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Abstract--In recent years, software modeling realized much attention in the field of software research and
development due to demonstrating the capability of decreases time and cost of software development and
also improves overall quality of software development process in the form of understanding,
communications, correctness, traceability, and developer productivity etc. Modeling has great potential to
proven mainstream of software development, especially after using analysis and design phase to
implement the system, because models are used as a primary artifact of software development and have
capability to generate software implementation using model driven tools. This paper aims to describe the
value of modeling in context of current mainstream of software development and also introduces different
model driven approaches for software development. This paper also showed the growing acceptance of
model driven technologies in software industries and current research initiatives of developing high
quality model driven solutions for saving the future of modeling in software industries.

Index Terms: Modeling, Model Driven Engineering, Model Driven Technologies.
I INTRODUCTION

Modeling is not a new paradigm in software development or any engineering discipline. For many years ago,
mathematicians, engineers, scientist, system analyst and other technical professionals were used modeling for
creating simplified and effective structure of complex system. The information we get about the real world
problem is structured by the model, and also the whole thing is reduced to those phenomena and aspects which
are considered essential [1].Model has great potential to explain phenomena, improve system predictions,
decision making and effective communication and provides inside view of entire system before building and
also make a direct cost effective benefit of building right system. Model can be used for obtaining better
understanding of software system that helps software development team can get better communication with
other users involved in the project and manage better complexity of software development process.

In earlier software engineering practices, models were used in different perspectives such as use case
models can be used to define high level requirements of the software system, static models describes the static
structure of the system being developed using UML class diagram, dynamic models provide better viewpoint of
a system in the form of communication and sequence diagrams that provides better understanding of
components interactions in run time environment [3,5].

Nowadays, Model Driven Engineering (MDE) is an emerging approach of software development; where
models play a central role for software construction in the form of generating software implementation from
these models. Domain Specific Language (DSL) is realized the actual value of models in software development
[10]. DSL facilitates the software developer to create their own domain specific models and generate 100% code
from these models using DSL tools such as MetaEdit+ [20]. Model Driven Architecture (MDA) is a standard
framework proposed by Object Management Group (OMG) for software development, where models are
designed by Unified Modeling Language (UML) and modeled application domain in different level of
abstraction [OMG]. This paper is organized as follow. The next section describes the benefits of modeling in
software industry. In Section 3, we have covered all cutting edge model driven approaches and discuss their
technical advantages in software development. In section 4, we have studies the current place of model driven
technologies in software industries. In final section 5 describes the future aspects of modeling in software
industries.

1. BENEFITS OF MODELING IN SOFTWRE DEVELOPMENT

Nowadays, software systems are more and more complex due to need of integration with other software system
to runs the system used in our daily life. For example, e-commerce applications are highly integrated with other
web applications such as online banking payment system or other e-commerce applications, to develop such
type of software system realize much attention towards security constraints and quality of services in the form of
performance, interoperability and level of understanding [2]. For the reason, software engineers need to get
better understanding about what they are going to develop.
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Models are widely used in order to get better understanding of the software system by considering it from
different perspective such as requirement models, conceptual models, specification models and implementation
model of software system [3]. Unified Modeling Language (UML) is a general purpose graphical language that
provides graphical notations for modeling real world object and gain much acceptance in the development of
model driven engineering based software solutions. Modeling has numerous advantages in developing model
driven solutions are as following [2, 4].

e Models are used as primary artifacts of software construction; in practice, these models are used for
generating software intensive implementation which reflects in improving the productivity of software
developers.

e Models are used to provide better understanding of the software system that helps to software
developer create or develop high quality software system.

e Models facilitate early stage evolution of software system that helps to reduce the number of errors in
the final software implementation.

e Verify the correctness of software system before the final software implementation using model

verifications.

Model provides better communication between development team and client

Model provides an effective way of traceability throughout software development process.

Modeling have the ability to manage better complexity of software development

Model provides a better way of cost and time estimation.

1. MODEL DRIVEN APPROACHES FOR SOFTWARE DEVELOPMENT

Model Driven Engineering (MDE) is a promising approach to address software complexity and express domain
concepts in effective way. MDE is also concerned with all aspects of reducing the technical gap between
problem domain and software implementation domain by using modeling technologies that supports systematic
way of transforming the problems domains into solutions domain [4, 5]. The primary intention of MDE is to
raise the level of abstraction in software specification that reduces software complexity and increases
automation in software development. This section cover all executable model driven approaches shown in
figure-1 are described below

A. Model Driven Development

Model Driven Development (MDD) is one of the prominent approaches of software development in which
models are considered as primary artifacts and these artifacts are used to generate the code and other sub-
artifacts by using automation tools such as EMP, IBM Rational Software Architect etc [5].

MDD has the potential to improve the quality of software in the form of following key aspects

e MDD improves productivity due to support of rapid automation in software development that decreases
time and cost of software development by generating code and other sub-artifacts from the model and
also increase the developer productivity.

e Maintainability is one of the big issue in Enterprise system, because technologies and platforms are
changed frequently in the IT market and each organization want to shift their business system on new
technologies or platform that create a problem of redevelopment of system that increase the
unnecessary cost and Burden for the organization. MDD helps to solve this kind of problem by leading
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to maintainable architecture where changes are made rapidly and consistently and enabling more
efficient migration of legacy system on to new technologies or platform [6].

e MDD improve design communication, because models help in understanding and reasoning about
system at design level and this leads to improve the discussion making and communication about the
system.

e Model Driven Architecture is the particular vision of MDD proposed by Object Management Group
(OMG) and widely accepted as a subset of MDD as shown in figure-1 [7, 8].

B. Domain Specific Modeling Languages

Domain Specific Modeling Language (DSML) is also known as Domain Specific Language (DSL). DSL has
potentials to generate 100% code from domain specific models and increases software development, 10 times
faster than traditional software development approach. In DSL, models are put at the core of software
development, making it truly and completely model driven [9]. DSL has ability to deal with better complexity,
raise the level of abstraction, making model easier and more convenient. As a domain specific modeling
concept, it has limitation to develop software system only for a particular area in that company. But on other
end, domain specific model constructions are better for communication with users in that particular domain and
the users can get better understand the model, if they are presenting in the form of domain specific. It leads to
claims that domain specific models are more productive for requirement engineering in comparison to other
languages like UML [10, 11].

C. Model Driven Testing

Model Driven Testing (MDT) is an effective and well promising approach for software testing that supports
rapid automation of test case generation from the domain specific UML models. MDT has the ability to reduce
test maintenance cost, because at early stage of software modeling, the implementation changes are confined in
the models [12,13]. MDT also facilitates to developers have customizable option to regenerate the test cases as
per required changes affected to all test cases and also separate the testing logic from the test implementation.
This permits the developers to concentrate on development application which is totally specific on test cases
identified at the early stage of software modeling. Automated software test generation greatly decrease the cost
and time of software testing using MDT tools [14]. These MDT tools facilitate the software tester to create and
edit models in easy way, simulate models, generate correct and quality test cases from the models etc.

D. Model Driven Reverse Engineering

Today, software industries are facing lot of difficulties in managing software maintenance projects. Enterprise
applications that have been developed with outdated technologies due to constant evolution of software
technologies lead to continuous software modernization and migrations of software components on new
platform or technologies [15]. These types of projects may be motivated due to enterprise centric software
requirements. In traditional software engineering, software migration is accomplished through redevelopment of
legacy system, while model driven software engineering provides better opportunity to increase automation in
software migration. Here, Model Driven Reverse Engineering (MDRE) play a key role in obtains high level of
abstraction of legacy system and to create models that represents the system at different level of abstraction
[16]. These models can also be used for different purpose such as documentation generation, metrics and quality
assurance computations and software evolution and modernization process etc [17, 18]. By applying MDRE in
legacy software migration or software modernization, ensures the high automation of software migration or
modernization, but have difficulty to achieve full automation due to the technological gap between the legacy
platform and the new platform. MDRE ensure the quality of new system and facilitates the developer to create
new version of the application using advanced development techniques.

V. MDE ADOPTION IN SOFTWARE INDUSTRIES

Today, model driven approaches provide industry leadership that is resulting in significant technological
advancements and customer satisfaction. We have done extensive survey of acceptance of model driven
technologies in several software industries and we found, the growing acceptance of model driven approaches in
software industries. Several research & development projects are running in model driven area that shows much
interest of software industries. Eclipse Foundation is one of core Software Company which provides Open
Source MDE based Tools for software development. This organization is running several R & D project like
Eclipse Modeling Project, Graphical Modeling Framework and Epsilon etc for improve the overall quality of
development [19]. MetaCase is one of the core model based software company that provides MDE/DSM based
software solutions in various domains like Telecommunications, Embedded, enterprise applications, mobile
applications, and automotive industries etc. In MetaCase Technology, software solutions have developed using
domain specific modeling languages with help of MetaEdit+ tool [20]. MetaCase tool facilitates the developer
or domain modeling professionals to create one or more modeling languages, methods and notations for use
within the process of software development. MetaEdit+ tool has the potential to develop high quality software
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and supports 100% code generation from the domain specific models [21]. In MODELIOSOFT, everything is
transform in the form of model driven technologies. It shows rich adoption of modeling technologies in various
domains such as enterprise application development, enterprise architecture, business architecture, BPMN,
SOA, model driven support of an open source system development [22]. ADA Software is strongly involved in
model driven cutting edge solutions and IT services in various industrial domains such as MDA & IT strategy
consulting-commerce application, Healthcare, Digitalization, enterprise solutions, embedded system and
specialized resource in model driven legacy modernization and component software factory [23]. Model Driven
Solutions is leading provider of MED based IT solutions in various domains such as enterprise architecture
solutions, model driven information sharing with NIEM-UML, model driven architecture based solutions for
business centric application etc. MDS is actively involved in several MDE based R & D projects such as
ModelPro, Foundational UML etc [24]. John Hutchinson [25] has done empirical study of MDE adoption in
different industries such as Printer Company, Car Company, and Telecom Company and found great acceptance
of model driven engineering in different aspect of product design and development. Some of them are described
as following

e In printer company case study, MDE is used to overcome the problems that could not be solved using
existing development technologies. Applying MDE in product development, it improves the overall
quality of production and decrease complexity of product development in the form of technical aspects
and time [25].

e In Car Company case study, MED is not adopted due to technical reason but also it required a solutions
of commercial and organizational challenges that could not be solved and have difficulty to using old
technological infrastructure [25].

Kulkarni at TCS [26] provided practitioner and industry look into future of MDE based software development.
Managers are agreed to the qualitative benefits of MDD and transforming their core software production on
MDE based technologies.

V. FUTURE OF MODELING TECHNOLOGIES

After long study of model driven technologies, the growing acceptance of model driven engineering in software
industry showed much interest. Top MDE based solutions providers are actively involved in several research
and development projects for developing high quality open source MDE based software packages and tools.
These tools accelerate software development with promising aspects in the form of achieving better software
quality, maintenance, and production etc. It given a very clear and straight forward message; in future, model
driven technology is one of the core drivers in software industries.

VI. CONCLUSION

Software modeling has proved its value in model driven development. Modeling recognizes as a mechanism to
obtain better understanding of software system that helps software developers to manage better complexity of
software development and also supports in rapid automation of generating software artifacts from domain
specific models. The growing adoption of model driven technologies in software industries showed the future of
modeling and various open source communities are doing cutting edge research in developing model driven
open source packages for improve the overall quality of software development. Finally, extensive study of
software modeling has shown the present and future of modeling in software industries.
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