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INTRODUCTION

Today, the use of technology is central to the business world. Organizations need to redesign their pro-
cesses and models so as not to be left out of the market in the near future. The adoption of new digital
technologies offers a competitive advantage and performs as a market differentiator. In particular, new
paradigms such as Pervasive Computing, Cloud Computing and the Internet of Things (IoT) are impacting
the business world. Smartphones are at the core of these paradigms, letting us locate and easily interact
with the world around us. With the Smartphone through Wi-Fi and the 5G, we will handle all kinds of
objects connected to the network. Just as smartphones have already displaced the camera, the GPS, the
music player, and the wallet, they will be on-ramp for a new IoT revolution. In this scenario, humans
and things act synergistically as a whole and smartphones will continue to play a crucial role due to
they are the main interface connecting people to the Internet (Stancovik, 2014) (Islam and Want, 2015).
Smartphones are being transformed into a service center for different platforms in science, medicine,
and education. Hossain et al. (2019) analyze the effects of variety-seeking intention by mobile phone
usage on university students’ academic performance.

In this context, most challenges for the competitive software industry are related to the problems
caused by the proliferation of mobile platforms. New applications must support them as possible to remain
profitable. Software applications can take full advantage of platforms only when they are built using na-
tive codebase. To address this problem a possible solution is to have different teams of developers who
are fluent in a specific programming language to port an application to a specific platform. Instead of
this traditional approach, organizations can use multiplatform or multi-paradigm cross-compiler based
languages. The term “multiplatform” is used to refer source-source compilation, that is to say, the source
code of these languages can be compiled into the source code of another programming language. Haxe
is a good example of multiplatform languages. It allows using the same code to deploy an application
on multiple platforms such as i0S, BlackBerry or Android. Specifically, it is an open-source high-level
multiplatform programming language and compiler that can produce applications and source code for
many different platforms from a single code-base (Haxe, 2019).

Frequently, the development of software component and applications aligned to mobile technologies
requires adapting existing non-mobile software to different mobile platforms. For instance, there exist
valuable software components and libraries implemented in C/C++or Java that need to be adapted for
mobile developments. There is the need to define systematic, reusable migration processes with a high
degree of automation that reduce risks, time and costs of the cross-platform development. Novel technical
frameworks for information integration, tool interoperability, and reuse can help to achieve these goals.
Specifically, Model- Driven Engineering (MDE) is a software engineering discipline which emphasizes
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the use of models and model transformations to raise the abstraction level and the degree of automation
in software development (Brambilla et al., 2017). Productivity and some aspects of software quality such
as maintainability or interoperability are goals of MDE.

Model Driven Developments (MDD) refer to forward engineering processes that use models as pri-
mary development artifacts. A specific realization of MDD is the Model-Driven Architecture (MDA)
proposed by the Object Management Group (OMG) (MDA, 2019). Models, metamodels and model
transformations play a major role in MDA. The MDA processes can be seen through a sequence of model
transformations at different abstraction levels. A transformation is a process of converting a source model
that conforms to a source metamodel in a target model that conforms to a target metamodel. The essence
of MDA is Meta Object Facility (MOF), an OMG standard for defining metamodels that provides the
ability to design and integrate semantically different artifacts in a unified way (MOF, 2016).

The OMG Architecture-Driven Modernization Task Force (ADMTF) is developing a set of specifica-
tions and promoting industry consensus on modernization. ADM is defined as “the process of understand
and evolve existing software assets for the purpose of software improvement, modifications, interoper-
ability, refactoring, restructuring, reuse, porting, migration, translation, integration, service-oriented
architecture deployment” (ADM, 2019).

MDE progresses in the direction of achieving to develop software as reliable as any other engineering
product, however, its impact on the software industrialization is limited. The main reasons are due, on the
one hand, to a lack of repositories that contain reliable metamodels of the programming languages, and
transformations between the different metamodels. It is worth considering that, MDE developers, instead
of needing CASE tools to support the development on specific platforms, need to reuse metamodels and
transformations. The incipient degree of progress in the specification of them requires that the developer,
in general, must build them from scratch. This implies additional costs and time involved in these activi-
ties that must be compared with the total benefit. In addition, it is important to note that the construction
of a metamodel should be considered critical development since the instances of a metamodel (models)
must be reliable but currently, it is not focused in this way.

On the other hand, Model-driven approaches were broadcast emphasizing on processes viewed as a
sequence of transformations between metamodels defined through the official standards. However, it
is convenient to have a more flexible vision of MDE that allows integrating software developed from
other frameworks or tools that have been tested through its use for several years and software developers
prefer to continue using them. For example, software developers prefer to use multiplatform languages
over model-driven developments that require defining metamodels and transformations for all multiple
mobile platforms. Integrating multiplatform languages to MDE developments for the modernization of
software would not imply defining metamodels and transformations for all the platforms it supports, but
only for the multiplatform language.

Metamodeling is crucial in Model-Driven processes. It is important to formalize and reason about
MOF metamodels and we propose to exploit the strong background achieved by the community of for-
mal methods. Formal methods provide systematic and rigorous techniques to reduce ambiguities and
inconsistencies in software development. Within the next few decades, tools based on verification will
be as useful and widespread for software development as they are today in critical systems (Beckert and
Hahnle, 2014). Behind the specifications and formal methods exists a community that has developed
theories, languages, methods, and tools, but the software industry does not take advantage of them, in
particular, to effectively address the software crisis . There is already a substantial body of research, tools
and case studies demonstrating that it is possible to develop software as reliable as any other engineer-
ing product. To enhance the software industry, artifact analysis tools that support novel combinations
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