow all of the exists that are available.
Content start event This type starts a process when it catches or throws an interaction with an
enterprise content management system. Supported events are document checked
in, document checked out, document check out canceled, folder or document
class changed, document classify completed, folder or document created, folder
or document deleted, folder filed, document frozen, folder or document locked,
document publish completed, document publish requested, folder or document
security updated, document state changed, folder unfiled, folder or document
unlocked, folder or document updated, document version demoted and
document version promoted.
Error start event
This type is only allowed for triggering an in-line event sub process. Given the
nature of errors, an event sub process with an error trigger will always interrupt
its containing process.
Message start event This type starts a new process/case when a cetain message from a participant
(from the process) is received.
Regular start event The modeler does not display the type of event. This is usefull when the process
can be started arbitrary. It is also used for a sub process that starts when the flow
is triggered by its parent process.
Signal start event
This type starts a process when a signal arrives that has been broadcasted from
another process.
Timer start event
This type starts a process on a specific time-date or a specific cycle.
Cancel end event
This type ends the process and cancells a transaction sub process.
Compensation end This type triggers a compensation intermediate event earlier in the process and
event
then ends the process. This type does not undo other tasks.
Error end event
This type ends the process and throws an error that can be captured in another
part of the process.
Message end event This type ends the process and sends a message to a person or the process
engine.
Regular end event This type ends the process.
Signal end event
This type ends the process and sends a signal to a different process.
Terminate end
This type stops the process, including all parallel processes.
event
Group
This type is used for grouping associated tasks.
Lane
This type organize and categorize tasks within a pool.
Pool
This type represents a participant in the process.
Text annotation
This type lets a user add information about the overal process diagram. Adding
notes helps other developers understand the design.
Simple loop
This type loops an activity sequentially up to the specified value.
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Flow

Case

Event

Follow-up
activities

multi-instance loop
Default flow
Exception flow
Sequence flow
State
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This type loops an activity sequentially and/or parallel up to the specified value.
This type represents the default (standard) flow after a gateway.
This type represent the alternative (non-standard) flow after a gateway.
This type respresent the regular flow between activities (process steps).
This type can be used to model the functional state during the processing of a
case. They are used to group activities which belong to the same functional state
(which can be executed while the case instance is in the specific state). States are
normally action words like planned, approved or submitted. States can be nested
which means that a case instance can be in a sub state and at the same time in the
parent state. A case model always has an initial state and normally one final state.
Initial state
This type is the start point of the case model. The case model will always have one
main initial state. When a state has sub states then the state itself needs an initial
state as well to determine which sub state is the first to be started when the main
initial state is the start point of the case model. The case model will always have
one main initial state. When a state has sub states then the state itself needs an
initial state as well to determine which sub state is the first to be started when the
main state is entered.
Final state
This type is the end point of a case model.
Document Received This type is is used when a document of a certain attachment type is attached to
Event
the case instance. Handling this event can be done by modeling a document
received event in the case model. When the document is attached to the case
instance, and a document received event is modeled, then the automatic followup activity of the document received event will be scheduled. For example when a
new insurance document is added to a claim then the claim needs to be judged
again.
Transistion
This type defines the condition(s) when a case instance moves from one state to
another (e.g. from 'planned' to 'completed'). If there is no direct transition defined
between two states (e.g. state 1 and 2), then the case instance can never
transition from state 1 to state 2 directly. A transition can be triggered either by
an event being received or because a specific or all activities in a state are
completed. Transition descriptions are normally verbs like approve or reject.
Automatic transition Allows the system to automatically perform tasks that are required to go to the
next state. This requires manual programming.
State entry
This type is executed when a state entry is executed when the state is entered
after a transition is triggered. In the transition properties it can be defined
whether the state entry should be executed or not if the transition is triggered.
When a state entry is not triggered, activities of the state will not be scheduled
unless they are explicitly planned. Follow-up activities from a state entry will
always be automatic scheduled directly after a state entry is executed.
Automatic follow-up This type allows a user that completes an activity, to plan the next activity (from
connector
the inbox, as part of completing an activity). By default all activities are selected
that are configured as an automatic follow up (from the activity that is being
completed). A user can choose to remove an automatic activity (except in the case
of a mandatory activity). Although the work assignment (role/user/etc.) and due
date can be defined as part of the case model, the user that plans the activity can
specify or change the work assignment (the who), when (due date) and with
which priority the next activity should be done in case of human activity.
Manual follow-up
This type can only be drawn after a human activity. When the human activity is
connector
completed from the inbox, the user who completed the activity can decide if the
manual follow-up activity should be planned, by who, when (due date) and with
which priority.
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Case file

DEMO

Transaction

Process
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Intermediate follow- This type allows a user to working on an activity, to plan an intermediate followup connector
up activity. In that case the current activity gets suspended and hidden from the
inbox and appears again in the inbox after intermediate follow-up activity is
completed (except when the intermediate follow-up triggered a state transition).
Free follow-up
This type represents activities that do not have an incoming follow-up connector.
activities
Free follow-up activities can be always planned, and become active (scheduled)
when the corresponding state becomes active.
Case data
This type represents data that is stored with the case. For a spending request
approval, the requester, approval number and money amount could be stored as
case data. Case data can be viewed in the case overview screen in the inbox and
from the case instance .manager. Next to this case data can be used in the case
model message map and to define case identifiers. It is a good practice to only
have a (partly) copy of the case file in the case data and store the complete case
file in an external system.
Case identifier
This type represents data that identifies the case. For a spending request
approval, the requester and approval number could be defined as case identifiers.
Case identifiers are always selected from the case data. Case identifiers are
displayed as columns in the case .instances view in the inbox and as columns in
the case instance manager.
Case variable
This type is used to dynamically assign tasks to a work-list, team, role or user. Or
to specify dynamically the maximum execution time of a case instance, state or an
activity. For example a car insurance claim needs to be assigned to the work list
for insurance claims .and a health related claim needs to be assigned to the work
list for health related claims, this can be done via a case variable of type work list.
During execution of the case the correct work list can then be assigned to the case
variable based on the claim type.
Attachment
This type links attachments to a case.
Actor
A subject in his or her fulfillment of (elementary) actor role.
Composite actor
A non-elementary actor role. It comprises a number of elementary actors roles
plus their interaction and interstriction relation ships.
Executor
A role of an actor in a transaction. Because this takes place at a particular point in
time, events are unique. Events regarding the same transition are said to be of the
same type.
Initiator
A role of an actor in a transaction. An actor who is authorized to be in the initiator
of a transaction, is responsible for performing the corresponding coordination
acts, according to the transaction pattern.
Organizatonal
Indicates which transactions performed within and outside of the organization.
boundary
Transaction
A sequence of acts that is a path through the complete transaction pattern,
minimally comprising the basic pattern. It goes off in three consecutive phases:
the order phase, the execution phase and the result phase.
Coordination act
An act by which a coordination result is created. The actor who performs the act is
called the performer and the one to which it is addressed is called the addressee.
A coordination act has 2 components: the intention and the proposition. In order
to perform a coordination act, a number of communicative acts have to be
performed.
Coordination fact* An elementary state of affairs in the coordination world. It is either a coordination
factum or a coordination statum.
Product act
The act in a transaction by which the performer establishes the production result.
Product fact*
An elementary state of affairs in the production world. It is either a production
factum or a production statum.
Execution

The transaction phase in which the executor performs the production act. It starts
from the transaction status promised and it ends with the transaction status
stated.
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Causal link*
Conditional link*
External activation
Self-activation
Responsibility area

Multiplicity*
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The transaction phase in which the initiator and the executioner strive to reach
consensus about the production result that the executor has brought about. It
starts from the transaction status stated and ends with the transaction status
accepted.
Indicates a direct request for a factum.
Indicates that a request for a factum can only be made under specific conditions.
Indicates that a transaction is started with a request from outside of the
organization.
Indicates that the initiator has the same role as the performer.
Area in which the quality of a subject to be committed to the coordination facta
he or she has performed, as well as to coordination acts that are addressed to him
or her.
Indicates the amount of production factums that are required by the initiator.

*Factum = a fact that is the result of an act. The factum starts to exist at the moment that the act is performed.
Statum = a fact that is not the result of an act. Stata are considered to exist at every moment.
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Business rule elements
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0

C#
C#
C#
-

Total:

Formetis
GorillaIT
WEM.io
Outsystems
Mendix
AFAS

Thinkwise

Servoy

Total:

Usoft

2

Validation expressions
C# 1 1 Size Gx 1
Calculation
C# 1 1 1 Gx 1
General data rules
- - - Data rule triggers Property changed
- - - 1 1
Completed
- - - 1 Created
- - - 1 1
Deleting
- - - 1 1
Attribute
- - - 1 Validate
- - - 1 Level
- - - 1 TRN
- - - 1 Flow rules
Gateway true/false
C# 1 1 1 Gx Action rule
- - - Decision table at gateway - - 1 - 1
Decision table
Condition
- - 1 - 1
Condition alternative
- - 1 - 1
Action
- - 1 - 1
Action alternative
- - 1 - 1
Otherwise
- - - Rule action
- - 1 - 1
Rule action
Trigger business process
- - - 1
Invoke web service
- - - 1
Send notification
- - - 1
Assign
- - 1 - 1
Abort transaction
- - - 1
Decision tree
Condition
- - 1 - Container
- - 1 - Asset
- - 1 - Sub tree
- - 1 - Action
- - 1 - Nested rule
Nested rule
- - - 1
Rule group
- - 1 - 1

IBM

0 3 16

Cordys
Genexus

Data rules

Triggre

Business rule element

Blueriq
Betty Blocks
42Windmills

Business rule
construct
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2
2
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1
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1
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3
3
3
1
2
2
2
1
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1
1
1
1
1
1
1
4
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Business rule element definitions

Business rule
construct

Business rule element

Definition

Data

Data types

A classification identifying one of various types of data, such
as real, integer or boolean, that determines the possible values for that
type; the operations that can be done on values of that type; the meaning of
the data; and the way values of that type can be stored.

Validation expressions
Calculation

Defines which possible values an attribute can have through an expression.
The value of the attribute is calculated using calculations (expressions) and
values from other attributes.

General data rules

Allows a user to program/model business rules on the entire data level using
a programming language or DSL.
Allows users to trigger a rule when an attribute value is changed.

Data rule triggers Property changed
Created
Deleting
Action
Attribute
Validate
Level

Flow rules

Decision table

Rule action

Decision tree

TRN
Gateway true/false
Action rule
Decision table at gateway
Condition
Condition alternative
Action
Action alternative
Otherwise
Rule action
Trigger business process
Invoke web service
send notification
assign
abort transaction
Condition
Container

Nested rule

Asset
Sub tree
Assign
Nested rule
Rule group

Allows users to trigger a rule when a new entity is created.
Allows users to trigger a rule when an entity or attributes is deleted.
Allows users to trigger a rule after a specific action has been executed.
Allows a user to trigger a rule after the specific attribute value has been
entered by the user.
Allows a user to trigger a rule, for each instance of the level associated to
the rule, immediately before the instance is physically saved.
Allows a user to trigger a rule after a level is related to certain attributes. If
the section level is not used, it applies to the first level of the transaction.
Allows a user to trigger a rule to be executed after each transaction's cycle.
Allows a user to specify an expression that determines in which direction the
(process) flow will go.
A rule in which the action is always performed.
Allows a user to make a decision in a process based on decision table logic.

A special condition that will be entered by default if no other condition in
the decision table is applicable.
Possible actions that are specified below .
Triggers a business process selected by the modeler.
Invokes a web service selected by the modeler.
Sends a predefined notification to a different user.
Assign a (new) value to an attribute.
Aborts the transaction the user is currently participating in.
Asks for the value of an attribute (e.g. age). An attribute used in a condition
node must belong to a singleton entity.
Shows the user a container. This can be useful to obtain information from
the user that is not needed for the decision tree logic (e.g. in a decision tree
that will determine what letter to send to you, you might ask the user his
surname, regardless of the letter you are going to send him).
Shows the user a message.
Allows a user to call on a decision within a decision tree.
Assign a (new) value to an attribute.
Allows a user to call on a rule withing a rule.
Allows a user to create a selection of rules that can be used as a whole in
different parts of the application.
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Business rule expressions

WEM.io

Total:
Formetis
GorillaIT

Outsystems

Mendix
AFAS
Thinkwise
Servoy
Usoft
IBM

Condition

Cordys

Concept

Genexus

Commands

Triggre

Color

Blueriq

Collection

Is valid bank account
Is valid BSN
Is valid BTW
All
Array
Collect from [where]
Collect from named [where]
Cols
Difference
Symmetric difference
Each
Exists
Intersection
Size
Subset of
Union
Unique
Unpack
Color
RGB
Assign variable
Assing definition
Call
Defined by clause
Do
Do case
Error handler
Execute
Exit
Link
Message
Name of this rule
Print
Return
SQL
Submit command
Subroutine
Concept ID
Find concept
Intersection
List
Node trail
Union
Called
Definition
Do while
Else
Exists
For each
From

Betty Blocks
42 windmills

Expression type Expression
Checks
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1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
6
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
5
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1

1

1

1
1
1

1

1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1

1
1
1
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Condition NL

Constants
Conversion

For to step
If
If unknown
If/then
In
Is a
Is in
Is not in
Like
Loop
Where
All of the following conditions are true
Any of the following conditions is true
It is not true that
None of the following conditions are true
There are <number> <objects>
There are at least <number> <objects>
There are at most <number> <objects>
There are less than <number> <objects>
There are more than <number> <objects>
There is at least one <objects>
There is at most one <object>
There is no <object>
There is one <object>
Pi
Never
Text to integer
Text to decimal
Tekst to long
Tekst to float
Text to DateTime
Text to date
Text to time
Text to boolean
Text to currency
Text to percentage
Text to entity reference text
Text to day of week
Text to rich text
Integer to string
Integer to decimal
Integer to long
Integer to boolean
Integer to currency
Integer to percentage
Integer to entity reference integer
Decimal to string
Decimal to integer
Decimal to long
Decimal to float
Decimal to boolean
Decimal to currency
Decimal to percentage
Long to string
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1
1
1

1
1

1
1

1
1

1
1

1
1
1
1

1

1
1
1
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1
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1
1
1

1
1
1
1

1

1
1
1
1
1

1
1

1

1
1
1

1

1
1
1
1

1

1
1
1
1

1

1
1
1

1

1
1

1
1

1

1
1
1
1

1
1

1
1
1

1
1

1

1
1
1
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Long to integer
Long to decimal
Long to boolean
Float to string
DateTime to string
DateTime to decimal
DateTime to date
DateTime to time
Date to string
Date to integer
Date to decimal
Date to long
Date to boolean
Date to DateTime
Time to string
Boolean to string
Boolean to integer
Boolean to decimal
Boolean to long
Boolean to date
currency to string
Currency to integer
Currency to decimal
Percentage to string
Percentage to integer
Percentage to decimal
XML node to string
XML node to integer
XML node to decimal
XML node to long
XML node to boolean
XML node to date
Entity reference text to string
Entity reference integer to integer
To object
Decimal to integer validate
Text to DateTime validate
Text to date validate
Text to decimal validate
Text to integer validate
Text to time validate
Text to entity reference text
DateTime to date validate
Format currency
Format decimal
Format full date
Format full DateTime
Format month day Date
Format percentage
Format phone number
Format short Date
Format short DateTime
Format text
Format time
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1
1
1
1

1

1
1

1

1

1
1
1

1
1

1

1
1

1
1
1
1
1
1
1
1
1

1
1
1
1
1

1
1
1
1

1
1
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Date and time

Format year month date
Encode hash
Encode HTML
Encode JavaScript
Encode SQL
Encode URL
Decode URL
YMDHMS to time
YMD to day
Add period to date
Add period to DateTime
Add time to DateTime
Subtract period from date
Subtract period from DataTime
Substract time from DateTime
DateTime
DateTimeUTC
UTC returns
Date
Date returns
System date
Time
System time
Difference in years
Difference in months
Difference in weeks
Difference in days
Difference in hours
Difference in minutes
Difference in seconds
Difference in miliseconds
Add years
Add years UTC
Add months
Add months UTC
Add weeks
Add week UTC
Add days
Add days UTC
Add hours
Add minutes
Add seconds
Add miliseconds
Trim to years
Trim to months
Trim to days
Trim to hours
Trim to minutes
Years
Months
Weeks
Days
Hours
Minutes
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Seconds
Miliseconds
Period between
Working days between
Beginning of month
End of month
Cmonth
Today
Now
Today/Now
Weeknumber
Day of week
Business days offset
Days offset
String format time
Date and time NL <a day of the week> is after <a day of the week>
<a day of the week> is before <a day of the week>
<date> is after <date>
<date> is after <date> and on or before <date>
<date> is after <date> and before <date>
<date> is after or the same as <date>
<date> is at <time>
<date> is before <date>
<date> is before or the same as <date>

Email

Environment

<date> is in <month>
<date> is in <month> <year>
<date> is in <year>
<date> is on <a day of the week>
<date> is on <simple date>
<date> is on <day of the week> at <time>
<date> is on or after <date> and before <date>
<date> is on or after <date> and on or before
<date>
Create email adress
Concatenate email adress
Validate email adress
Check role
Current theme is mobile
Get application server type
Get browser type
Get browser version
Get current locale
Get database provider
Get encryption key
Get entry base ID
Get entry Espace name
Get hostname
Get IP adress
Get location
Get key
Get obsolute tenant ID
Get owner Espace identifier
Get soap error
Get soap error message
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File

Database values

Logical

Math

Get user agent
Get cookie
Navigate to
Is first request
Is live
Is loading screen
Is preview
Is staging
Portal ID
Project name
Set cookie
User ID
Workstation
Delete file
File exist
File name
File size
File URL
Mime type
Read file
Delete
Generate GUID
Get children
Get descendants
Get parent
Get old value
Previous
Is new row
Row ID
Rows
If undefined
Insert
Is Null value
Update
And
Bitwise and
Or
Bitwise exclusive or
Bitwise inclusive or
Not
+ (add)
- (substract)
* (multiply)
/ (divide)
^ (to the power of)
√
Div
== (equals)
=! (is not)
< (smallar than)
<= (smaller or equal than)
> (bigger than)
>= (bigger or equal than)
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Math NL

Object

Object NL

Security

%
~
[]
[^ ]
{m,n}
{n}
Floor
Ceiling
Sinus
Asinus
Cosinus
Acosinus
Tangus
Atangus
Ln
Log
Absolute
Annuity
Exponential (e^x)
Null
Product
Round
Round to multiple
Random hex
Random number
Random between 0 and 1
Random seed
Sign
<number> equals <number>
<number> does not qual <number>
<number> is <number>
<number> is at least <number>
<number> is at least <number> and less than
<number>
<number> is at most <number>
<number> is between <number> and <number>
<number> is less than <number>
<number> is more than <number>
<number> is more than <number> and at most
<number>
<number> is strictly between <number> and
<number>
Checking for an empty object
Checking for an empty object member
Checking whether an object is new
<object> is <object>
<object> is not <object>
<object> is one of <object>
<object> is not one of <object>
<list> contains <object>
<list> does not contain <object>
Password strength
Decrypt 64
Encrypt 64
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Statistical

Text

Generate password
Average
Count
Max
Min
Sum
ASCII
ANSI
Blank
Character number
Concatenate
Concatenate number with string
Find
Equals
Find reverse
Find last
Format
Get caption
Match
Match fuzzy
Join
Split
First
Last
Length
Localize
Uppercase
Lowercase
Capitalize
To formatted string
Trim
Leading trim
Trailing trim
Ljust
Rjust
Index of
Last index of
Padl
Padr
Position
Reverse position
Sha1
Sha256
Substring
Substring before
Substring after
Replace
Replace first
Only number
Newline
Parameterize
Synonym
Squeeze
Starts with

160
1
1
1
1
1
1

1
1
1
1
1

1
1
1

1
1

1
1

1
1

1
1
1
1
1
1

1
1

1

1

1

1

1
1

1

1
1

1

1

1
1

1

1

1

1
1
1
1
1

1

1
1

1
1
1
1
1

1
1
1
1

1
1
1

1

1

1
1

1

1
1
1
1
1
1

1

1

1

1

1
1

1
1

1
1
1

1

1
1
1

1

1

1

1
1
1
1

1
1
1
1
1
1
1

1
1
1
1

1
1
1
1

1

1
1
1

1

1

1

1
1

1
1

1

1

1

1
1

1
1
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2
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4
6
6
4
1
1
2
1
7
1
5
1
1
1
1
1
2
1
1
2
2
1
6
1
6
6
3
1
7
2
2
1
1
3
1
1
1
1
1
1
2
7
2
2
6
1
1
3
1
1
1
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Text NL

URL function

Xpath

No category

Truncate
<text> contains <text>
<text> does not contain <text>
<text> does not end with <text>
<text> does not start with <text>
<text> ends with <text>
<text> is empty
<text> is not empty
Print <text>
<text> starts with <text>
The length of <text>
<date> is on or after <date> and on or before
<date>
Add personal area to URL path
Get book markable URL
Get exception URL
Get owner URL path
Get personal area name
Xpath
Xpath list
Xpath number
Level lcause
Load bitmap
Type of
Is active
Sleep
Space
User defined procedure
Null binary
Null date
Null identifier
Null object
Null text identifier
Description
Follow
Setting
Action
Include?
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1

1

2
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0 69 107 18 144 81 61 0 0 0 0 86 130 111 0 0 807

Total:
Legend:
Does not have elements
Total statistics
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F.4.2.1
Expression
type
Checks

Collection

Business rule expression definitions
Expression

Definition

Is valid bank account
Is valid BSN
Is valid BTW
All
Array
Collect from [where]
Collect from named [where]

Checks if a text/number is a valid bank account.
Checks if a text is a valid citizen service number (BSN).
Checks if a text is a valid VAT identification number (VATIN).
Creates a collection of all instances of a specified entity.
Creates an array.
Creates a collection of entity or attribute instances (meeting certain criteria).
Use this version of the COLLECT FROM [WHERE] function for complex nested
selections in which it is necessary to use an alias.
Returns a number of columns defined for the array.
Returns a collection containing all the items from collection 1 that are not present
in collection 2.
Determines the symmetric difference between two collections. It returns a
collection with the elements of the provided collections which are in either one of
the collections, but not in both.
Determines whether all instances of a specified entity meet a certain criteria.

Cols
Difference
Symmetric difference

Each
Exists
Intersection
Size
Subset of
Union
Unique

Color
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Unpack
Color
RGB

Commands Assign variable
Assing definition
Call
Defined by clause
Do

Do case
Error handler

Execute
Exit

Link
Message

Determines whether an instance of a specified entity exists, optionally meeting
certain criteria.
Determines the intersection of two collections. It returns a collection containing the
items that are present in both specified collections.
Determines the size of a collection.
Returns TRUE if the items in a collection are all present in another collection.
Adds two collections of the same base type to a new collection.
Filters duplicate items from a collection. An expression resulting in a collection,
never contains duplicate values. A subexpression with the COLLECT statement
however, can contain duplicates. See the note on collections and duplicates for
more info.
Extracts the value from a single valued collection or list.
Return a number representing an RGB color value, based on the color input: WHT,
BLK, GRN, BRW, MGN, BLU, CYN, YLW, X.
Returns a number representing an RGB color value, based on red values (0-255),
green values (0-255) and blue valies (0-255).
Changes the value of a ruleset parameter or variable.
Defines local variables that you ca use elsewhere in the same rule. Use local
variables to produce more concise and readable rules.
Executes a GeneXus object or an external program synchronously.
Define the base table of the related command or statement.
Allows you to call a subroutine (defined using the Sub command). Parameter
passing is not allowed. All variables from the same source program can also be used
by the routine (i.e. they are global variables).
Performs a set of commands depending on the condition.
Provides a dynamic way for performing user specific actions when a database
related error occurs at program execution time. Transactional and connection
errors are detected and a user-defined routine is executed.
Execute the given (action) flowchart. After the flowchart is executed, it will
continue the execution of the event handler script.
Allows you to leave a 'for each' command (X Evolution 2), 'X for each' command, 'do
while' command or 'for to' Step Command. The next command to be executed after
an exit is the command following the 'end for', 'end for', 'end do' or 'end for'
command corresponding to the 'for each', 'X for each', 'do while' or 'for group'
containing the Exit command.
Calls static pages or redirect to a static URL. It is equivalent to the 'call' command.
Displays warning messages.
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Name of this rule
Print
Return
SQL
Submit command
Subroutine

Concept

Condition

Concept ID
Find concept
Intersection
List
Node trail
Union
Called
Definition
Do while

Else
Exists
For each
From
For to step
If
If unknown
If/then
In
Is a
Is in
Is not in
Like
Loop
Where
Condition NL All of the following conditions are
true
Any of the following conditions is
true
It is not true that
None of the following conditions are
true
There are <number> <objects>
There are at least <number>
<objects>
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Returns the name of the currently executed rule in the 'then part' of a business
rule.
Prints a string, phrase or rule name to the standard output.
Ends the execution and returns to the calling program.
Allows the execution of SQL statements from GeneXus Client/Server applications.
Executes a program asynchronously; the main program flow will continue
processing immediately.
Allows you to define routines that will be triggered whenever desired. They are
defined using "Sub" and "EndSub" and they are called via the Do command.
Parameter-passing is not allowed. All variables from the same source program can
also be used by the routine (i.e. they are global variables). Also referenced
attributes are global within the object scope.
Returns the internal ID of a concept.
Finds (boolean) and presents a concept in a specified list.
Produces a concept set with the concepts that occur in each concept set from a
collection of concept sets.
Presents a complete list of concepts.
Presents the trail (parents & children) towards a specified condept node.
Produces a concept set with all the concepts from a collection of concept sets.
Provides a name for a variable declared in a 'for each' action statement.
Introduces the part of the rule where you define variables.
Executes every command within the 'do while', and the 'end do' sentence until the
condition becomes false. Any command can be specified within a 'do while' and
'end do' group. To force an exit from the 'do while' group you may use the 'exit'
command.
Introduces actions that are executed if the conditions of a rule are not satisfied.
Determines whether an instance of a specified entity exists, optionally meeting
certain criteria.
Specifies the actions that must be performed for every element of a collection.
Accesses data from objects that are related to known objects.
Allows iterating a certain number of times from a certain value to a certain value.
Evaluates a condition, and returns a text according to the result of the evaluation.
Replaces a value if that value is unknown.
Introduces the part of the rule in which you define conditions.
Introduces the part of the rule in which you define conditions.
Checks the type of an instance. The function returns TRUE if the selected instance is
of the specified entity.
Checks (boolean) whether a variable is in a list or containment.
Checks (boolean) whether a variable is not in a list or containment.
Allows the user to select data according to a matching text string.
Loops while a specified expression is true.
Matches objects against tests.
Groups together a series of conditions in such a way that the combined statement
evaluates to true only if all the listed conditions evaluate to true.
Groups conditions together such that the combined statement evaluates to true if
one or more of the listed conditions evaluate to true.
Negates a condition statement.
Negates a group of conditions.
Tests whether there is a specific number of objects of a given type in the current
data set or the specified collection.
Tests whether there is at least a number of objects of a given type in the current
data set or the specified collection.

Table F.41: Business rules expression definition page 2
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There are at most <number>
<objects>
There are less than <number>
<objects>
There are more than <number>
<objects>
There is at least one <objects>
There is at most one <object>
There is no <object>
There is one <object>
Constants

Pi
Never
Conversion Text to integer
Text to decimal
Tekst to long
Tekst to float
Text to DateTime
Text to date
Text to time
Text to boolean
Text to currency
Text to percentage
Text to entity reference text
Text to day of week
Text to rich text
Integer to string
Integer to decimal
Integer to long
Integer to boolean
Integer to currency
Integer to percentage
Integer to entity reference integer
Decimal to string
Decimal to integer
Decimal to long
Decimal to float
Decimal to boolean
Decimal to currency
Decimal to percentage
Long to string
Long to integer
Long to decimal
Long to boolean
Float to string
DateTime to string
DateTime to decimal
DateTime to date
DateTime to time
Date to string
Date to integer
Date to decimal
Date to long

164
Tests whether there is no more than a specified number of objects of a given type
in the current data set.
Tests whether there are fewer than a specified number of objects of a given type.
Tests whether there are more than a specified number of objects of a given type.
Tests whether there is at least one object of a given type in the current data set.
Tests whether there is at most one object of a given type in the current data set.
Tests whether a data set contains no objects of the given type.
Tests whether the current data set contains one and only one object of a given
type.
Represents the offcial pi value (=3,14159265359).
Assigns a NULL value to a DateTime.
Converts a text value to an integer value.
Converts a text value to a decimal value.
Converts a string value to a long value.
Converts a string value to a float value.
Converts a string value to a DateTime value.
Converts a string value to a date value.
Converts a string value to a time value.
Converts a string value to a boolean value.
Converts a string value to a currency value.
Converts a string value to a percentage value.
Converts a string value to a entity reference text value.
Returns the weekday for a given date in the selected language. If no language is
specified, the one selected in the Model Properties is used.
Converts a string value to a richt text value.
Converts an integer value to a string value.
Converts an integer value to a decimal value.
Converts an integer value to a long value.
Converts an integer value to a boolean value.
Converts an integer value to a currency value.
Converts an integer value to a percentage value.
Converts an integer value to an entity reference integer value.
Converts a decimal value to a string value.
Converts a decimal value to an integer value.
Converts a decimal value to a long value.
Converts a decimal value to a float value.
Converts a decimal value to a boolean value.
Converts a decimal value to a currency value.
Converts a decimal value to a percentage value.
Converts a long value to a string value.
Converts a long value to an integer value.
Converts a long value to a decimal value.
Converts a long value to a boolean value.
Converts a float value to a string value.
Converts a DateTime value to a string value.
Converts a DateTime value to a decimal value.
Converts a DateTime value to a date value.
Converts a DateTime value to a time value.
Converts a date value to a string value.
Converts a date value to an integer value.
Converts a date value to a decimal value.
Converts a date value to a long value value.
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Date to boolean
Date to DateTime
Time to string
Boolean to string
Boolean to integer
Boolean to decimal
Boolean to long
Boolean to date
currency to string
Currency to integer
Currency to decimal
Percentage to string
Percentage to integer
Percentage to decimal
XML node to string
XML node to integer
XML node to decimal
XML node to long
XML node to boolean
XML node to date
Entity reference text to string
Entity reference integer to integer
To object
Decimal to integer validate
Text to DateTime validate
Text to date validate
Text to decimal validate
Text to integer validate
Text to time validate
Text to entity reference text
DateTime to Date validate
Format currency
Format decimal
Format full date
Format full DateTime
Format month day Date
Format percentage
Format phone number
Format short date
Format short DateTime
Format text
Format time
Format year month date
Encode hash
Encode HTML
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Converts a date value to a boolean value.
Converts a date value to a DateTime value.
Converts a time value to a string value.
Converts a boolean value to a string value.
Converts a boolean value to an integer value.
Converts a boolean value to a decimal value.
Converts a boolean value to a long value.
Converts a boolean value to a date value.
Converts a currency value to a string value.
Converts a currency value to an integer value.
converts a currency value to a decimal value.
Converts a percentage value to a string value.
Converts a percentage value to an integer value.
Converts a percentage value to a decimal value.
Converts the value of a XML node to a string value.
Converts the value of a XML node to an integer value.
Converts the value of a XML node to a decimal value.
Converts the value of a XML node to a long value.
Converts the value of a XML node to a boolean value.
Converts the value of a XML node to a date value.
Converts the value of an entity reference text to a string value.
Converts the value of an entity reference integer to an integer value.
Converts an expression to an object value.
Validates (boolean) whether a decimal value can be converted an integer value.
Validates (boolean) whether a string value can be converted to a DateTime value.
Validates (boolean) whether a string value can be converted to a date value.
Validates (boolean) whether a string value can be converted to a decimal value.
Validates (boolean) whether a string value can be converted to an integer value.
Validates (boolean) whether a string value can be converted to a time value.
Validates (boolean) whether a string value can be converted to an entity reference
text value.
Validates (boolean) whether a DateTime value can be converted to a date value.
Builds a text with a fomatted currency value.
Builds a text with a fomatted decimal value.
Builds a text with a fomatted date value.
Builds a text with a fomatted DateTime value.
Builds a text with a fomatted date value using the specified separator to separate
the month.
Builds a text with a formatted Decimal value followed by '%'.
Builds a text with a fomatted phone number.
Builds a text value with a simply formatted date value.
Builds a text value with a simply formatted DateTime value.
Formats a text value to a specified length, by cutting characters, or by adding a
padding character to fill the text to the desired length.
Builds a text value from a time value, separating all time components with a certain
separator.
Builds a text value from a date value, separating the year and month components
with a certain separator.
Converts a string to a hash string.
Converts a string replacing the reserved characters with their HTML character code.
Use this function to increase security when working with un-escaped expressions in
HTML literals.
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Encode JavaScript

Encode SQL

Encode URL

Date and
time

Decode URL
YMDHMS to time
YMD to date
Add period to date
Add period to DateTime
Add time to DateTime
Subtract period from date
Subtract period from DataTime
Substract time from DateTime
DateTime
DateTimeUTC
UTC returns
Date
Date returns
System date
Time
System time
Difference in years
Difference in months
Difference in weeks
Difference in days
Difference in hours
Difference in minutes
Difference in seconds
Difference in miliseconds
Add years
Add years UTC
Add months
Add months UTC
Add weeks
Add week UTC
Add days
Add days UTC
Add hours
Add minutes
Add seconds
Add miliseconds
Trim to years
Trim to months
Trim to days
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Converts a string replacing the reserved characters with their JavaScript character
code. Use this function to increase security when working with un-escaped
expressions in JavaScript literals.
Converts a string replacing the reserved characters with their SQL character code.
Use this function to increase security when managing inline parameters in your SQL
statements.
Returns a string with all non-alphanumeric characters coded in order to be used in
URL parameter values. Use this function to increase security when managing URL's
in your application.
Translates a uRL to regular text.
Returns a time value representing the date and time received as paramaters.
Returns a date value representing the date values received as paramaters.
Calculates a new date by adding a specified period to a specified date.
Calculates a new DateTime by adding a specified period to a specified DateTime.
Returns a DateTime value corresponding to seconds added to a DateTime value.
Calculates a new date by subtracting a specified period from a specified date.
Calculates a new DateTime by subtracting a specified period from a specified
DateTime.
Calculates a new DateTime by subtracting a specified time from a specified
DateTime.
Creates a DateTime value out of integers or decimals
Creates a DateTime value out of integers or decimals based on the UTC calendar.
Returns the number of seconds that elapsed from January 1, 1970, 00:00:00 to the
specified date.
Creates a date value out of integers or decimals.
Returns the number of days from the first of January 1 A.D. to the date you
specified.
Returns the SYSTEM DATE of the client’s machine.
Return the current time in the 'hh:mm:ss' format.
Returns the SYSTEM TIME of the client's machine.
Returns the difference in yeras between two dates.
Returns the difference in months between two dates.
Returns the difference in weeks between two dates.
Returns the difference in days between two dates.
Returns the difference in hours between two dates.
Returns the difference in minutes between two dates.
Returns the difference in seconds between two dates.
Returns the difference in miliseconds between two dates.
Give an amount of years for usage in a date calculation.
Give an amount of years for usage in a UTC date calculation.
Give an amount of months for usage in a date calculation.
Give an amount of months for usage in a UTC date calculation.
Give an amount of weeks for usage in a date calculation.
Give an amount of weeks for usage in a UTC date calculation.
Give an amount of days for usage in a date calculation.
Give an amount of days for usage in a UTC date calculation.
Give an amount of hours for usage in a date calculation.
Give an amount of minutes for usage in a date calculation.
Give an amount of seconds for usage in a date calculation.
Give an amount of miliseconds for usage in a date calculation.
Trim the date to years, rounding off all months, days to zero.
Trim the date to months, rounding off all days to zero.
Trim the date to days, rounding off all hours to zero.
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Trim to hours
Trim to minutes
Years
Months
Weeks
Days
Hours
Minutes
Seconds
Miliseconds
Period between
Working days between

Beginning of month
End of month
Cmonth
Today
Now
Today/Now
Weeknumber

Day of week

Business days offset
days offset
String format time
Date and time<aNLday of the week> is after <a day
of the week>
<a day of the week> is before <a day
of the week>
<date> is after <date>
<date> is after <date> and on or
before <date>
<date> is after <date> and before
<date>
<date> is after or the same as
<date>
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Trim the date to hours, rounding off all minutes down to zero.
Trim the date to minutes, rounding off all (milli)seconds to zero.
Returns the year of a date or DateTime value. The year is returned as a number in
the range 1 - 9999.
Returns the month of a date or DateTime value. The month is returned as a number
in the range 1 - 12.
Returns the week number of a date or DateTime value. The week is returned as a
number in the range 1 - 52.
Returns the day of a date or DateTime value. The day is returned as a number in
the range 1 - 31.
Returns the hour of a DateTime value. The hour is returned as a number in the
range 0 - 23.
Returns the minute of a DateTime value. The minute is returned as a number in the
range 0 - 59.
Returns the second of a DateTime value. The second is returned as a number in the
range 0 - 59.
Returns the second of a DateTime value. The second is returned as a number in the
range 0 - 9.
Calculates the period between two date or DateTime objects. This function returns
the number of full periods of the specified type between two dates or DateTimes.
Calculates the working days between two date or DateTime objects. It returns the
number of full working days between two dates or DateTimes. The default working
days are Monday, Tuesday, Wednesday, Thursday and Friday. This default can be
overridden by supplying a list with alternative working days.
Returns a new date representing the beginning of the month.
Returns a new date representing the end of the month.
Returns the name of the month for the given date in the selected language. If no
language is specified, the one selected in the Model Properties is used.
Returns the current date of the server. The date is given as base type date,
formatted as dd-mm-yyyy.
Returns the current time of the server. The date and time are given as base type
DateTime, formatted as dd-mm-yyyy hh:mm:ss.
Returns the current DateTime of the server, formatted as dd-mm-yyyy hh:mm:ss.
Returns the week number within the year of a given date or DateTime value. The
week number is returned as an integer in the range 1 - 53. Week 1 for a year is the
earliest seven day period starting at Monday that contains at least 4 days from that
year. This definition reflects the ISO 8601 Week dates definition.
Returns the number of the day within the week of a given date or DateTime value,
as follows: Sunday = 1, Monday = 2, Tuesday = 3, Wednesday = 4, Thursday = 5,
Friday = 6, Saturday = 7.
Returns a date which is the first date + the given business days.
Returns a date which is the first date + the given days.
Creates a string based on a format applied to a DateTime.
Tests that a day of the week comes after another day of the week.
Tests that a day of the week comes before another day of the week.
Tests that a date comes after another date.
Tests that a date is in a range in which the first date is excluded, and the last date is
included.
Tests that a date is in a range in which both dates are excluded.
Tests that a date comes after another date, or is the same as that other date.
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Email

<date> is at <time>
<date> is before <date>
<date> is before or the same as
<date>
<date> is in <month>
<date> is in <month> <year>
<date> is in <year>
<date> is on <a day of the week>
<date> is on <simple date>
<date> is on <day of the week> at
<time>
<date> is on or after <date> and
before <date>
<date> is on or after <date> and on
or before <date>
Create email adress
Concatenate email adress
Validate email adress

Environment Check role
Current theme is mobile
Get application server type
Get browser type
Get browser version

Get current locale
Get database provider
Get encryption key
Get entry base ID
Get entry Espace name
Get hostname
Get IP adress
Get location
Get key
Get obsolute tenant ID
Get owner Espace identifier
Get soap error

Get soap error message

Get user agent
Get cookie
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Tests that the time part of a date is at the specified time.
Tests that a date comes before another date.
Tests that a date comes before another date, or is the same as that other date.
Tests that a date is in a specific month.
Tests that a date is in the specified month of the specified year.
Tests that a date is in the specified year.
Tests that a date is on a specific day of the week.
Tests that a date is on a specific date, specified without a time.
Tests that a date is on a specific day of the week, at a specific time.
Tests that a date is in a range in which the first date is included, and the last date is
excluded.
Tets that a date is in a range in which the first date is included, and the last date is
included.
Tets that a date is in a range in which the first date is included, and the last date is
included.
Returns the concatenation of two e-mail addresses separated by a comma.
Returns TRUE if the dddress value you specify in the parameters is a valid e-mail
address, or a list of valid e-mail addresses that can be used to send e-mails in the
OutSystems platform.
Returns True if the role specified in the input parameter has been granted to the
specified end-user, otherwise it returns False.
Indicates if the current screen uses a mobile theme.
Returns the type of the application server where the module is running.
Returns a browser's identifier: 0 = unknown, 1 = IE, 2 = Netschape, 3 = Opera, 4 =
Mozilla Firefox, 5 = Chrome, 6 = Safari.
Returns the description corresponding to the browser’s version (or agent). If the
respective browser is not recognized (the function BrowserId returned 0), it returns
an empty string.
Returns the current locale of the user session.
Returns the type of the OutSystems platform database where the module is
running.
Generates a new encryption key with up to 32 characters. It is used to initialize the
encryption.
Returns the identifier of the module that is processing the current web request.
Returns the name of the module that is processing the current web request.
Retrieves the hostname of the client.
Retrieves the IP adress of the client.
Assigns an existing location to a location variable.
Takes an enumeration value and returns the key of this value. The key is the
technical name for the enumeration value and is language independent.
Returns a fake ID for single-tenant modules.
Returns the ID of the module that owns the element that is being processed.
Returns the error code of the last SOAP operation. That is, when you have a
Location variable and a location name is assigned to it, or when you make a SOAP
call.
Returns the error description of the last SOAP operation. That is, when you have a
Location variable and a location name is assigned to it, or when you make a SOAP
call. It can be use in conjuntion with 'Get SOAP error' function.
Returns the user agent in Web Flows, as indicated by the header of the HTTP
message.
Returns a string with the cookie’s value.

Table F.46: Business rules expression definition page 7

Appendix F. Modeling Elements
Navigate to

Is first request
Is live
Is loading screen
Is preview
Is staging
Portal ID
Project name
Set cookie
User ID

Workstation

File

Database
values

Delete file
File exist
File name
File size
File URL
Mime type
Read file
Delete
Generate GUID
Get children
Get descendants
Get parent
Get old value
Previous

Is new row
Row ID
Rows

If undefined
Insert
Is Null value
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Terminates the script and redirects the user to the given location. The given
expression should return a navigationitem, hyperlink or string. If the return type is a
string, it will be interpreted as a URL.
Checks if the server is handling the first request of the client.
Checks if the portal runs in the live environment.
Indicates if the current web screen is a loading screen, instead of just a rerender.
Checks if the portal runs in preview mode.
Checks if the portal runs in the staging environment.
Gets the ID of the portal being viewed by the client.
Gets the name of the current project. This name is defined in the modeler project
settings.
Used to save a cookie. This function returns 0 if the result is correct, and if there
was an error it returns any other value.
In the iSeries environment, this function returns the user ID defined in the user
profile. In a PC environment, this function returns the users name (using API
Windows functions) if the LOGNAME environment variable is not set. Otherwise
this variable's value is used. This is the expected behavior whether there is network
support or not. In a Client/Server environment, this function also could return the
ID of the user connected to the database server.If the user is not connected, the
function returns blank spaces. It must be written using the following syntax :
USERID('Server'). The word Server must be written between quotes as shown.
Returns the current work station identification. In a PC environment, it returns the
name of the machine (using API Windows functions) when the PSTATION
environment variable is not set. Otherwise, this variable's value is used. This is the
expected behavior whether there is network support or not.
Deletes a specified file.
Verifies (boolean) the existence ofa file on a certain location.
Returns the name of a file.
Returns the size of a file in bytes.
Returns the URL of a file.
Checks the type of data that a file contains.
Can read the content of a file.
To return True when the Transaction object is in delete mode. Otherwise, it will
return False.
Generates a Global Unique Identifier (GUID).
Returns all the children of a specified concept.
Returns all the descendants of a specified concept.
Returns all the parents of a specified concept.
Returns the last stored value, although not already committed, of a given attribute.
Returns the value of attribute used in the last insertion in the current program
session. The value is not stored and it is lost after the user leaves
the Transaction program. If no attribute is specified, the attribute being assigned is
assumed.
Checks (boolean) whether the curren row is already saved in the database.
Returns the ID of the current row.
Obtains the return of the number of rows defined for an array. By using this
function, we avoid referring the array's dimensions within the program source.
Modifying the array's dimensions would only cause the corresponding modification
throughout the model, but there would be no need to modify the program's source
where the array is used.
Checks if the image or file property contains a file, the return can be written to a
variable.
Returns TRUE when the transaction is in 'insert' mode. Otherwise, it returns FALSE.
Checks (boolean) whether a value is unknown.
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Logical

Update
And
Bitwise and
Or
Bitwise exclusive or
Bitwise inclusive or

Math

Not
+ (add)
- (substract)
* (multiply)
/ (divide)
^ (to the power of)
√
Div
= (equals)
=! (is not)
< (smallar than)
<= (smaller or equal than)
> (bigger than)
>= (bigger or equal than)
%
~
[]
[^ ]

{m,n}
{n}
Floor
Ceiling
Sinus
Asinus
Cosinus
Acosinus
Tangus
Atangus
Ln
Log
Absolute
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Returns TRUE when the transaction is in update mode. Otherwise, it returns False.
This function returns TRUE if all its arguments evaluate to TRUE; it returns FALSE if
one or more arguments evaluate to FALSE.
This function returns TRUE if all its arguments evaluate to TRUE on a bit level; it
returns FALSE if one or more arguments evaluate to FALSE.
This function returns TRUE if at least one of its arguments evaluates to TRUE; it
returns FALSE if none of the arguments evaluate to TRUE.
This function returns TRUE if max one of its arguments evaluates to TRUE on a bit
level; it returns FALSE if none of the arguments evaluate to TRUE.
This function returns TRUE if at least one of its arguments evaluates to TRUE on a
bit level; it returns FALSE if none of the arguments evaluate to TRUE.
This operator reverses the value of its boolean argument.
Adds the value left of the sign to the value right of the sign.
Substracts the value left of the sign from the value right of the sign.
Multiplies the value left of the sign with the value right of the sign.
Divides the value left of the sign with the value right of the sign.
Applies the power of the value right of sign to the value left of the sign.
Calculates the square root of a value.
Returns the integer portion of a division.
Compares two values and returns the boolean value TRUE if the left value is equal
to the right value and FALSE otherwise.
Compares two values and returns the boolean value TRUE if the left value is not
equal to the right value and FALSE otherwise.
Compares two values and returns the boolean value TRUE if the left value is smaller
than the right value and FALSE otherwise.
Compares two values and returns the boolean value TRUE if the left value is smaller
than or equal to the right value and FALSE otherwise.
Compares two values and returns the boolean value TRUE if the left value is greater
than the right value and FALSE otherwise.
Compares two values and returns the boolean value TRUE if the left value is greater
than or equal to the right value and FALSE otherwise.
Returns the remainder of a division.
Unary bitwise complement.
Matches a single character that is indicated within the brackets. For example [abc]
matches "a", "b", or "c".
Matches a single character that is not contained within the brackets. For example,
[^abc] matches any character other than "a", "b", or "c". [^a-z] matches any single
character that is not a lowercase letter from "a" to "z". Literal characters and
ranges can be mixed.
Matches the preceding element at least m and not more than n times. For
example, a{3,5} matches only "aaa", "aaaa", and "aaaaa".
Matches the preceding element exactly n times. For example, using this construct
the expression of the Dutch zip code example above would be: [0-9]{4} ?[a-zA-Z]{2}.
Returns the lowest integer less than or equal to the floor value.
Returns the largest integer more than or equal to the floor value.
Calculates the sinus of a value.
Caluclates the asines of a value.
Caluclates the cosinus of a value.
Caluclates the acosinus of a value.
Calculates the tangus of a value.
Calculates the atangus of a value.
Calculates the ln value of a value.
Calculates the Log value of a value.
Returns an integer value representing the integer part of the parameter received.
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Annuity

Math NL

Object

Object NL

Security

Statistical
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Computes an annuity for you. An annuity is a terminating "stream" of fixed
payments, i.e., a collection of payments to be periodically received over a specified
period of time.
Exponential (e^x)
Applies the power of a variable to the mathematical 'e' value.
Null
Retrieves the “null” value of an attribute or variable. That value may be empty or
the Null itself, depending on the context where the function is used.
Product
Returns the product of the values of a collection of numbers.
Round
Rounds a number value to a specified number of decimal places.
Round to multiple
Rounds a number value to a specified multiple.
Random hex
Randomly generates a hexadecimal string. The number of characters argument
defines the number of letters the result string consists.
Random number
Returns a random number between 0 and the given argument.
Random between 0 and 1
Returns a value of the numeric type with decimals N(11.9) in the range 0 to 1.
Random seed
To set the seed used by the Random() function in order to generate the random
numbers.
Sign
Returns -1 if the input parameter value is negative; 1 if the value is positive; 0 if the
value is 0.
<number> equals <number>
Tests that a number is equal to another number. This is equivalent to the is
<number> operator.
<number> does not qual <number> Tests that a number is not equal to another number.
<number> is <number>
Tests that a number is equal to another number. This is equivalent to the equals
<number> operator.
<number> is at least <number>
Tests that a number is greater than or equal to another number.
<number> is at least <number>
Tests that a number is included in a range in which the first value is included and
and less than <number>
the last value is excluded.
<number> is at most <number>
Tests that a number is less than or equal to another number.
<number> is between <number>
Tests that a number is included in a range in which both values are included.
and <number>
<number> is less than <number>
Tests that one number is less than an other number.
<number> is more than <number> Tests that one number is greater than an other number.
<number> is more than <number> Tests that a number is included in a range in which the first value is excluded and
and at most <number>
the last value is included.
<number> is strictly between
Tests that a number is included in a range in which the first value is excluded and
<number> and <number>
the last value is excluded.
Checking for an empty object
Returns (boolean) whether the object is empty.
Checking for an empty object
Returns (boolean) whether the attribute is empty.
member
Checking whether an object is new Returns (boolean) whether the object is new (created but not yet committed).
<object> is <object>
Tests that two objects are equivalent.
<object> is not <object>
Tests that two objects are not equivalent.
<object> is one of <list>
Tests that an object is part of a set.
<object> is not one of <list>
Tests that an object is not part of a collection.
<list> contains <object>
Tests that a collection contains an object. This operator is functionally equivalent to
'<object> is one of <list>'.
<list> does not contain <object>
Tests that a collection does not contain an object. This operator is functionally
equivalent to '<object> is not one of <list>'.
Password strength
Returns a number between 1 and 5 that indicates how strong the current password
is.
Decrypt 64
Decrypt any text that has been encrypted with a key.
Encrypt 64
Encrypts any text using a key.
Generate password
Generates a random string of a specified length.
Average
Determines the average (arithmetic mean) of a list or collection.
Count
Use this function to retrieve the number of instances for the specified entities or
attributes.
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Text

Max
Min
Sum
ASCII
ANSI
Blank
Character number
Concatenate
Concatenate number with string
Find
Equals
Find reverse
Find last
Format

Get caption
Match
Match fuzzy
Join
Split
First
Last
Length
Localize
Uppercase
Lowercase
Capitalize
To formatted string
Trim
Leading trim
Trailing trim
Ljust
Rjust
Index of
Last index of
Padl
Padr
Position
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Use this function to determine the maximum value of a list or collection.
Use this function to determine the minimum value of a list or collection.
This function adds the values of a collection of numbers.
Returns the ASCII code for a specified character.
Returns a character according to the ANSI character code you provide in the input
parameter.
Checks if a string is empty. Will return TRUE for a used empty string.
Returns the character represented by the given integer value.
Concatenate strings or a combination of strings and other type values to produce a
single string value.
Concatenate strings or a combination of strings and number values to produce a
single string value.
Looks for a string pattern within another string and returns the first matching
characters. The function is case sensitive.
Compares two strings and returns TRUE if and only if they are equal. This function is
case sensitive.
Looks for a string pattern in reverse order within another string and returns the
first matching characters. The function is case-sensitive.
Returns the first location of the substring in the original string.
Creates a character expressions with parameter markers. The string expression has
zero or more parameter markers like %1. If a '%' sign must be included in characterexpression, it must be preceded by the '\' (backslash) sign. For example: "This is not
a parameter marker: \%1".
Takes an enumeration value and returns the caption of this value. The caption is a
translatable string and the result of this function depends on the current language.
Compares a string pattern to another string and returns TRUE if the string exactly
matches the pattern, and otherwise FALSE. The function is case-sensitive.
Compares two texts and returns a number between 0 and 1 (inclusive) that
indicates the similarity between the two texts.
This function joins a series of values into one string, separated with a character of
your choice.
Returns a multivalued attribute containing every substring that is delimited by the
given pattern.
Returns the first character(s) of a string, based on the number of characters you
specify.
Returns the last character(s) of a string, based on the number of characters you
specify.
Returns the length of a string.
Localizes a string.
Returns a string with all characters in uppercase.
Returns a string with all characters in lowercase.
Returns a string with the first character uppercased.
Returns a string that results from applying an attribute/variable picture to its value.
Strips the leading and trailing spaces from a string.
Strips the leading spaces from a string.
Strips the trailing spaces from a string.
Adds a specific number of whitespaces left of a string.
Adds a specific number of whitespaces right of a string.
Returns the index of the first occurrence of a specified substring in a string.
Returns the index of the last occurrence of a specified substring in a string.
Keeps prepending a character to a value until a text length is reached.
Keeps appending a character to a value until a text length is reached.
Returns the starting position (first index) of a specified string within the source
string.
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Reverse position

Text NL

Calculates the starting position of a specified string from its rightmost occurrence
within the source string.
Sha1
Creates a sha1 hash of text.
Sha256
Creates a sha256 hash of text.
Substring
Returns the substring of a given string starting from the index provided and ending
at the end index if provided, or the end of the string.
Substring before
Returns the start of a given string before the first occurrence of substring, or an
empty string if substring is not found.
Substring after
Returns the end of a given string after the first occurrence of substring, or an empty
string if substring is not found.
Replace
Replaces every occurrence of a string pattern within another string with a provided
replacement string. The function is case sensitive.
Replace first
Replaces the first occurrence of the regular expression with a replacement string.
Only number
Returns the numbers out of a string.
Newline
Starts the following inputs on a new line.
Parameterize
Changes a string to a parameter.
Synonym
Specifies a synonym for a string value.
Squeeze
Removes double characters from a string, like whitespaces.
Starts with
Returns TRUE if the first argument string starts with the second argument string,
and otherwise returns FALSE.
Truncate
Shortens a string based on the maximum number of characters. Standard “…” is
added behind the return, you can change this by sending a 3rd parameter.
<text> contains <text>
Tests that a string contains another string.
<text> does not contain <text>
Tests that a string does not contain an other string.
<text> does not end with <text>
Tests that a string does not end with an other string.
<text> does not start with <text>
Tests that a string does not start with an other string.
<text> ends with <text>
Tests that a string ends with an other string.
<text> is empty
.Tests that a string is empty. An empty string contains no characters and is
equivalent to ““. A string is not empty if it contains a space (“ “)
<text> is not empty
Tests that a string is not empty. A string is not empty if it contains a space (“ “).
Print <text>
Prints a string to standard out.
<text> starts with <text>
Tests that a string starts with another string.
The length of <text>
Returns the number of characters in a string.
<date> is on or after <date> and on Tests that a date is in a range in which both dates are included.
or before <date>

URL function Add personal area to URL path
Get book markable URL
Get exception URL
Get owner URL path
Get personal area name
Xpath

Xpath
Xpath list
Xpath number
No category Level clause
Load bitmap
Type of
Is active
Sleep
Space
User defined procedure

Adds the personal area for the user name that is running the module to the URL
path provided by the input parameter.
Returns the URL of the screen that is currently being processed in the web flow.
Returns the URL of the screen where the last exception was raised.
Returns the URL path of the module that owns the element that is being processed.
Returns the name of the personal srea where the module is currently running. The
name of the personal area is the username that is running the module.
Automatically reads a specified path in a specified XML document.
Automatically reads a specified list in a specified XML document.
Automatically reads a specified variable in a specified XML document.
Modifies the default level for triggering a rule, changing it to a later level.
Define the image that will be associated with a variable.
Determines the type of an instance. The function returns the name of the entity.
Determines if an instance of a specific type is currently active.
Allows making a pause for a given number of seconds during the execution of a
program.
Return a string filled with blank characters.
Calls a GeneXus object with a particular feature: it will return necessarily a result to
the object that called it.
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Null binary
Null date
Null identifier
Null object
Null text identifier
Description
Follow
Setting
Action
Include?
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Returns an empty binary data value.
Returns the default date value.
Returns an integer entity identifier pointing to no record.
Returns an empty object value.
Returns a text entity identifier pointing to no record.
Returns the description of a concept.
Terminates the script and follows the flow of the given button.
Returns implementation specific settings (e.g. company reply adress).
Runs a specific action.
Returns TRUE if the given object is present in self.
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User Interface Elements

Attribute values Asset
Aggregate list
Attribute input
Attribute read only
Data view
Data grid
DateTime picker
Editable table
Form
Input field
Instance linker
Instance list
Label (read only)
List records
List view
Password
String input
String (read only)
Table records
Template grid
Text area input
Text area (read only)
Tree list
Bar
Control bar
Search bar
Sort bar
Button
Button
Back button
Cancel button
Check button
Delete button
Deselect button
Edit button
Event button
Export to Excel button
Export to .CSV button
Flow button
Find button
First button
Get button
Help button
Insert button
Last button
Link button
New button
Next button
Page button
Previous button
Print button

1
1
1
1

1
1

1
1

1

1
1
1 1

1

1 1
1 1

1
1 1
1
1

1
1

1
1
1 1
1

1
1
1
1
1 1 1 1 1 1
1

1
1

1
1
1 1
1
1 1
1
1 1
1

1 1
1 1
1
1

1 1
1
1
1

1
1 1
1
1 1
1 1 1 1 1

1
1
1
1

1
1
1

1
1
1

1

1
1
1

1

1

1 1 1

1
1
1

1

1
1

1

1
1
1
1
1 1

1
1
1
1

1
1 1 1
1

1 1
1

1
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Total:

UI element

Formetis:
GorillaIT:
WEM.io:
Usoft:
Cordys:
Thinkwise:
Servoy:
Outsystems:
AFAS:
Mendix:
IBM:
Triggre:
Genexus:
Blueriq:
Betty Blocks:
42Windmills:

UI element type

1
1
6
6
1
2
4
4
3
2
1
1
2
6
1
6
5
3
5
1
6
4
6
1
1
1
1
1
3
1
3
1
1
1
1
1
7
1
1
1
1
1
3
1
1
3
7
1
1
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Charts

Comment
Decision tree
Dialog
File

Filter

Flow
Google

Group

History
Layout

Refresh button
Remove reference button
Save button
Ajax save button
Select all button
Select button
Sidebar toggle button
Sign out button
Area chart
Bar chart
Chart gauge
Column chart
Gantt chart instance details
Gantt chart process overview
GX chart
Line chart
Motion chart
Organizational chart
Pie chart
Pyramid chart
Comment
Comment list
Decision tree evaluator
Decision tree selector
Batch modify dialog control
Dialog
File download
Download document
File upload
Web file upload
Filter
Filter form
Search form
Prefilter panel
Flow on refresh
Flow widget
Google analytics
Google feed
Google gadget
Container
Containment
Group
Groupbox
History manager
Navigation tree
Layout container
Floating layout control
Horizontal section
Vertical section
Freestyle grid
Xgrid
Placeholder
Horizontal split lane
Vertical split lane
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1
1
1

1
1

1 1

1
1
1
1
1
1
1

1

1
1
1
1
1 1

1
1 1
1
1 1

1 1
1 1
1
1
1 1

1 1

1

1 1
1

1
1
1
1
1
1
1
1
1
1

1

1 1

1

1 1
1
1
1
1

1

1

1
1
1
1
1

1

1
1

1
1

1

1
1

1 1
1

1
1
1
1
1
1

1
1

1
1
1
1

1
1

Table F.54: UI elements per MDEE page 2

1
1
4
1
1
1
1
1
1
5
2
5
1
1
1
6
1
1
5
1
1
1
1
1
1
1
4
1
4
1
1
1
3
1
1
1
1
1
2
3
1
5
1
1
1
1
1
2
2
1
1
1
2
1
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Login
Media

Maps

Menu

Page

Panel

Portal
Process

Progress

Rate
References

Element position
Element size
Login using Facebook
Login using LinkedIn
Audio player
Concept set image selector
Document link
Image
Image capture
Image gallery
Image uploader
Media player
Read speaker
Baidu map
Google map
Google maps locator
Google geo map
Google intensity map
Yahoo map
Context menu
Menu bar
Simple menu bar
Page
Embedded page
Detail page
Form page
Graph page
Table page
View page
Wizard page
Panel
Accordean panel
Alert panel
Cube view panel
Dashboard controller panel
Report panel
Tab panel
Tabless panel
Portal page
Portal message listener
Process steps
Process arrow steps
Process diagram
Process due date
Process instances list
Process summary
Progress bar
Timeline
Statusbar
Rate
Rating view
Input reference set selector
Reference selector
Reference set selector
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1 1
1 1

1 1
1 1

1 1
1 1

1 1 1
1 1 1
1
1
1
1

1
1

1 1

1 1 1
1

1
1
1
1
1
1

1 1

1
1

1
1
1
1
1
1 1

1

1
1 1
1 1 1 1 1 1

1
1
1
1
1
1
1

1 1

1 1

1
1
1
1
1
1

1 1

1
1 1 1 1
1

1
1
1
1

1

1
1
1
1

1
1 1

1

1

1
1
1
1
1
1
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9
9
1
1
1
1
1
6
1
1
1
1
1
1
4
1
1
1
1
1
3
1
9
1
1
3
1
1
3
1
1
1
1
1
1
1
7
1
1
1
1
1
1
1
2
1
3
2
1
1
1
1
1
1
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Report

Selection

Shapes

Share

Statistics

Task

Team
No category

Basic report
Report pane
Report drop down
Report date range selector
Report button
Report charts
Checkbox
Combo box
Drop down list
Radio button
Slider
Spinner
Border panel
Rectangle
Rounded rectangle
Circle
Share Facebook
Share Twitter
Share LinkedIn
Share all social media
Statistics aggregates
Statistics process
Statistics visualization
Case list
Task list
Task due date
Work list
Team roster
Team summary
Artifact viewer
Bread crumb
Calendar
Color picker
Error viewer
Expression
External content
FB hover panel
HTML
Hyperlink
Justification tree
Navigation list
Pivot table
Preferences
Query viewer
On/off switch
Reusable UI part
Ribbon
Rich text
RSS
Scheduler
Scroll container
Stream
Tip tool
Type ahead
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1
1
1
1
1
1
1
1

1 1
1 1
1

1
1 1
1
1 1

1 1 1
1
1 1
1 1
1 1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1

1

1
1
1
1
1
1 1 1
1
1
1
1

1

1
1
1
1

1

1

1

1

1
1 1

1
1
1
1
1
1
1 1

1

1
1
1

1 1

1
1
1

1
1
1 1

1

1 1 1
1
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1
1
1
1
1
1
5
3
6
6
3
1
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
1
1
1
1
3
2
1
2
1
1
5
4
1
1
1
1
1
1
3
1
2
1
2
1
1
8
1
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Web component
Web navigator
XML utility
Total:
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1

1
1
1

2
1
1

4 4 35 58 9 41 61 0 23 34 19 53 36 39 2 0 418

Legend:
Dashboard element only
Does not have elements
Total statistics
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UI Element Definitions

UI element type UI element
Attribute values Asset

Bar
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Definition
A collection of one or more text blocks. The format of these text blocks is determined by the
asset type that is used by the asset.
Aggregate list
The aggregate list container can be used to create a tabular overview of aggregates. The
aggregates will be displayed in a table, which consists of columns that can contain metadata,
custom metadata and actions (buttons and events).
Attribute input
Displays the name of an attribute and an input box in which a user can provide a value to the
specific attribute corresponding to its attribute type (automatic check). For example: a date
attribute will automatically result in a data input calendar.
Attribute read only Displays the name of an attribute and its value.
Data view
Shows the contents of exactly one object. If, for example, you want to show details of a single
customer you would use a data view to do this. The data view typically contains input widgets
like text boxes with labels. In more complex screens, a data view can contain tab controls per
topic (address, payment information) and data views and data grids for related objects (order
history, wish list).
Data grid
Displays a list of objects in a grid. For example, a data grid can show all the orders a customer
has placed. Using controls provided by the data grid you can browse, search and edit those
objects.
DateTime picker
Allows a user to provide a value for an attribute with the date type. Automatically displays a
calendar from which the user can select a specific day, month and year.
Editable table
Allows a user to create and edit multiple records of an entity at once.
Form
Allows a user to create, show and edit a single record of an entity.
Input field
Allows a user to type text and use formatting facilities (allignment, bold, italic etc.) available at
the formatting toolbar.
Instance linker
Allows a user to connect an isntance of one entity to the instance of a related entity.
Instance list
Displays instances of an entity, and of subtypes of that entity (see Containers for Lists). The
container can contain an expression to filter the entities shown. The instances to show can also
be filtered by accessing the container through a multi-valued relation (i.e., setting the context
for the container).
Label (read only)
Displays a read only text in a label icon.
List records
Displays multiple records of entities, structures or a combination of the two.
List view
Shows a list of objects arranged vertically. Each object is shown using a template. During
development, the object template is defined by placing a widget inside the list view's dropzone.
The list of objects shown is determined by a data source.
Password
Allows a user to fill in a textual input which is represented on the screen as black password dots.
String input
Allows a user to provide an attribute value for attributes with the string type.
String (read only) Displays an attribute value for the attribute with a string type.
Table records
Displays multiple records of entities, structures or a combination of the two in a table structure.
Template grid
Shows a list of objects in a tile view. For example, a template grid can show a list of products.
Using controls provided by the template grid you can browse, search and manipulate those
objects. The template grid has a lot in common with the data grid. The main difference is that
the objects are shown in templates (a sort of small data view) instead of rows.
Text area input
Can be used to edit a long text value that can be split over several lines.
Text area (read
Can be used to display a long text value that can be split over several lines.
Tree list
Provides a rich visual presentation of hierarchical data. It can be fully customized at design time
or runtime (if necessary) through a vast set of properties that allow you to configure how the
tree will be displayed.
Control bar
The control bar of the template grid, data grid, and reference set selector allows you to
manipulate the objects displayed by means of buttons. By default, both grids will be created
with a new, edit, and delete button in the control bar. The control bar can also include a number
of selection options and spreadsheet export buttons, as well as microflow buttons for custom
actions.
Search bar
Contains search fields that allow the end-user to quickly find the information he or she needs.
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Sort bar

Button

Button
Back button
Cancel button
Check button
Delete button
Deselect button
Edit button
Event button
Export to Excel
button
Export to .CSV
button
Flow button
Find button
First button
Get button
Help button
Insert button
Last button
Link button
New button
Next button
Page button
Previous button
Print button
Refresh button
Remove button
Save button
Ajax save button
Select all button

Select button

Sidebar toggle
button

Charts

Sign out button
Area chart
Bar chart
Chart gauge
Column chart
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Contains a number of sort items. Each sort item specifies what attribute to sort on and in what
direction (ascending or descending). First the contents of the grid will be sorted on the first item;
if two rows are the same with respect to this sort item the second item will be used et cetera.
For example, if you have sort items for name and age and two people have the same name they
will be sorted on their age.
Pressing this button will trigger manual program behavior.
Pressing this button will navigate the user to the previously visited page.
Pressing this button will roll back any changes made on the object shown in the data view.
Pressing this button will check whether a provided ID exists in the database.
Pressign this button will permantetly delete the selected item and will not save it to the
clipboard.
Pressing this button will deselect all rows in the grid or reference set selector.
Pressing this button allows a user to edit, or view, an object selected in the grid or reference set
selector.
Pressing this button will throw a predefined event.
Pressing this button exports the contents of the grid or reference set selector to an Excel file.
Please note that constraints by use of search fields and sorting will also be exported.
Pressing this button exports the contents of the grid or reference set selector to a .CSV file.
Please note that constraints by use of search fields and sorting will also be exported.
Pressing this button will execute a predefined flow.
Pressing this button will create a new object and open a page to edit the new object.
Pressing this button will display the first record of the table, according to the current index.
Pressing this button will display the first record of the table that matches the filter results.
Pressing this button will invoke the help message for the specified object, attribute or variable.
Pressing this button inserts a new record in the data set.
Pressingt this button will display the last set of records of the table, according to the current
index.
Pressing this button will navigate the user to a predefined URL.
Pressing this button creates new objects in a grid or reference set selector.
Pressing this button will display the next records of the table, according to the current index.
Pressing this button will bring the user to a different webpage according to the web flow.
Pressing this button will display the previous records of the table, according to the current index.
Pressing this button will pop-up the print options for the specific machine.
Pressing this button will refresh the current page.
A button specifically made for the reference set selector. With this button the end-user can
remove objects that have been added to the reference set selector.
Pressing this button will commit any changes made on the object shown in data view.
Pressing this button will refresh a predefined part of the current page.
Pressing this button selects all objects in a grid, or reference set selector. With the selection type
property you can determine whether this button should select the objects on the current page,
or the objects on all pages.
Pressing this button confirms the choice of a row of a grid when it is used for selecting an object
for a reference selector or reference set selector. For this reason, the select button can only be
placed on a grid in a page that is connected to a reference selector or to the 'Add' button of a
reference set selector.
Pressing this button will make a region of a scroll container or layout container appear or
disappear. This makes it possible to create sidebars, for instance a menu on a mobile phone that
is hidden by default and can be shown by clicking the button. See the picture for an example
layout that used the sidebar toggle.
Pressing this button will sign out the currently signed in user.
Displays an area chart (a line chart with area space under the line).
Displays a bar chart based on data in the database.
Displays a gauge chart based on data in the database.
Displays a column chart based on data in the database.
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Comment

Decision tree

Dialog

Gantt chart
instance details
Gantt chart process
overview
GX chart
Line chart
Motion chart
Organizational
Pie chart
Pyramid chart
Comment
Comment list
Decision tree
evaluator
Decision tree
selector
Batch modify dialog
control
Dialog

File

Download
CMIS Download
document
File upload
Web file upload

Filter

Filter
Filter form
Search form
Prefilter panel
Flow on refresh

Flow

Flow widget

Google

Google analytics
Google feed

Group

Google gadget
Container
Containment
Group
Groupbox

History

History manager
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Displays a Gantt chart that displays process instance details.
Displays a Gantt chart that displays aggregate process data.
Displays dynamically generated charts (line, bars, pie).
Displays a line chart based on data in the database.
Displays a motion chart based on data in the database.
Displays a chart of the organizational structure that supports selection.
Displays a pie chart based on data in the database.
Displays a pyramid chart based on data in the database.
Shows comments from users. It contains a text area and a comment button.
Presents a list of placed comments on an item. It is able to filter on a certain user and only
display comments within a certain period of time.
Allows a user to process a cecision tree.
Allows a user to specify symptioms and search for decision trees that match these symptoms.
The matching decision trees are presented in a result list.
Displays a dialog that allows users to update a batch of process instance values and use the
projected path management capabilities.
Displays a secondary windows that contains other controls. It can be configured to be a modal or
nonmodal in the siplays of the contained controlls.
Displays a container that allows user to download files from a web service or model.
Displays a container that allows a user to download a document from the DMS and show a link
on the screen to open/download the document.
Allows a user to upload and store multiple files.
Allows a user to upload one document to the session scope. This container should be used with
the CMIS Document Manager service (with parameter store) to actually store the document to
the DMS. You can place this container on a page or in an other container to use.
Displays a filter that allows users to query records on keywords.
Displays a form that allows a user to create specific filters.
Displays a form that allows a userto create elaborate search queries over the database.
Displays a bar that allows a user to filter and displays records based on values and categories.
Makes it possible to trigger a flow after a refresh within the same page. In this flow you can
execute all kind of service types, subflows and repeat flows (pages are not supported).
Allows a user to model a dashboard containing widgets that influence and react on other
widgets. The container acts as a placeholder in which a flow can be started. This container reacts
on a portal message that you define inside the widget. The portal message is available from the
message bus. As soon as the portal message is received, the connected flow is restarted. The
widget can possibly react on more than one portal message, but not on more portal messages at
the same time. The data from the portal message is placed in the profile before flowing.
Allows a modeler to easily integrate all the features provided by Google analytics in his/her
websites.
Implements a Google Ajax feed API, which allows users to consume many RSSs from any source
in a simple way.
Allows a modeler to include any Google gadget inside the application.
Used to group attributes or text elements together.
Allows a the presence container within a container.
Allows a modeler to group different elements visually together, and subsequently style or hide
those widgets simultaneously.
Allows a modeler to group different elements visually together, and add behavior such as
collapse and expand.
Listens for changes in the URL. Every time a change occurs, it triggers the event URLChanged.
Changes in the URL that are monitored are those that occur after the # (hash).
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Layout container

Floating layout
control
Horizontal section

Login

Media

Maps
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Displays a configured menu in the form of a tree. Items can have subitems in which case the
main item can be expanded. The menu structure of the navigation tree can have three levels. In
the end a menu item points to either the page or the microflow that will opened or started
when the item is clicked.
Is used to divide the layout in regions such as a header, sidebar or footer. A layout container
must be the only top-level widget. Apart from that, a layout container can only be placed
directly in another layout container.
Creates an area in which layout elements are arranged side by side horizontally.

Creates an area in which layout elements are arranged side by side horizontally. If the layout
element is a coach view that is bound to a list, the section repeats for each item in the list.
Vertical section
Creates an area in which layout elements are arranged side by side vertically. If the layout
element is a coach view that is bound to a list, the section repeats for each item in the list.
Freestyle grid
Allows users to format the data so that it is displayed in a more flexible way than in the standard
grid. Basically, it is a table where we can add attributes/variables, text
blocks, images, buttons, web components, embedded pages, other free style grids and/or grids
that will later be displayed on the screen.
Xgrid
Displays tabular data. It can be used to construct multi-functional, high-performance grids. XML
data is the basis of the content in an XGrid.
Placeholder
Defines a 'gap' that can be filled in a page that is based on that layout or in another layout that
defines that layout as a master layout.
Horizontal split
Creates a region that is split in two by a horizontal divider. In the client the divider can be
pane
dragged up and down by the end user.
Vertical split pane Creates a region that is split in two by a vertical divider. In the client the divider can be dragged
up and down by the end user.
Element position
Allows the modeler to determine the position of a UI element.
Element size
Allows the modeler to determine the size of a UI element.
Login using
Provides a log in user infterface element that allows an end user to log in to the application with
Facebook
a Facebook accound.
Login using
Provides a log in user infterface element that allows an end user to log in to the application with
LinkedIn
a LinkedIn accound.
Audio player
Provides a tune to a website and controls that allow a user to adjust the sound (pause/play,
volume).
Concept set image Allows a modeler to display an image instead of the name of the concept set.
selector
Document link
Shows a link where a blueriq studio document can be downloaded.
Image
Shows a predefined image on a page.
Image capture
Displays an element that connects with a user's webcam, and allows to capture images with that
webcam.
Image gallery
Provides an elegant way of displaying pictures and interacting with them. It basically offers two
different ways of displaying pictures, using either a table or a slider view. The "table view" is
based on Lightbox Image Viewer 2.03, which is a unobtrusive script used to overlay images,
while the "slider view" is based on FrogJS, which is a sequential image gallery. Both controls
were extended to manage Ajax events that are handled from GeneXus code (server
side) allowing you to work with the currently selected image.
Image uploader
Is used to upload images to the server. It also generates a thumbnail of the uploaded image. The
uploaded image or its thumbnail can be shown by use of the image viewer.
Media player
Handles different kind of sources (video, audio, images) that could be wanted in a web
application.
Read speaker
Provides a control that pronounces text.
Baidu map
Displays a Baidu map with predefined marking points on it.
Google map
Displays a Google map with predefined marking points on it.
Google maps
Displays a google map with predefined marking points on it, where a user can also search for
locator
other places.
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Menu

Google geo location
Google intensity
map
Yahoo map
Contextmenu
Menu bar

Simple menu bar

Page

Page
Embedded page

Detail page
Form page
Graph page
Table page
View page
Wizard page
Panel

Panel

Captures geo coordinates and other information about the user.
Displays a map that highlights regions or countries based on relative values.
Displays a Yahoo map with predefined marking points on it.
Creates a shortcut menu with entries defined using menu items.
Displays a configured menu in the form of a horizontal bar with items. Items can have subitems
in which case the main item can be expanded. Subitems cannot have subitems again. In the end
a menu itempoints to either the page or the microflow that will opened or started when the
item is clicked.
Displays a configured menu in the form of a horizontal or vertical bar with images and captions.
Items cannot have subitems; the menu structure can only have one level. The menu items points
to either the page or the microflow that will opened or started when the item is clicked.
Define the end user interface of an application. Every page is based on a layout. A page fills the
'gaps' defined by a layout with widgets such as the data view and the data grid.
Displays content from any URL in Web Objects generated by GeneXus. It is a control that can be
inserted in a Web Panel or Web Transaction. Also, it may be associated to any page or GeneXus
Web Object, the content of which will be included within the object at runtime.
Displays a generated page that cannot be altered by modelers, where the details of a single
entity are given.
Displays a generated page that cannot be altered by modelers, where the user can enter data of
a single entity.
Displays a generated page that cannot be altered by modelers, where a single bar, line or pie
chart is shown.
Displays a generated page that cannot be altered by the modelers, where the user can enter
data of multiple entities.
Displays a generated page that cannot be altered by modelers, where the user can see the
information of multiple entities.
Displays a generated form that cannot be altered by modelers, what automatically gets the
fields created in a user triggre.
Appears as a block when an alert event (succes, info, warning & danger) goes off and contains a
(text) message. Can be collapsed and expanded.

Accordean panel
Alert panel

Portal

Process
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Displays collapsible content panels for presenting information in a limited amount of space.
Appears as a block when an alert event (succes, info, warning & danger) goes off and contains a
(text) message. Can be closed.
Cube view panel
Allows a user to select a predefined view of a graph or pivot table.
Dashboard
Allows users to navigate between dashboards. To enable users to navigate between a standard
controller panel
dashboard (such as the team performance dashboard or the process performance dashboard)
and a custom performance dashboard, a custom copy of the navigation controller is required.
Tab panel
Allows the insertion of two or more forms for which switching is done programatically. Tabless
panels are often used for nested forms.
Tabless panel
Allows the insertion of two or data forms with visible tabs enabling users to switch from one
data form to another.
Portal page
Displays a generated page that cannot be altered by modelers, in which an administrator can
edit which page is visible for which kind of user.
Portal message
Allows a user to react on portal messages. It is an invisible container that gives you exits on a
listener
page which can be triggered by a portal message. The container has no parameters. The
containments consists of one or more portal messages, each with a 'mapping' between the
message field and the corresponding attribute.
Process steps
Displays all the steps of the process including an indication of whether the process step is in the
past, now or future.
Process arrow steps Displays all the steps of the process in arrow images including an indication of whether the
process step is in the past, now or future.
Process diagram
Displays process data in a visual diagram that can be annotated with additional information
based on configuration options.
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Shapes
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Process due date
Process instances
list
Process summary
Progress bar
Statusbar
Timeline
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Allows users to edit the due date of a process.
Displays the list of instances for a specified business process definition. Several filters control the
actual selection.
Displays an active summary information for a specified process.
Displays the progress of an activity at run time.
Displays the status of the process at run time.
Shows a timeline of events. You can set a filter for a specific case and time period. To use this
functionality you need the trace engine plugin. With this plugin it is possible to store tasks,
cases, documents and events. For storage there are two ways: either in memory or in file. The
former can hold its information only during the session - after the session expires, the
information is lost. The latter stores the information in the traceability database table. This
container type uses the content style 'timeline'.
Rate
Allows a user to give a rating between 1 and 5 stars.
Rating view
Allows other users to view the average rating of all users between 1 and 5 stars.
Input reference set Allows a user to view and and edit associations for which the multiplicity setting is configured to
selector
allow multiple parent objects to associate with multiple children. This type of association is also
known as a reference set.
Reference selector Allows a user to view and edit associoations between entities at run time.
Reference set
Allows a user to set an association of type reference set by selecting objects. For example, if
selector
customers can belong to several groups, a reference set selector can be used to select the
groups the customer belongs to. This requires that there is an association from customer to
group of type reference set in the domain model.
Basic report
Displays reported data in a grid.
Report button
Pressing this button will generate the selected report.
Report charts
Displays a data set grapghically as a set of vertical bars.
Report date range Allows a user to filter a report on a parameter of the data set which has type DataTime.
selector
Report drop down Allows a user to filter a report on a specific parameter of the data set.
Report pane
Reports are defined in a report pane, which are inserted in a page.
Report panel
Allows a user to perform actions on and with reports such as: filter, save, print, adjust etc.
Checkbox
Presents a checkbox to the user that he/she can manually check or uncheck.
Combo box
Presents a list of possible values from which the end-user can only select one of the values
presented.
Drop down list
Presents a drop down list to the user from which he/she can select a value.
Radio button
Presents a group of radio buttons to the user from which he/she can only check one.
Slider
Displays a slider than the user canslide to provice a numeric input.
Spinner
Displays a spinner which allows a user to scroll through different (list) options.
Border panel
Allows a modeler to draw the border for a panel.
Rectangle
Allows a modeler to draw a rectangle figure on the screen.
Rounded rectangle Allows a modeler to draw a rounded rectangle on the screen.
Circle
Allows a modeler to draw a circle figure on the screen.
Share Facebook
Adds a button to the UI that allows a user to share the respective page on Facebook.
Share Twitter
Adds a button to the UI that allows a user to share the respective page on Twitter.
Share LinkedIn
Adds a button to the UI that allows a user to share the respective page on LinkedIn.
Share on all social Adds a share Facebook, share Twitter and share LinkedIn button on the respective page.
media
Statistics
Displays statistics about aggregates. For instance, regarding all person aggregates, how many
aggregates
men and how many women are currently present?
Statistics process
Displays statistics about processes. For instance, regarding all request cases, how many cases
that started after january 1st 2015 are still open? And closed?
Statistics
Displays a combination of individual statistics. At this moment, there are two types of statistics,
visualization
Statistic Process and tatistic Aggregate. The former is used to create a statistics about the
case/process by querying entities of the process domain. The second to to create statistics about
aggregates, by querying the aggregates' custom and standard meta data. All these containers
are counts, so they will each result in a positive number, being 0, 1 or more.
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Case list

Task list
Task due date
Work list

Team

Team roster

No category

Team summary
Artifact viewer

Bread crumb
Calendar
Color picker
Error viewer
Expression
External content
FB hover panel
HTML
Hyperlink
Justification tree
Navigation list
Pivot table
Preferences

Query viewer
On/off switch
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Rich text
RSS
Scheduler

Scroll container

Stream
Tip tool
Type ahead
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Displays a list of cases which are started. When a case is selected, the corresponding ID is
returned. The case selector container will function comparable to the current worklist container:
clicking a case on an action button will place the id in the selected target attribute for the case
ID.
Displays the list of existing tasks for the current user. The task list can be filtered according to
specified users, teams, dates, and search criteria.
Histogram that displays the distribution of tasks, ordered by due date.
Creates a tabular overview of a person’s work or case load (see Containers for Lists). Tasks will
be displayed in a table manner and consists of columns which can contain ‘data’ (entities,
attributes), ‘task data’ (task details), ‘actions’ (buttons and events) and 'custom fields'.
Displays a list of team members for a specified team and, optionally, displays users with active
or selected tasks assigned to them.
Displays an active task summary information for a specified team.
Displays a list of artifacts. Artifact is a generic term that represents any entity such as task,
object, service group, and service container. This component has four modes in which to display
the artifacts: icon, list, detail, and tile. You can select a display mode both during runtime and
design-time.
A breadcrumb acts as a navigation overview tool and will typically be placed at the top of a page.
The breadcrumb container can be placed directly onto a page or into another container.
Displays a calendar that allows users to plan projects.
Displays a color picker that allows a user to select a color. This color can be saved to the
database and subsequently used for other elements such as font and background color.
Displays messages to the user with the msg command
Displays an expression with a value that is computed at runtime and ca use data from the
eSpace.
Offers the possibility to display external content by entering a URL using an expression.
This URL can make use of the information within the profile to enter search criteria.
Displays information when the mouse goes over a predefined area of the screen.
Allows a modeler to display a custom made HTML widget.
Displays a predefined hyperlink.
Displays the justifications for logical elements.
Can be used to attach an action to an entire (table) row.
Displays a pivot table with predefined data.
Is used to store information, such as user preferences, in the XML store. It is a free-form control,
which means you cannot bind it to a data model. Also, you can add only one preferences control
to an XForm.
Displays data as a result of executing a query object or data provider object. The possible
viewing options are pivot table, table and different type of charts.
Displays an ON/OFF switch that can trigger different events.
Allows a modeler to group different UI elements together as one element, and use that element
in other webpages.
Within this element a user can display different buttons.
Adds a rich text editor to the web page.
Adds a RSS feed displayer.
Allows managing a schedule of chronological events. The events can be viewed by day, week or
month, as well as they can be added, updated and deleted directly on the control using the
mouse.
Is used to divide the layout in regions such as a header, sidebar or footer. A scroll container must
be the only top-level widget. Apart from that, a scroll container can only be placed directly in
another scroll container.
Displays activity data for a specified user in a common stream-based format.
Allows a modeler to add a mouse-ver text on a uI element.
Enables users to continue typing regardless of program or computer operation. The user may
type in whatever speed he or she desires, and if the receiving software is busy at the time it will
be called to handle this later.
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Web objects that can be executed independently (like any other web object), or they can be
part of another web object (a web panel or web transaction).
Displays a tree-based navigation model based on an Xform.
Can be used to manage XML documents. This control can be used to perform various methods
on the XML documetns available on an Xform.
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Generation and Interpretation

1
-

1
1
1
1
1
1
-

Total (%):

1
- 1 1 1 1 1 1
1
1 - - - - - 1
- Gx - 1 - - - 1 1
- - 1 - - - 1 1 1 - 1 1 - 1
1
- - - - 1 - 1
1 BPMN - - 1 - - 1 UI
1
- - - - - - - - - - - - 1
1 1
1 1 - 1
1
- - - - 1 - 1
- - - - - - 1
1 1 1 1 1 1 1 1
1
- - - - - - 1
- - - - - - -

Total:
Formetis
GorillaIT

1
1
-

WEM.io

1
1
1
1
1
1
1

Usoft
Cordys
Thinkwise
Servoy
Outsystems
AFAS
Mendix
IBM
Triggre

Modeling Tool Native modeling tool
Web modeling tool
Programming Programming mandatory
Programming optional
Engine
Generation
Two step generation
Interpretation
Storage
XML as data storage
Store model locally
Portability
Convert model to XML
Support different stacks
Plug & play architecture
Application
Web application
Native application
Runtime workflow modeling

Genexus

Transformation differences

Blueriq
Betty Blocks
42Windmills

Difference
category

1 - 1 - 9 56%
- 1 - 1 8 50%
- WEM 1 1 7 44%
- - - - 1 6%
- - 1 - 8 50%
- - - - 3 19%
1 1 1 1 12 75%
- - - - 1 6%
1 - - - 1 6%
- 1 - - 8 50%
- - - - 4 25%
- - - - 1 6%
1 1 1 - 15 94%
1 - - - 3 19%
- - 1 - 2 13%

Legend:
Adverse side effect
Program in IDE
DSL close to code
Total statistics

Table F.66: Generation, interpretation and code compilation per MDEE
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Application output

1

1 1

1

1

1 1

1
1

1

1
1

1 1

Total (%):

Business application
BPM application
ERP application
DEMO engine

Total:
Formetis
GorillaIT
WEM.io
Usoft
Cordys
Thinkwise
Servoy
Outsystems
AFAS
Mendix
IBM
Triggre
Genexus
Blueriq
Betty Blocks
42Windmills

Application output
type

7 44%
2 13%
1
6 38%
1 1 6%

Table F.67: Application output per MDEE

Legend:
Requires programming
Total statistics
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Appendix G. AFAS Next Meta Model
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Figure G.1: The meta data model of Afas Next
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Table H.1 presents al identified differences in Figure H.6 to H.21.
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Table H.1: Transformation differences per MDEE

Figure H.1: legend for generation/interpretation processes using DFDs
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Detailed vs. Simple Visualization for Generation and Interpretation Processes

Figure H.3:
Simple
visualization
of the code
generation
process
Figure H.2: Detailed description of the code generation process
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Summary of Figure H.2:
1. The code generator receives the model.
2. The code generator retrieves and uses code templates from a database in order to generate
queries, back-end and front-end code.
3. The queries are executed by a DBMS to create an end application database.
4. The created back-end code goes through a compiler and becomes byte code, which forms
the back-end system.
5. The front-end code is deployed on a front-end server and provides users with the front-end
side of the application.
6. The front-end sends user request to, and receives back-end responses from, the back-end.
The back-end stores and retrieves data from the end application database via the DBMS

Figure H.5: Simple visualization of the code
generation process
Figure H.4: Detailed description of the model interpretation
process

Summary of Figure H.4:
1. The model interpreter receives the model.
2. The model interpreter generates queries, compiles the models to byte code which forms
the back-end, and forward JSON objects and JavaScript for the UI elements.
3. The queries are executed by a DBMS to create an end application database.
4. The JSON objects are deployed to a front-end server and converted to HTML through
JavaScript.
5. The front-end sends user request to and receives back-end responses from the back-end,
and the back-end stores and retrieves data from the end application database via the
DBMS.
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Generation and Interpretation processes per MDEE

H.3.1

42 windmills

Figure H.6: The transformation process of 42Windmills
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Summary of Figure H.6:
1. The modeler models the software in the web modeling environment.
2. The modeling environment saves the model in a relational database.
3. The code generator accesses the model from the relational databases, and subsequently
retrieves and uses code templates saved in a database in order to generate the source code.
4. The source code is downloaded to an IDE and worked on by a developer.
5. The manipulated code is compiled by a compiler to byte code, which forms the web
application
6. Within the web application there is a workflow modeling tool in which the end user can
model workflows.
7. The workflow model is saved in a relational database and subsequently retrieved by the
workflow engine.
8. The workflow engine provides the workflow functionality for the web application.

H.3.2

AFAS Next

Figure H.7: The transformation process of AFAS Next

Summary of Figure H.7:
1. The modeler models the software in the native modeling environment.
2. The modeling environment saves the model in a relational database. Additionally, the
modeling environments transforms the model from cache memory to a XML representation
and saves it in a database.
3. The code generator retrieves the XML representation of the model, and uses code templates
saved in a database in order to generate the source code.
4. The code is compiled by a compiler to byte code, which forms the web application
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Betty Blocks

Figure H.8: The transformation process of Betty Blocks

Summary of Figure H.8:
1. The modeler models the software in the web modeling environment.
2. The modeling environment saves the model in a relational database.
3. The model interpreter accesses the relational database and interpreters the models to a
web application.
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Blueriq

Figure H.9: The transformation process of Blueriq

Summary of Figure H.9:
1. The modeler models the software in the web modeling environment.
2. The modeling environment saves the model in a relational database. Additionally, the
modeling environments transforms the model from cache memory to a XML representation
and saves it in a database.
3. Depending on the chosen technical stack, one of the two model interpreters accesses the
database and interpreters the models to a web application.
4. The model interpreter sends the runtime model to an out of the box data service.
5. The out of the box data service stores and retrieves data changes in an XML, which is
saved in a database.
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OpenText Cordys

Figure H.10: The transformation process of OpenText Cordys
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Summary of Figure H.10:
1. The modeler models the software in the web modeling environment.
2. The modeling environment saves the model in a relational database. Additionally, the
modeling environments transforms the model from cache memory to a XML representation
and saves it in a database.
3. The UI compiler transforms the XML representation of the model to XML Xform and
sends it to the UI generator.
4. The business rules compiler transforms the XML representation of the model to XML CRML
and sends it to the business rules interpreter.
5. The database compiler transforms the XML representation of the model to XML XSD and
sends it to the database generator.
6. The process and case compiler transform the XML representation of the model to XML BPEL
and XML SCXML respectively, and both sent it to the process/case interpreter.
7. The UI generator generates front-end code and sends it to the front-end server.
8. The business rule interpreter compiles the XML CRML to business rule functionality.
9. The database generator generates SQL statements that are queried by a DBMS into the
end application database.
10. The process/case interpreter compiles the XML BPEL and XML SCXML to process/case
functionality.
11. The software bus connects all the functionalities together, and manages communication between the different interpreters such all business rule requests & responses, process requests & responses,
data requests & responses and user input & software response.
12. The software bus also regulates requests and responses with connected (legacy) applications
through a connector that needs to be manually coded by a developer
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GeneXus Evolution

Figure H.11: The transformation process of GeneXus

Summary of Figure H.11:
1. The modeler models the software in the native modeling environment.
2. The modeling environment saves the model in a relational database.
3. The Prolog generator accesses the relational database. Additionally, the prolog generator retrieves and uses prolog code templates saved in a database in order to generate
intermediate Prolog code. The intermediate prolog code is subsequently saved in a Prolog
database.
4. Depending on what kind of application should be generated, one of the generators retrieves
the prolog code from the Prolog database. Using code templates stored in a database, the
generator generates the necessary code that forms the end application.
5. A BPMN interpreter retrieves the process models and compiles them to process functionality.
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IBM Business Process Manager

Figure H.12: The transformation process of IBM process manager

Summary of Figure H.12:
1. The modeler models the software in the native modeling environment.
2. The modeling environment saves the model in a relational database. Additionally, the
modeling environments transforms the model from cache memory to a XML representation
and saves it in a database.
3. The code generator retrieves the XML representation of the model, and uses code templates
saved in a database in order to generate the source code.
4. The code is compiled by a compiler to byte code, which forms the web application
5. The software bus regulates requests and responses with connected (legacy) applications
through a connector that needs to be manually coded by a developer
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Mendix

Figure H.13: The transformation process of Mendix

Summary of Figure H.13:
1. The modeler models the software in the web modeling environment. Optionally, a developer
codes additionally functionality in Java
2. The modeling environment saves the model in a relational database.
3. Optionally, the Java code goes through a Java compiler to form byte code, which is sent
to the model interpreter.
4. The model interpreter accesses the relational database and interpreters the models to byte
code. Additionally, the model interpreter integrates the byte code with byte code from the
Java compiler. These two byte codes form a web application.
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Outsystems

Figure H.14: The transformation process of Outsystems

Summary of Figure H.14:
1. The modeler models the software in the native modeling environment.
2. The modeling environment saves the model in a relational database. Additionally, the
modeling environments transforms the model from cache memory to a XML representation
and saves it in a database.
3. Depending on which stack is chosen, one of the code generator retrieves the XML representation
of the model, and uses code templates saved in a database in order to generate the
source code (Java or C#). Depending on which stack is chosen, one of the code optimizers optimizes the
4. The code is compiled by a compiler to byte code, which forms the web application
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Servoy

Figure H.15: The transformation process of Servoy

Summary of Figure H.15:
1. The modeler models the software in the web modeling environment. Additionally, a
developer codes process and business rules functionality in JavaScript.
2. The modeling environment saves the model and JavaScript code in a relational database.
3. The model interpreter accesses the relational database and interpreters the models to byte
code. Additionally, the model interpreter requests JavaScript functionality when it is
required.
4. The relevant JavaScript code goes through a JavaScript JIT compiler and it is sent as
byte code to the model interpreter.
5. The model interpreter integrates the byte code with byte code from the JavaScript JIT
compiler. These two byte codes form a web application.
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Thinkwise

Figure H.16: The transformation process of Thinkwise

Summary of Figure H.16:
1. The modeler models the software in the web modeling environment. Additionally, a
developer codes business rules functionality in Java or C#.
2. The modeling environment saves the model and Java or C# code in a relational database.
3. Depending on whether a native or web systems is selected, the relevant UI interpreter
accesses the relational database and interpreters the UI model to the front-end part of the
application.
4. The remaining parts of the model go through a program object generator to generate program objects.
5. The program objects go through a code generator that uses code templates saved in a
database. The code generator generates Java or C# code and weaves in the written Java
or C# codes containing business rule functionality.

Appendix H. Generation and Interpretation Processes

206

6. The Java or C# code goes through their respective compiler to create the back-end part
of the application.

H.3.12

Triggre

Figure H.17: The transformation process of Triggre

Summary of Figure H.17:
1. The modeler models the software in the native modeling environment.
2. The modeling environment saves the model in a relational database. Additionally, the
modeling environments transforms the model from cache memory to a XML representation
and saves it in a database.
3. The code generator retrieves the XML representation of the model, and uses code templates
saved in a database in order to generate the source code.
4. The code is compiled by a compiler to byte code, and subsequently sent to a zipper.
5. The zipper zips byte code, generated front-end code and SQL in a .ZIP. The .ZIP is
subsequently sent to the modeling environment, which deploys everything to an end
application.
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Usoft

Figure H.18: The transformation process of Usoft

Summary of Figure H.18:
1. The modeler models the software in the web modeling environment. Additionally, a SQL
experts creates SQL queries for the business rules modeled by the layman.
2. The modeling environment saves the model and SQL queries in a relational database.
Additionally, the modeling environments transforms the model from cache memory to a
XML representation and saves it in a database.
3. Depending on whether a native or web systems is selected, one of the two model interpreters
accesses the database and interpreters the models to a web application. Additionally, the
SQl queries are put in place on the end application database.
4. Optionally, a model to flatfile converter transforms the model to byte code, which can be
directly used by the end application.
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WEM

Figure H.19: The transformation process of WEM.io

Summary of Figure H.19:
1. The modeler models the software in the web modeling environment.
2. The modeling environment saves the model in a relational database. Additionally, the
modeling environments transforms the model from cache memory to a XML representation
and saves it in a database.
3. The model interpreter retrieves the .ZIP file hat contains the model, and compiles the
model to byte code that forms the web application.
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GorillaIT

Figure H.20: The transformation process of GorillaIT

Summary of Figure H.6:
1. The modeler models the software in the native modeling environment.
2. The modeling environment saves the model metadata in a relational database.
3. The code generator retrieves and uses code templates from a database in order to generate
the source code.
4. The source code is downloaded to an IDE and worked on by a developer.
5. The manipulated code is compiled by a compiler to byte code, which forms the web
application
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6. Within the web application there is a workflow modeling tool in which the end user can
model workflows.
7. The workflow model is saved in a relational database and subsequently retrieved by the
workflow engine.
8. The workflow engine provides the workflow functionality for the web application.

H.3.16

Formetis

Figure H.21: The transformation process of Formetis

Summary of Figure H.21:
1.
2.
3.
4.

The modeler models the software in the web modeling environment.
The modeling environment saves the model in a relational database.
The model interpreter accesses the relational database and interpreters the models.
The model interpreter is integrated within an other application through a connector that
requires manual development (coding). This application asks the model interpreter whether
specific user actions are allowed.
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Workflow patterns
1. Sequence: An activity in a workflow process is enabled after the completion of another
activity in the same process.
2. Parallel split: A point in the workflow process where a single thread of control splits
into multiple threads of control which can be executed in parallel, thus allowing activities
to be executed simultaneously or in any order.
3. Synchronization: A point in the workflow process where multiple parallel subprocesses/activities converge into one single thread of control, thus synchronizing multiple threads.
4. Exclusive choice: A point in the workflow process where, based on a decision or workflow
control data, one of several branches is chosen
5. Simple merge: A point in the workflow process where two or more alternative branches
come together without synchronization.
6. Multi-choice: A point in the workflow process where, based on a decision or workflow
control data, a number of branches are chosen
7. Synchronization merge: A point in the workflow process where multiple paths converge
into one single thread. If more than one path is taken, synchronization of the active threads
needs to take place. If only one path is taken, the alternative branches should reconverge
without synchronization.
8. Multi-merge: A point in a workflow process where two or more branches reconverge
without synchronization. If more than one branch gets activated, possibly concurrently,
the activity following the merge is started for every activation of every incoming branch.
9. Discriminator: The discriminator is a point in a workflow process that waits for one of
the incoming branches to complete before activating the subsequent activity. From that
moment on it waits for all remaining branches to complete and “ignores” them. Once all
incoming branches have been triggered, it resets itself so that it can be triggered again.
10. Arbitrary cycles: A point in a workflow process where one or more activities can be
done repeatedly.
11. Implicit termination: A given subprocess should be terminated when there is nothing
else to be done. In other words, there are no active activities in the workflow and no other
activity can be made active (and at the same time the workflow is not in deadlock).
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12. Multiple instances without synchronization: Within the context of a single case (i.e.
workflow instance) multiple instances of an activity can be created, i.e. there is a facility
to spawn off new threads of control. Each of these threads of control is independent of
other threads. Moreover, there is no need to synchronize these threads.
13. Multiple instances with a priori design time knowledge: For one process instance
an activity is enabled multiple times. The number of instances of a given activity for a
given process instance is known at design time. Once all instances are completed some
other activity needs to be started.
14. Multiple instances with a priori runtime knowledge: For one case an activity is
enabled multiple times. Once all instances are completed some other activity needs to be
started.
15. Multiple instances without a priori runtime knowledge: For one case an activity
is enabled multiple times. The difference with Pattern 14 is that even while some of the
instances are being executed or already completed, new ones can be created.
16. Deferred choice: A point in the workflow process where one of several branches is chosen.
In contrast to the XOR-split, the choice is not made explicitly (e.g. based on data or a
decision) but several alternatives are offered to the environment. However, in contrast
to the AND-split, only one of the alternatives is executed. This means that once the
environment activates one of the branches the other alternative branches are withdrawn.
17. Interleaved parallel routing: A set of activities is executed in an arbitrary order: Each
activity in the set is executed, the order is decided at run-time, and no two activities are
executed at the same moment (i.e. no two activities are active for the same workflow
instance at the same time).
18. Milestone: The enabling of an activity depends on the case being in a speci
ed state, i.e. the activity is only enabled if a certain milestone has been reached which did
not expire yet.
19. Cancel activity: An enabled activity is disabled, i.e. a thread waiting for the execution
of an activity is removed.
20. Cancel case: A case, i.e. workflow instance, is removed completely (i.e., even if parts of
the process are instantiated multiple times, all descendants are removed.
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Modeling Approaches
J.1
J.1.0.1

Data Modeling Approaches
EAR Modeling Approaches

• Chen’s approach “adopts the more natural view that the real world consists of entites
and relationships. It incorporates some of the important sematnic information about the
real word. The model can achieve a high degree of data indepedence and is based on set
theory and relation theory.” (Chen, 1976).
• Teorey’s approach “produces database designs that are not only accurate representations
of reality, but flexible enough to accommodate future processing requirements. It also
reduces the number of data dependencies that must be analyzed, using the extended ER
model conceptualization, and maintains data integrity through normalization. This approach
can be implemented manually or in a simple software package.” (Teorey et al., 1986).
• Elsmasri & Navathe’s approach “is a conceptual ER data modeling approach enhanced
by incorporating the concepts class/subclass relationships, type inheritance specialization
and generalization.”. (Elmasri, 2008).
• Korth & Silberschatz’s approach “is based on a perception of a real world that consists
of a collection of basic objects, called entities, and of relationships among these objects. An
entity is a “thing” or “object” in the real world that is distinguishable from other objects.
For example, each person is an entity, and bank accounts can be considered as entities”.
(Silberschatz et al., 1997).
• Oracle’s CASE*Method approach is a variation of conceptual ER-modeling used
within Oracle information systems.
• IE approach “An integrated and evolutionary set of tasks and techniques that enhance
business communication throughout an enterprise enabling it to develop people, procedures
and systems to achieve its vision.” (Martin, 1990).
• IDEF1X information model approach “is a data modeling language for the development of semantic data models. IDEF1X is used to produce a graphical information model
which represents the structure and semantics of information within an environment or
system.” (Bruce, 1992).
• Bachman’s approach “is used to design the data with a network or relational ”logical”
model, separating the data model from the way the data is stored in the system.” (Bachman,
1969).
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OR Modeling Approaches

• ORM “ is a method for modeling and querying an information system at the conceptual
level, and mapping between conceptual and logical (e.g. relational) levels.” (Halpin, 2006).

J.2

Workflow modeling approaches

J.2.1

Graph-based modeling approaches:

• FlowMake “is a design and analysis methodology for workflow modeling, which includes a
set of constraints to verify the syntactic correctness of the graphical workflow specifications
by a graph-reduction algorithm.” (Sadiq and Orlowska, 1999).
• ADEPT flex “is a graph-based modeling methodology which supports ad hoc changes
to process schema. A complete and minimal set of change rules is given to preserve the
correctness and consistency property, which provides a comprehensive solution for applying
complex and dynamic structural changes to a workflow instance during its execution.”
(Reichert and Dadam, 1998).
• Conceptual modeling “divides a business process into workflow tasks (WT) and workflow
(WF). A workflow execution architecture is proposed, which supports syntax directed
translation from workflow definition to executable active-rules, and provides operational
semantics and an implementation scheme for many components of WFMS.” (Casati et al.,
1995).
• YAWL “is a Petri Net based workflow language, which supports specification of the control
flow and the data perspective of business processes. The language has formal semantics
that encompasses workflow patterns to guarantee language expressibility.” (Van Der Aalst
and Ter Hofstede, 2005).
• WIDE “is designed to support next-generation workflow management functionality in a
distributed environment. The architecture is based on a commercial database management
system as the implementation platform, with extended transaction management and active
rule support.” (Chan et al., 1998).
• ActivityFlow “provides a uniform workflow specification interface and helps increase the
flexibility of workflow changes by supporting reasoning about correctness and security of
complex workflow activities independently from the underlying implementation mechanism.”
(Liu and Pu, 1997).
• BPMN “supports business process management, for both technical users and business
users, by providing a notation that is intuitive to business users, yet able to represent
complex process semantics.” OMG (2011a).
• UML activity diagram “is a graphical representations of workflows of stepwise activities
and actions with support for choice, iteration and concurrency. Activity diagrams are
intended to model both computational and organizational processes.” (OMG, 2015a).

J.2.2

Rule-based modeling approaches:

• E-C-A based business rules “provides an Event-Constraint-Action (E-C-A) rule-based
process model to serve as an integration layer between multiple process modeling languages,
as well as functionality to support refinement of business rules.” (Knolmayer et al., 2000).
• PLM flow “provides a set of business inference rules which is designed to dynamically
generate and execute workflows. The process definition is specified in business rule templates,
which include backward-chain rules and forward-chain rules. The process instance schema
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is determined by the rule engine using backward-chain and forward-chain inference at
runtime.” (Zeng et al., 2002).
Object-Rule-Role approach “supports reusability and adaptability using E-C-A rules
to allocate tasks and resources in workflows.” (Kappel et al., 2000).
ADEPT “is an infrastructure for designing and implementing multi-agent systems for
workflows. Process logic is expressed in the service definition language (SDL), which
specifies services that give the agents sufficient freedom to take alternative execution paths
at run-time to complete the process goal.” (Jennings et al., 2000).
AgentWork “a WFMS prototype based on agent technology, where agents are used for
monitoring exceptional events. Reactive and predictive adaptations to workflow exceptions
are defined through temporal E-C-A rules and automated by agents. A rule model is
proposed for managing temporal E-C-A rules for workflows.” (Müller et al., 2004).
AgFlow “contains a workflow specification model and the agent-based workflow architecture.
The process definition is specified by defining the set of tasks and the workflow process tuple,
where the control flow aspects can be reflected in the task specific E-C-A rules.” (Zeng et al.,
2001)

Business Rule Modeling Approaches

• SRML “a generic rule language consisting of a subset of language constructs common to
the popular forward-chaining policy engines. (Chaudhry, 2013).
• SWRL “a combination of the OWL DL and OWL Lite sublanguages of the OWL Web
Ontology Language with the Unary/Binary Datalog RuleML sublanguages of the Rule
Markup Language.” (OMG, 2004).
• PRL “addresses the requirement for a common production rule representation, as used in
rule engines from a variety of vendors today.” (OMG, 2009).
• SBVR “is applicable to the domain of business vocabularies and business rules of all kinds
of business activities in all kinds of organizations. It provides an unambiguous, meaningcentric, multilingual, and semantically rich capability for defining meanings of the language
used by people in an industry, profession, discipline, field of study, or organization.” (OMG,
2015b).
• Rulespeak “a set of guidelines for expressing business rules in concise, business-friendly
fashion. It is not a language or syntax per se, but rather a set of best practices for speakers
of English.” (OMG, 2015b).
• OCL “ a formal language used to describe expressions on UML models. These expressions
typically specify invariant conditions that must hold for the system being modeled or queries
over objects described in a model. Note that when the OCL expressions are evaluated, they
do not have side effects (i.e., their evaluation cannot alter the state of the corresponding
executing system).” (OMG, 2003b).
• RuleML “s a family of languages, whose modular system of XML schemas permits highprecision Web rule interchange. The family‘s top-level distinction is deliberation rules vs.
reaction rules. Deliberation rules include modal and derivation rules, which themselves
include facts, queries (incl. integrity constraints), and Horn rules (incl. Datalog). Reaction
rules include Complex Event Processing (CEP), Knowledge Representation (KR), and
Event-Condition-Action (ECA) rules, as well as Production (CA) rules. RuleML rules
can combine all parts of both derivation and reaction rules. This allows uniform XML
serialization across all kinds of rules” (Boley et al., 2010).
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UI Modeling Approaches

• Teallach “has three principal models, a domain model, a task model, and a presentation
model. These models, and the relationship between them, form Teallach’s central components. each of Teallach’s models defines a view of the information required to generate an
interface to a particular application. each model in effects has expert knowledge about its
own view, and defers responsibility for concepts outside its area of specialization to the
other models. The domain model describes the underlying application in terms its the data
and operation, the task model describes what users can do with the interface in terms of its
dynamics and information processing requirements, and the presentation model indicates
how the resulting interface will appear.” (Griffiths et al., 2001).
• DUTCH a combination of multiple complementary representations and techniques in
which a clearly defined process determines the models and representations including their
semantics.” (van der Veer and van Welie, 2000).
• UsiXML “describes the UI for multiple contexts of use such as Character User Interfaces
(CUIs), Graphical User Interfaces (GUIs), Auditory and Vocal User Interfaces, Virtual
Reality, and Multimodal User Interfaces” (Vanderdonckt, 2005).
• HUMANOID “is a model-based interface design and construction tool where interfaces
are specified by building a declarative description (model) of their presentation and behavior.
HUMANOID’s modeling language provides simple abstraction, iteration and conditional
constructs to model the interface features of these application classes. HUMANOID
provides an easy-touse designer’s interface that lets designers build complex interfaces
without programming.” (Szekely et al., 1993).
• UWE “a UML profile for the Web, which supports sketching and storyboarding (techniques
that are widely used by UI designers without a precise notation)” (Hennicker and Koch,
2001).
• UMLi “tasks are modeled using extended activity diagrams rather than by incorporating
a completely new notation into UML. UMLi also addresses the relationships between use
cases, tasks, and views, and thoroughly addresses the relationship between tasks and the
data on which they act.” (Da Silva and Paton, 2003).
• affylmGUI “a graphical user interface (GUI) to an integrated workflow for Affymetrix
microarray data. The user is able to proceed from raw data (CEL files) to QC and preprocessing, and eventually to analysis of differential expression using linear models with
empirical Bayes smoothing. Output of the analysis (tables and figures) can be exported
to an HTML report. The GUI provides user-friendly access to state-of-the-art methods
embodied in the Bioconductor software repository.” (Wettenhall and Smyth, 2004).
• Xweb is used to “to model, design and implement simple, usercentred, collaborative
websites at varying levels of abstraction. The uniqueness xWeb is that the model data (web
user interface definitions, website data descriptions and constraints) and the web content
are captured and represented at the conceptual level using views (one model) and can be
deployed (multiple platform specific models) using one or more implementation models.”
(Rajagopalapillai et al., 2005).
• MORE “a system that converts the visual layout of HTML forms into a semantic model
with explicit captions and logical grouping.” (Gaeremynck et al., 2003).

J.5

Transformation Technologies

• MTF “comes as a set of plug-ins that you can deploy in either Eclipse or the IBM Software
Development Platform products. It provides a transformation engine for EMF models and
a set of tools that helps you write, run, and debug mapping rules. The rule editor provides
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basic editing features (such as syntax checking and highlighting). The debugger allows you
to trace the execution of the rules step-by-step. The mapping view enables you to inspect
the result of a transformation when it is completed.” (Demathieu et al., 2005).
• Relational approach “a novel approach to defining transformation relationships between
different components of a language definition rendered as a metamodel. This uses a
particular style or pattern of modelling that takes its inspiration from mathematical relations.
” (Akehurst and Kent, 2002).
• Czarnecki’s approach “general template-based approach for mapping feature models to
concise representations of variability in different kinds of other models” (Czarnecki and
Antkiewicz, 2005).
• AGG “is a general development environment for algebraic graph transformation systems
which follows the interpretative approach. Its special power comes from a very flexible
attribution concept. AGG graphs are allowed to be attributed by any kind of Java objects.
Graph transformations can be equipped with arbitrary computations on these Java objects
described by a Java expression” (Taentzer, 2004).
• Fujaba “consists of two design patterns that provide a flexible basis for the integration of
different tool data at the meta-model level. To achieve consistency between meta-models,
we describe rule-based mechanisms providing generic solutions for managing overlapping
and redundant data.” (Burmester et al., 2004).
• VIATRA “framework is a transformation-based verification and validation environment
for improving the quality of systems designed within the Unified Modeling Language by
automatically checking consistency, completeness, and dependability requirements” (Csertán
et al., 2002).
• ATOM “contains the meta-models of both source and target formalisms, as well as
additional elements. This formalization allows the validation of the confluence of the
transformation process and makes easy checking other properties, such as termination,
correctness and behavioral equivalence” (de Lara and Taentzer, 2004).
• GReAT “is a visual language for transforming domain-models that can express the mapping
between the meta-models of the “input” (i.e. the “old” domain) and the “output” (i.e. the
“new” domain), and uses graph-rewriting techniques to transform the “old” domain-models
into the appropriate “new” form. ” (Sprinkle et al., 2003).
• GROOVE “uses graphs to represent state snapshots; transitions arise from the application
of graph production rules. This yields so-called Graph Transition Systems (GTS’s) as
computational models. The simulator does a small part of the job of a model checker: it
attempts to generate the full state space of a given graph grammar. This entails recursively
computing and applying all enabled graph production rules at each state. Each newly
generated state is compared to all known states up to isomorphism; matching states are
merged ” (Rensink, 2004).
• UMLX “exploits XMI for model interchange and XSLT for model transformation.” (Willink, 2003).
• BOTL “combines the illustrative clearness of a graphical specification with the precision
of a formal founded language. BOTL is intended to be supported by a tool that translates
fragments of a source model into target model fragments and merges the newly created
fragments into a target model. BOTL transforms always object models. The source and
target metamodels are consequently class models, which could be mapped to instances UML
or MOF meta classes.” (Marschall and Braun, 2003).
• xMOF “an operational semantics approach for defining executable DSMLs based on the
new OMG standard fUML.” (Mayerhofer et al., 2012).
• MTL “an open-source object- and view oriented imperative language dedicated to model
transformations, developed in the context of the OMG query/View/Transformation (QVT)
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proposal. MTL is the stepping stone towards defining a transformation framework that we
call Umlaut NG. It enables a variety of advanced model transformations, such as application
of design patterns, weaving aspects at design level, synthesis test cases from UML models
and derivation of products in product lines.” (Vojtisek and Jézéquel, 2004).
C-SAW “is a model transformation engine implemented as a plugin component for GME.
C-SAW unites the ideas of aspect-oriented software development (AOSD) with MIC to
provide better modularization of model properties that are crosscutting throughout multiple
layers of a model. C-SAW offers the ability to explore numerous modeling scenarios by
considering crosscutting modeling concerns as aspects that can be rapidly inserted and
removed from a model. This permits a modeler to make changes more easily to the base
model without manually visiting multiple locations in the model. Until C-SAW, these
transformations and translations have largely been performed manually in practice” (Zhang
et al., 2005).
Kermeta “is a Model Driven Engineering platform for building rich development environments around meta-models using an aspect-oriented paradigm. Kermeta has been designed
to easily extend meta-models with many different concerns (such as static semantics, dynamic semantics, model transformations, connection to concrete syntax etc.) expressed in
heterogeneous languages.” (Jézéquel et al., 2011).
VMT “includes a transformation language and a tool to support UML model transformations. The transformation language is a visual declarative language that supports the
specification, composition and reuse of model transformation rules. These rules make use
of the OCL language and a visual notation to indicate the selection, creation, modification
and removal of model elements” (Sendall et al., 2003).
ATL “is applied in the context of the transformation pattern. In this pattern, a source
model Ma is transformed into a target model Mb according to a transformation definition
mma2mmb.atl written in the ATL language. These three elements are models respectively
conforming to the MMa, MMb, and ATL metamodels. All metamodels conform to the
metametamodel (MOF in the context of OMG standards). Source and target models and
metamodels may be expressed in XMI. Metamodels can also use the more convenient KM3
notation” (Jouault et al., 2006).
YATL “formulates queries to interrogate the model using constructions from the OCL 2.0
standard. A YATL query is a syntactic construct that wraps inside the description of the
request in terms of OCL 2.0. The YATL processor invokes the OCL processor to process the
query and supply the results of interrogation. A YATL transformation describes a mapping
between a source MOF metamodel S, and a target MOF metamodel T. The transformation
engine uses the mapping to generate a target model instance conforming to T from a source
model instance conforming to S. The source and the target metamodels may be the same
metamodel. Navigation over models is specified using OCL. Each transformation contains
one or more transformation rules. A transformation rule consists of two parts: a left-hand
side (LHS) and a right-hand side (RHS). The LHS of a YATL transformation is specified
using a filtering expression written either in OCL or native code such as Java, C#, and
scripts. This approach allows filter expressions to include both modeling information (e.g.
navigational expressions, properties values, collections) and platform dependent properties
(e.g. special conversion functions), which makes them extremely powerful. A compound
statement specifies the effect of the RHS. The LHS and RHS for the YATL transformation
are described in the same syntactical construction, called transformation rule. A rule is
invoked explicitly using its name and with parameters.” (Patrascoiu, 2004).
QVT “QVT consists of three types of transformation languages (OMG, 2011b).:
– Relations Language: specifies the transformations between source and target models
as a set of relations (i.e. declarative category, relational approach).
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– Core Language: supports pattern matching over a flat set of variables by evaluating
conditions over those variables against a set of models (i.e. operational category,
operational transformations).
– Operational Mappings: allows either to define transformations using a complete
imperative approach (i.e. operational category, operational transformations) or allows
complementing relational transformations with imperative operations implementing
the relations (i.e. neither category, hybrid approach).
VIATRA “starts from a uniform visual description and a formal proof concept of the
particular transformations by integrating the powerful computational paradigm of graph
transformation, planner algorithms of artificial intelligence, and various concepts of computer engineering.” (Varró et al., 2002).
Tefkat “an implementation of a language designed specifically for the transformation
of MOF models using patterns and rules. The language adopts a declarative paradigm,
wherein users may concern themselves solely with the relations between the models rather
than needing to deal explicitly with issues such as order of rule execution and pattern
searching/traversal of input models” (Lawley and Steel, 2006).
MOLA “merges traditional structured programming as a control structure with patternbased transformation rules. The key language element is a graphical loop concept. The
main goal of MOLA is to describe model transformations in a natural and easy readable
way.” (Kalnins et al., 2005).
Triple graph grammars “derives operational graph grammar rules that can be used for
consistency checking, consistency recovery, and model transformation using rule application
mechanisms. Thus, triple graph grammar are suitable for model integration in general and
model transformation in particular.” (Königs, 2005).
MT model transformation language “a unidirectional stateless model transformation
language MT, implemented as a DSL within Converge. MT shares several aspects in
common with model transformation languages such as the QVT-Partners approach. That
is it is a rule-based system, utilizing patterns. However there are a number of advances
over, and significant differences from, previous approaches. Some of these are a side-effect
of implementing MT as a DSL within Converge; some are the result of experimentation
with a concrete, but malleable, implementation. For example, MT allows normal Converge
imperative expressions to be embedded within it.” (Tratt, 2006).
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Business rule
Description
Subtype
type
Boyer & Mili Structural rules "Structural rules define the
(2011)
terms used by the business in
expressing their business rules
and the relationships (facts)
among those terms. These
include the vocabulary used in
rule ahtoring."
Operational
"Operational rules are the
ProcessFlow
rules
rules that implement business
decision logic. They are the
individual statements of
business logic that are
evaluated by the rule engine
to determine the decision
result"
Inference

Description2

"Process flow routing rules direct the
movement through a process flow or
workflow"

"Inference rules create new objects or facts
which may bring the engine to re-evaulate
some other rule's eligibility."
Guideline
"Rules that do not reject the transaction; they
merele warn about an undeserable
circumstance."
Mandatory
"Rules that reject the attempted business
constraints
transaction."
Computation "Computation rules implement mathematical
equations and assign values to variables
accordign to a set of given criteria."
Action"Action enabler rules modify, create, or delete
Enabler
terms or association between terms, or
execute methods. These rules test conditions
and upon finding them true, initiate another
business event, message, business process or
other activity."
ECA
"Rules where the condition is evaluated once
the occurrence of an event is found."

SBVR (OMG, Definitional rule "Rule that is a claim of
2013)
necessity."
Behavioral rule "Rule that is a claim of
obligation."
Rule-Speak Definitional rule "Prescribe criteria for how the
(OMG, 2008)
business chooses to organize
(“structure”) its business
semantics."
Behavioral rule “focus directly on the
propriety of conduct in
circumstances (business
activity) where willful or
uninformed actions can fall
outside the boundaries of
behavior deemed acceptable.
Unlike structural rules,
operative rules can be
violated directly.“

Table K.1: Business approaches page 1
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Von Halle
(2001)

Mandatory
constraints

“A complete statement that
expresses an unconditional
circumstance that must be
true or not true for the
business event to complete
with integrity.”
Guidelines
“A complete statement that
expresses a warning about a
circumstance that should be
true or not true. A guideline
does not force the
circumstance to be true or not
true, but merely warns about
it, allowing the human to
make the decision.”
Action-enablers “A complete statement that
tests conditions and upon
finding them true, initiates
another business event,
message, or other activity.
That is, an action enabler
initiates a new action external
to the scope of the system or
increment under study.”
Computation
“A complete statement that
provides an algorithm for
arriving at the value of a term
where such algorithms may
include sum, difference,
product, quotient, count,
maximum, minimum,
average."
Inference
“A complete statement that
tests conditions and upon
finding them true, establishes
the truth of a new fact.”
Hay & Healy Structural
“A defined concept or a
(2000)
assertion
statement of a fact that
expresses some aspect of the
structure of an enterprise.
Action assertion “A statement of a constraint
or condition that limits or
controls the actions of the
enterprise.”
Derivation
“A statement of knowledge
that is derived from other
knowledge in the business.”

Table K.2: Business approaches page 2
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Zoet (2014)

“A Structural Sequencing Rule
(SSR) is defined as a rule that
influences the structural
execution position of process
elements. Each business
process has an underlying
blueprint indicating the
sequence by which activities,
events and decision elements
(process elements) are
executed."
Actor Inclusion “An Actor Inclusion Rule (AIR)
defines a rule that stating
which process element an
actor can or cannot execute.”
Transactional
“A Transactional Sequence
Sequencing
Rule (TSR) defines a rule that
influences the decision of an
individual process instance
based on the case at hand.”
Data Condition “Data Condition Rule (DCR)
defines: 1) what data needs to
be stored, 2) how the data is
stored, 3) how long the data is
stored, 4) and which
authorizations are required
concerning the access and
modification of the data."
Outcome
“An Outcome Control Rule
Control
(OCR) is a rule that defines
how results from process
elements (undesirable or
desirable) occurring in
business processes are
identified.”
Wankadir & Constraint
“A Constraint rule is used to
Mandatory
Loucopoulos
check for the result
constraint
(2004)
of the execution of business
event on a Subject.”
Guideline
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Structural
Sequencing

Action Assertion “An action assertion rule is a Enabler
statement that concerns a
dynamic aspect of the
business. It specifies the
action that should be
activated on the occurrence of
a certain event or on
satisfaction of a certain
condition."

“A statement that specifies a mandatory
feature (business behaviour or characteristics)
that must be satisfied by a business entity.”
“A statement that specifies an optional
feature that should be satisfied by a business
entity Upon the violation of this rule, system
only raises a warning instead of rejecting the
transaction."
“Enabler rule enables or disables a rule,
operation, process, or procedure according to
certain conditions. It also creates and deletes
data under specified conditions.”

Table K.3: Business approaches page 3
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Copier

“Copier is concerned with the use of existing
data or value, for example, using a certain
value to set the initial value of an object’s
attributes or to determine the way on how to
present existing data."

Trigger

Derivation

“Derivation is a rule that
derives a new fact based on
the existing terms and facts.”

“Trigger is a rule that causes operation,
process, procedure, or rule to be executed
when the given condition is true or on the
occurrence of a certain event.”
Computation “A statement that derives a value using an
algorithm."
Inference

Leite &
Leonardi
(1998)

Caron et al.
(2013)

“A statement that derives a fact using logical
deduction or induction.”

Functional rules “Functional rules are general
policies regarding
organization functionality.”
Non-functional “Non-functional business rules Macrosystem “This type of rule describes policies that are
business rules describe policies regarding
rules
related to the specific characteristics of a
constraints that the
Universe of Discourse. It relates Universe of
organization must follow.”
Discourse concepts in order to impose a
constraint on the organization.”
Quality rules “Quality rules are demands of an organization
on the characteristics of its processes or
products. They usually reflect general policies
related to quality standard or quality
expectations of an organization.”
Cardinality“Business rules that restrict
based rules
the number of allowed
instances of a specific process
element type in a specific
process instance.”
Coexistence
“Business rules that restrict
rules
the coexistence of process
elements of different types
over the execution of a
specific process instance.”
Dynamic data- “Business rules that specify
driven rules
the influence of specific data
elements and their value on
the occurrence of process
elements in a specific process
instance.”
Relative time
“Business rules that focus on
rules
specifying a time restriction
on process elements relative
to certain points in a process
execution, for example the
start of a process or the
completion of a specific
activity.”

Table K.4: Business approaches page 4
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Wagner
(2005)

Static property “Business rules that deal with
rules
specifying a specific property
for a particular type of
process element at a
predefined process state.”
Integrity rules "Express constraints. These
rules typically define the
acceptable relationship
between data elements."
Derivation rules "Express conditions that result
in conclusions. These rules
define the validity of facts and
can be used to infer new facts
based on known facts."
Reaction rules

"Specify a trigger that
activates the evaluation of the
rule, a condition that is
evaluated, and a subsequent
activity that will be carried out
if the specified condition is
met."
Production rules "Are similar to reaction rules,
but do not specify a particular
circumstance in which the
evaluation takes place."
Transfor-mation "Restrict the state changes of
rules
objects"
Zoet,
Structural
"a rule that influences the
Ravesteyn & Sequencing
structural execution position
Versendaal Rule
of process elements."
(2011)
Actor Inclusion "a rule that stating which
Rules
process element an actor can
or cannot execute."
Transactional
" a rule that influences the
Sequencing
decision of an individual
Rules
process instance based on the
case at hand."
Data Condition " defines: 1) what data needs
Rules
to be stored, 2) how the data
is stored, 3) how long the data
is stored, 4) and which
authorizations are required
concerning the access and
modification of the data."
Outcome
"a rule that defines how
Control Rules
results from process elements
(undesirable or desirable)
occurring in business
processes are identified."

Table K.5: Business approaches page 5
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The Extended MDA: adding a functional perspective
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Department of Information and Computing Sciences
Faculty of Sciences
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Utrecht, the Netherlands
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Abstract—Currently there are two philosophies on the involvement of models into the software development lifecycle:
model driven architecture and the generic system development
process specified towards model driven engineering. We analyzed
16 contemporary model driven tools to research the extend to
which these philosophies and other standards are implemented..
Our results show that both philosophies and related standards
are barely implemented, which led us to the conclusion that new
standards are needed. We propose an extended MDA framework,
in which computational ontologies are positioned above the
traditional domain model.
Keywords—MDA, GSDP, MDE

I.

I NTRODUCTION

Researchers and software engineers have abstracted software development to the level where models replaced code
[34] and infiltrated the Software Development Life Cycle
(SDLC) [19]. On the philosophy of how models can be
integrated in the SDLC, two views can be identified in literature: Model Driven Architecture (MDA) [28] and the Generic
System Development Process (GSDP) [6].
1) MDA: MDA is the OMG’s standard for Model Driven
Engineering (MDE) [28], in which software is modeled in a
Platform Independent Model (PIM) and subsequently transformed via Platform Specific Models (PSMs) to executable
code (Figure 1). By making a separation between the PIM
and PSMs, technology changes do not require domain model
changes. Within the MDA standard, other standards such as the
XML Metadata Interchange (XMI) [31], Common Warehouse
Metamodel (CWM) [23], Meta Object Facility (MOF) [29] and
Query/View/Transformation QVT [25] dictate the transformation processes and the Unified Modeling Language (UML) [30]
is used as standard modeling language.

Fig. 1.

The MDA principle with example

2) GSDP: The GSDP is a generic framework for developing any kind of artifact, including software [6]. It consists of

the all necessary steps that need to be taken in a development
process, and is not MDE specific. Within [38], they altered
the GSDP specifically for the MDE domain by adopting
Guizzardi’s framework [14]. The GSDP-MDE framework can
be seen in Figure 2.
The GSDP-MDE states that real world phenomena (i.e.
all enterprises and their contexts) can be described using an
ontology, which in turn is represented by a modeling language.
On an abstraction level lower (i.e. the instance level), a single
enterprise is an instance of real world phenomena, and can be
described by creating a model of that enterprise. The model is
an instance of the ontology, and is expressed as a specification
of the modeling language. A model engine is able to interpret
the modeling languages, and directly interprets the specification to system behavior. The DEMO enterprise ontology from
[14] is used as standard set of modeling languages.

Fig. 2.

The GSDP-MDE principle

A. Problem Statement
The MDA and GSDP-MDE framework are complete opposites. First of all the philosophies are completely different.
Within MDA, model-to-model transformations are required to
guarantee a domain model that is independent of the technical
implementations. On the other hand, within GSDP-MDE, there
is a one-on-one representation between the real world and the
model. To keep the one-on-one representation between the real
world and the model authentic, model transformations are not
allowed. Related to the first point are the relevant end artifacts.
The end artifact of MDA is executable code, which implies the
use of code generator, whereas the GSDP-MDE framework
requires a model engine, which directly interprets the model
specifications to byte code. Lastly, the principle of the GSDPMDE framework is to describe real world phenomena (i.e.
enterprises) in a model, which requires modeling languages
that are able to capture real world phenomena. On contrary, the
MDA principle sees the domain model as a description of the
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system, and therefore requires modeling languages that allow
the modeling of IT artifacts. This complies to the modeling
language separation described in [41], in which they argue
that modeling languages can be information system or reality
driven. In [9] they also recognize this differences, but make a
distinction between computational ontologies and conceptual
schema’s. They explain the differences as “They belong to
two different epistemic levels. They have different objects and
are created with different objectives. While computational ontologies are focus on explanation and information integration
grounded in assumptions about invariant conditions that define
the domain of interest, conceptual schemas focus on linking the
general ontological categories with particular observations to
be classified in a IS”.
Both the MDA and GSDP-MDE framework represent opposite extremes of the same MDE spectrum. As such, current
MDEE producing organizations have limited options for MDE
philosophy standards. If an MDEE does not fall in one of
the two categories, MDEE producing organizations have to
develop transformation technologies and modeling languages
themselves. As there are different categories of MDE, and the
benefits and drawbacks of MDE depend on the context, MDEE
producing organizations face a difficult choice to select the
right variant for their business [18]. Once the variant is chosen,
it remains a challenging task to develop a coherent MDEE [21],
more specifically the development and integration of (domain
specific) modeling languages and transformation tools [22, 37].
B. Paper Overview
The subsequent section presents the theoretical background
to our study. Next we discuss the research approach in section III, the results of which are discussed in section IV.
Section V compares these results and presents our revised
MDA, followed by the research limitations, a conclusion and
future research possibilities in section VI.
II.

T HEORETICAL BACKGROUND

Important to our research is literature related to model
transformations and modeling languages. To preserve space,
we will discuss general literature on the topics of model
transformation and modeling languages, and present all the
identified approaches separately in Appendix A.
A. Model Transformation
Model transformation describes how to take one or more
models as input (source model) and transform them into one
or more models as output (target model) [27, 36]. Defining
model transformations is to describe model transformations
rules between a source and a target metamodel (M2 layer),
whereas the rules are executed on the model layer (M1 layer)
for transforming a source model into a target model [42, 5]
(Figure 3). As mentioned earlier, within the GSDP-MDE
philisophy, model transformations are seen as redundant.
Within [39], they compared many of these transformation
rule languages and concluded that two types of approaches exist: declarative and operational. Within declarative approaches,
relations between elements of the source and target model
are defined, whereas operational approaches define rules to
describe what steps are required to derive the target model
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Fig. 3.

Model transformation as defined in [5]

from the source model. Within these two approaches, [36] and
[5] identified seven different categories:
• Relational transformation approaches are based on
mathematical relations.
• Template-based transformation approaches consist of
models with embedded meta-code that compute the variable parts of the resulting template instances.
• Graph-based transformation approaches consist of a
Left Handed Side (LHS) and Right Handed Side (RHS),
in which the LHS pattern is matched in the source model
and subsequently replaced by the RHS in the target model.
• Direct transformation approaches offer an internal
model representation that can be directly transformed
using predefined commands (e.g. through APIs).
• Operational transformation approaches are similar to
direct manipulations but offer a specific transformation
language that contains constructs and mechanisms for
explicitly expressing, composing and applying transformations.
• Structure-driven transformation approaches divide the
transformation into a phase that is concerned with creating
the hierarchical structure of the target model and a phase
in which the attributes and references of the target model
are set.
• Hybrid-based transformation approaches combine different aspects from the previous categories.
B. Modeling Languages
Before the 1970s, every part of software had to be manually
coded [15]. However, businesses required more flexibility and
agility in their software programs in order to keep up with
rapidly changing (business) environments [33]. This philosophy eventually resulted in the separation of (software) concerns
[8], which refers to: “the ability to identify, encapsulate, and
manipulate only those parts of software that are relevant
to a particular concept, goal, or purpose. Concerns are the
primary criteria for decomposing software into smaller, more
manageable and comprehensible parts that have meaning to a
software engineer” [32]. The separation of concerns allowed
the development of modeling languages specified towards a
specific (separated) concern. Nowadays, many modeling languages exist for databases, processes, rules and UIs [45, 3, 17].
In both [40] and [35] they researched and formalized the
concept of a modeling language in a metamodel. In Figure 4
the formalization of [40] is shown, however, the formalization
within [35] holds the same semantic value.
Within the model of [40], a metamodel describes relevant
concepts of a domain, which in turn can have subdomains.
Each domain is abstracted by means of a formal model
that is specified based on a concrete syntax. The concrete
syntax of a modeling language specifies what a parser for the
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studying documentation and interviewing experts. Additionally, Yin [44] lists four validity tests that apply to case study research: construct validity, internal validity, external validity and
reliability. We use multiple sources of evidence (i.e. document
study, product usage and expert interviews) to ensure construct
validity, discuss our results during a validation interviews to
guarantee internal validity, create a rich theoretical framework
from previous literature and perform 16 explanatory case
studies to test external validity and build case study protocols
and databases to warrant reliability.

Fig. 4.

Modeling composition according to [40]

respective modeling language accepts, whereas the abstract
syntax specifies the language’s structure. This implies that
the concrete syntax is a realization of an abstract syntax,
meaning that the same metamodel can be expressed in different
(modeling) notations. Moreover, the static semantics of a
(modeling) language define the rules for whether syntactically
valid model constructions have any (real life) meaning.
III.

R ESEARCH A PPROACH

To validate our assumption on the lack of (proper) MDE
standards, we utilize five research methods in this research:
a literature study, multiple explanatory case studies including
expert interviews and document studies, and design science.
Through these research methods we want to determine whether
and which standards of model transformation and modeling
languages are implemented in contemporary MDEEs.
A. Literature Study
A solid understanding of contemporary literature on model
transformation and modeling languages is necessary to properly elaborate our problem statement and formulate relevant
case study protocols and expert interview questions (Section II). Therefore our research starts with a study of literature.
Although our first instincts told us to perform a structured
literature review, a quick scan through literature revealed that
relevant research domains are scattered (i.e. data modeling,
flow modeling, business rule modeling, UI modeling and
model transformations). A systematic literature review is not
favored in such a case, as we need to research multiple specific
topics rather than one general topic. Hence, we were forced to
perform an unstructured literature research, meaning that we
search through literature by using the snowballing technique.
B. Case Studies
This research complies with Yin’s [44] three prerequisites
to determine whether a case study is suitable for ones research:
(1) our main problem statement can be reformulated as “How
and why do software producing organizations design model
driven engineering environments?; (2) we cannot manipulate
the MDEE designers and their design decisions over MDEEs
and (3) we focus on contemporary MDEEs. We perform 16
explanatory case studies on MDEEs by using the product,

1) Documentation Study: We begin each case study with
a documentation study in which we study the following documents: white papers, fact sheets, technical reports, case studies,
instruction manuals, product wikis, product forums product
videos and webinars. Through this documentation study we
aim to develop a general understanding of the respective
company and MDEE, as well as to identify implemented
transformation technologies and modeling languages.
2) Product Usage: To further familiarize ourselves with
each MDEE, we will develop a demo application using a
trial version when available. With these trial versions, we
develop applications by following the accompanying product
tutorials. Due to differences in both products and tutorials we
are not able to write a standard protocol nor develop the same
application with every MDEE. Our intention with this activity
is merely to get more familiar with the case products that we
are studying.
3) Expert Interviews: After investigating available documentation and developing a demo application, we continue
each case study by interviewing at least one product expert.
During this interview we request a demo of the MDEE if a
trial version was not available, and ask specific questions on
the modeling elements and transformation process. Questions
that arise after the interviews are resolved through email or a
second interview, and may need to be resolved by a person
with a different role or function.
C. Design Science
During our research we create a revised MDA, which
complies with the goals of design science: “Whereas natural
science tries to understand reality, design science attempts to
create things that serve human purposes” [20]. Design science
consists of two basic activities, create and evaluate, which we
approach according to the framework and its specifications as
proposed in [16]. This framework has been thoroughly tested
as a vehicle for “understanding, executing and evaluating
IS research combining behavioral-science and design-science
paradigms” [16].
Figure 5 applies the framework to our research context.
We conduct our research in an Environment consisting of
People that perform the MDEE Designer and MDEE Developer role in MDEE Producing Organizations. Both roles
work on the development of MDEEs and therefore rely on
Modeling, Model Transformation, Code Generation and
Model Interpretation Techniques. The Foundations of our
Knowledge Base consist of existing theories found in the
domains of MDE, Software Modeling, Model Transformation, Code Generation and Model Interpretation. We
extend our knowledge provided by the foundations by applying
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the methodologies of case study research and design science
to develop/build a Revised MDA. Upon delivery, experts
Justify/Evaluate the revised MDA artifact through Expert
Interviews and provide input for possible improvements.
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from platform specific models. Within Betty Blocks we don’t
generate any code, so following the MDA standard in our
case is not really possible.”. The lack of implemented MDA
related standards such as QVT [25] and MOF [29] comes as
no surprise, given that these standards are meant to transform
UML models. As will be shown in the subsequent paragraph,
none of the MDEEs have implemented UML as a modeling
language.

Total:

Total (%):

GorillaIT

x
x x x x
No No No No
No No No No

Formetis

Usoft

WEM.io

Servoy

Cordys

x
x
x x
x x
x x x
x
x
x
No No No MDA No No No No No No
No No No No No No No No No No

Thinkwise

Outsystems

IBM

AFAS

Triggre

Mendix

Blueriq

GeneXus

TABLE I.

Betty Blocks

42Windmills

Transformation difference
Generation
Interpretation
Follow MDA/GSDP philosophy?
Follow transformation standards?

x
8 50%
x
x
12 75%
No GSDP 2 13%
No No
0 0%

M ODEL TRANSFORMATION STANDARDS PER MDEE

B. Modeling Languages
Fig. 5.

Information Systems Research Framework applied to our research

IV.

R ESULTS

As mentioned in the previous section, we researched the
transformation processes and modeling languages used in
16 MDEEs. Based on the identified model transformation
approaches and modeling languages in Appendix A, we can
check whether the researched MDEEs make use of standardized approaches. Note that with standardized, we mean
that the approaches are heavily documented, not necessarily
adopted as standard by organizations such as the OMG. Based
on our findings, we created a categorization consisting of
four quadrants, divided by two axes representing the degree
of standardization of model transformation technologies and
modeling languages.
A. Model Transformation Technologies
The results of model transformation standards per MDEE
can be found in Table I. We specifically indicated which
MDEEs make use of generators against interpreters, so as
to specify which MDE philosophy (i.e. MDA vs. GSDP)
they could follow. The 42Windmills, GeneXus, Thinkwise and
GorillaIT MDEEs have both generators and interpreters, but
only use the interpreters for flow model interpretation. As can
be seen in Table I, the GeneXus and ForMetis MDEEs are
the only ones that follow the philosophy of MDA and GSDP
respectively. Within the Genexus MDEE, the domain model is
transformed a specific PSM depending on the technical stack
(i.e. Java, C#, Cobalt etc.) that was selected. The ForMetis
MDEE makes use of a computational ontology that is directly
interpreted by a native engine. Moreover, the GeneXus, Cordys
and IBM MDEEs, make use of other model transformation
standards. We could not identify a clear reason why the MDA
philosophy is barely implemented, as most MDEE experts
replied that the MDA principles did not match with their
philosophy and evolution of MDE. For example, a product
owner from Blueriq states: “It is not that we purposefully
don’t follow the MDA standards, we just have some different
views that don’t match.” and the CEO of Betty Blocks adds:
“As I understand MDA, it requires the generation of code

The results of modeling language standards per MDEE can
be found in Table II. As can be seen in Table II, most of the
MDEE have not implemented any standardized modeling languages, and UML is lacking completely. For process modeling
three of the MDEEs have implemented BPMN and one MDEE
has implemented the DEMO process modeling language. For
case modeling only one MDEE has implemented the CMMN
standard, and one MDEE has implemented the DEMO action
model.
MDEE
42Windmills
AFAS
Betty Blocks
Blueriq
Cordys
Genexus
IBM
Mendix
Outsystems
Servoy
Thinkwise
Triggre
Usoft
WEM.io
GorillaIT
Formetis

Data
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
-

Workflow
x
x
x
x
x
x
x
x
x
x
-

TABLE II.

Processes
x
x
BPMN
BPMN
BPMN
x
DEMO

Case Management
x
CMMN
x
DEMO

Business Rules
x
x
x
x
x
x
x
x
x
SBVR
x
-

UI
x
x
x
x
x
x
x
x
x
x
x
x
x
x
-

M ODELING LANGUAGE STANDARDS PER MDEE

C. Categorization of MDEEs
Because both views of transformation (Section IV-A) and
modeling language (Section IV-B are important within an
MDEE, we combined the two tables described above, into a
single categorization that has the degree of modeling standards
on one axis, and the degree of transformation technology
standards on the other axis (Figure 6). To illustrate the difference between MDEEs with a generator and interpreter, we
use a black font and underlining respectively. MDEEs with
both a generator and interpreter are underlined and written
with a black font (e.g.GeneXus). Additionally, to illustrate
the difference between MDEEs with functional and IT artifact modeling languages, we use a white and black dot
respectively. As mentioned earlier within this categorization
we do not see standards as officially proposed standards by
organizations such as the OMG, but as well documented model
transformation techniques and modelig langauges as presented
in Appendix A.
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As can be seen in Figure 6, all but four MDEEs are not
in a self made quadrant. The MDEEs of Cordys, IBM and
Genexus are in the ’standard’ modeling language quadrant,
due to their use of the BPMN standard. Additionally, the
Cordys MDEE also uses the CMMN standard, hence it is
seen as more standardized than IBM. The Usoft MDEE uses
the SBVR standard, but does not contain modeling languages
for flows (i.e. it can also not apply any standards regarding
flows). The remaining MDEEs did not implement standards for
flow, business rules and UI modeling. All MDEEs except for
the AFAS MDEE have implemented either the EAR or ORM
data modeling approach, but do not follow a specific language
such as Chen’s EAR language from [4]. When it comes to
the transformation technologies standardization, the Genexus
MDEE follows the MDA philosophy by having a PSM for each
technical stack and the Thinkwise MDEE is a software factory,
a MDEE type that is heavily documented by [13] and [12].
Within the ForMetis MDEE the GSDP-MDE philosophy from
[38] is followed and the DEMO modeling language from [6]
is implemented. Lastly, although the Cordys, Usoft and IBM
MDEE do not follow the MDA philosophy, they do make use
of the standardized BPEL and XSD XML representation.

Fig. 6. Categorization based on implemented standards and functional/IT
modeling

Our goal with the categorization presented in Figure 6 is
not to define a precise way of categorizing MDEEs. Instead, we
want to illustrate the lack of implemented standards in MDEEs.
This observation holds valuable lessons for both organizations
that introduce software standards such as the OMG1 , as well as
MDEE producing organizations. For the OMG this should be a
lesson that their standards are not adopted by the community,
and therefore need alteration (see Section V). The lesson for
MDEE producing organizations is that they are constantly
reinventing the wheel. As shown in the previous subsections,
1 www.OMG.org
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many MDEEs have implemented the same constructs. For
example, nine out of the 16 MDEEs have implemented a
somewhat similar, yet different workflow language. If such
a workflow language would have been published and copied,
MDEE producing organizations could have saved a lot of time,
as well as increase the interoperability of models between
different MDEEs
V.

T HE E XTENDED MDA

We present the revised MDA in Figure III, which is a
combination of MDA and the GSDP-MDE. On the left side
of the model the (revised) MDA principle is shown, and the
right side shows what kind of models are needed. Additionally,
places where standards can be applied are illustrated through
the grey arrows. Within the MDA principle (vertical grey
arrow), transformation technology standards can be used such
as XMI [31], CWM [23] and QVT [25], and within the models
themselves (horizontal grey arrows) model standards can be
applied such as DEMO for computational ontology [6], BPMN
as part of the PIM [24], and BPEL [26] as PSM.
The computational ontology stands for a domain model that
describes the real world, e.g. DEMO from [7]. On its own, the
computational ontology has nothing to do with MDE, as it
merely describes the real world. If the transformation process
would be gone, the language would still have value to describe
organizations [38]. We added the computational ontology with
a dashed arrow to illustrate that this is optional. Within most
of our researched MDEEs, IT artifacts are modeled rather
than the real world phenomena. These MDEEs do not contain
a computational ontology. On the other hand, MDEEs that
make use of computational ontologies still benefit from a
technical platform independent model of the system. Although
the domain model can theoretically directly be transformed
to PSMs, having an explicit separation (i.e. PIM) between
technical implementations and the domain model, has multiple
advantages. The LAM is simply a technical representation of
the system that translate the domain model to system behavior.
This implies that more than one LAM can comply to a single
computational ontology. If MDEE producing organizations
favor multiple technical implementations of the system (e.g.
one optimized for performance and one for consistency), a
middle layer such a PIM is required. Additionally, if a new
PSM is required (e.g. specifically for the mobile platform), the
PIM already holds all the necessary technical details. Similarly,
if a technology change is required for all the PSMs, this can
be realized through the PIM rather than all the individual
mappings between domain model and PSMs. In other words,
if a technology change is required, this can be realized in the
PIM. Lastly, we illustrate that the transformation step to code
can also be to byte code, so as to include MDEEs with an
interpreter. If programming code is generated (e.g. Java or C#),
standards can be applied in the format of software patterns (e.g.
from [11] and [10]).
Other attempts to extend the MDA standard have been
documented as well, but never with the aim of adding computational ontologies. [43] has extended the MDA framework
specifically for the UIs. Within this extension “the PIM is
created first based on the use case, activity diagram and
robustness diagram. The PIM is then transformed into a PSM
based on three target platforms: Web-based user interface,
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that applications are driven by domain needs. This means
that modeling in terms of business needs and not applicationcentric features could provide better alignment between business and IT.”.

TABLE III.

R EVISED MDA

Java, and relational database. The PSM is then transformed
into a Code model based on three types of code: JavaServer
Pages (JSP) 2.0, J2SE 1.5.0 and Oracle Database.”. [2]
extended MDA to MIDAS, which specifically focuses on the
generation of web based applications. MIDAS applies the
“MDA metamodel to the Web platform using XML and (object-)
relational technology” and, as we proposed in our extension is
able to generate multiple PIMs based on the situation: “MIDAS
proposes different PIMs and PSMs and defines some mapping
rules between models”. Lastly, [1] suggested an extension
on the MDA framework specifically for semantics preserving
transformations. They propose extending the M1 and M2 layers
of the MDA architecture towards the definition of static and
dynamic semantic models, both crucial to extract the semantics
of any model. The extension includes: (i) a semantic metamodel
and a set of transformations representing semantic equations;
and (ii) a set of evaluation reduction rules for semantic
models in order to extract the meaning from their states and
automatic proofs of conformance between these models.”. This
suggestion is also a valuable addition to our own extended
MDA framework.
A. Validation
We discussed the revised MDA with six of the MDEE
experts (from IBM, Cordys, AFAS, ForMetis, GeneXus and
GorillaIT) in order to validate their existence. We purposefully
discussed our vision in an informal way, because we do not
have the illusion that this single thesis will change the entire
MDE/MDA world. Such a big change needs to be realized
by the MDE community. As such, we intend to publish a
scientific paper (AppendixN), and let the MDE community
validate or reject our ideas. The only discussion/question
that we presented/asked those MDEE experts after explaining
the revised MDA framework was: “Do you agree with our
presented MDA vision, and do you think that our improvements
make valuable additions?”. Surprisingly, all the MDEE experts
saw our extensions to the MDA framework as useful, even
the MDEE experts without functional modeling languages. For
example, an ex software solution architect from IBM states:
“The MDA model has the limitation that it is domain agnostic.
This makes the definitions of PIMs and PSMs more application
driven and not so business driven. Adding the Domain Model
concept I think adds value because it incorporates the notion

Although all six MDEE experts agreed with our views,
they raised some important questions. It was stated multiple
times that collaboratively working towards common standards
is theoretically a good initiative, but it won’t work due to competition (i.e. MDEE producing companies will not be willing
to share or publish their techniques). Additionally, why would
MDEE producing organizations start following standards now,
if they are not doing it now? We don’t see the latter as
a problem, because in our philosophy each new approach
should be documented and published. We see standards as the
documentation and publication of solutions, not necessarily as
the adoption by an organization such as the OMG. We feel that
by publishing all technological and modeling advancements,
MDEE producing companies can benefit from each other and
collectively evolve their products.
VI.

C ONCLUSION

This paper provides the MDE community with an extended
MDA framework, in which computational ontologies are also
recognized. The extended MDA framework was established
by researching 16 MDEEs and their implementation of standardized model transformation technologies and modeling
languages. These 16 MDEEs showed that standards are barely
implemented, which led us to the conclusion that current
standards are not of high enough quality. We provide the
MDE community with the opportunity to come up with new
standards that fit into in the extended MDA framework.
VII.

F UTURE RESEARCH AND LIMITATIONS

Based on the results from this research, we identified
two opposite MDEE philosophies of functional against IT
modeling. We purposefully did not enter the discussion on
which philosophy is better, but it would be interesting to see
which philosophy offers more expressibility, freedom, ease of
use and maintainability. Next, we provided a categorization
model that allows the close monitoring of the evolution of
MDEEs and MDE technologies. Lastly, we presented a new
vision on MDA, which requires the adaption and recognition of
the MDE community. However, it requires time to see how this
new view lands within the MDE community. The adaptation
of our revised MDA within the MDE community will also
cause validation or rejection, as we were not fully able to
validate this vision within our research. The biggest limitation
of our research is that we did not dicuss the extended MDA
framework with all MDEE experts.
A PPENDIX A
S TANDARDIZED MDE CONCEPTS
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