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Abstract. In the recent decades, the amount of data produced by scientific, engineering, and life science
applications has increased with several orders of magnitude. In parallel with this development, the applications 
themselves have become increasingly complex in terms of functionality, structure, and behavior. In the same 
time, development and production cycles of such applications exhibit a tendency of becoming increasingly 
shorter, due to factors such as market pressure and rapid evolution of supporting and enabling technologies. As 
a consequence, an increasing fraction of the cost of creating new applications and manufacturing processes 
shifts from the creation of new artifacts to the adaption of existing ones. A key component of this activity is the 
understanding of the design, operation, and behavior of existing manufactured artifacts, such as software code 
bases, hardware systems, and mechanical assemblies. For instance, in the software industry, it is estimated that 
maintenance costs exceed 80% of the total costs of a software product’s lifecycle, and software understanding 
accounts for as much as half of these maintenance costs. To facilitate the software development process, it 
would be ideal to have tools that automatically generate or help to generate UML (Unified Modeling 
Language) models from source code. Reverse engineering the software architecture from source code provides 
a valuable service to software practitioners. Case tools implementing MDA and reverse-engineering constitute 
an important opportunity of software development engineers. So MDA and reverse engineering is an important 
key witch make makerspace more productive and more efficient. 

1. INTRODUCTION

The architecture of a system is a specification of software 
components, interrelationships, and rules for component 
interactions and evolution over time. In 2001 OMG adopted an 
architecture standard, the Model Driven Architecture (MDA). 
With the emergence of internet applications, the 
interoperability problem moved from the integration of 
platforms and programming languages on a company intranet 
to the integration of different middleware on the Internet. In 
this situation, the middleware is part of the problem itself [1].
The original inspiration around the definition of MDA had to 
do with this internet middleware integration problem. Apart 
from interoperability reasons, there are other good benefits to 
use MDA such as to improve the productivity, code and 
processes quality and, software maintenance costs. MDA is an 
architectural framework for improving portability, 
interoperability and reusability through separation of concerns. 
It uses models to direct the complete lifecycle of a system; all 
artifacts such as requirement specifications, architecture 
descriptions, design descriptions and code, are regarded as 

models. MDA provides an approach for specifying a system 
independently of the platforms that it supports, specifying 
platforms, selecting a particular platform for the system, and 
transforming the system specification into one implementation 
for the selected particular platform. It distinguishes 
Computation Independent Model (CIM), Platform Independent 
Model (PIM), Platform Specific Model (PSM) and 
Implementation Specific Model (ISM). The Unified Modeling 
Language (UML) [2,3] combined with the Object Constraint 
Language (OCL) [4] is the most widely used way for writing 
either PIMs or PSMs. Model Driven Development (MDD) 
refers to a range of development approaches that are based on 
the use of software models as first class entities. MDA is the 
specific realization of MDD proposed by OMG. It is carried 
out as a sequence of model transformations: the process of 
converting one model into another one of the same system 
preserving some kind of equivalence relation between them. 
The idea behind MDA is to manage the evolution from CIMs 
to PIMs and PSMs that can be used to generated executable 
components and applications. The high-level models that are 
developed independently of a particular platform are gradually 
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transformed into models and code for specific platforms. The 
concept of metamodel, an abstract language for describing 
different types of models and data, has contributed significantly 
to some of the core principles of the emerging MDA. The Meta 
Object Facility (MOF), an adopted OMG standard, (latest 
revision MOF 2.0) provides a metadata management 
framework, and a set of metadata services to enable the 
development and interoperability of model and metadata driven 
systems [5]. MDA reverse engineering can be used to recover 
architectural models of legacy systems that will be later used in 
forward engineering processes to produce new versions of the 
systems. OMG is involved in a series of standards to 
successfully modernize existing information systems. 
Modernization supports, but are not limited to, source to source 
conversion, platform migration, service oriented architecture 
migration and model driven architecture migration. 
Architecture Driven Modernization (ADM) is an OMG 
initiative related to extending the modeling approach to the 
existing software systems and to the concept of reverse 
engineering [6]. One of ADM standards is Knowledge 
Discovery Metamodel (KDM) to facilitate the exchange of 
existing systems meta-data for various modernization tools [7].
The following section presents the concepts of model, 
metamodel, transformation, MDA and reverse engineering in 
more details and finally presents our study and how to share it 
in makerspaces. 

2. MDA AND REVERSE ENGINEERING

To understand automated reverse engineering, we must first 
understand model driven development/architecture [8] [9] and 
the transformation framework. Model driven development and
code generation from models is called in literature forward 
engineering. In a model driven development approach, given 
two meta-models, i.e.,  a source meta-model and a target meta-
model and the transformation rules that can transform the 
source meta-model into the target meta-model, any given 
platform independent model that adheres to the source meta-
model can be translated into a platform specific model (PSM) 
that adheres to the target meta-model. The resulting PSM can 
then be translated into various implementation artifacts on the 
target platform. This is called forward engineering. By 
reversing this approach, platform independent models can be 
extracted from platform specific models and implementation 
artifacts. Extraction of models from existing artifacts of a 
business application is termed reverse engineering.

Figure 1 shows forward engineering transformation 
approach and reverse engineering transformation approach. 
The figure represent software transformations that 
automatically translate artifacts on the left to the artifacts on 
the right of the arrows they reside. Model transformation is the 
process of converting one model into another model of the 
same system preserving some kind of equivalence relation 
between both of these models.  

Fig. 1. Model, metamodels and transformations

The idea behind MDA is to manage the evolution from 
CIMs to PIMs and PSMs that can be used to generate
executable components and applications. The high-level 
models that are developed independently of a particular 
platform are gradually transformed into models and code for 
specific platforms. The transformation for one PIM to several 
PSMs is at the core of MDA. A model-driven forward 
engineering process is carried out as a sequence of model 
transformations that includes, at least, the following steps: 
construct a CIM; transform the CIM into a PIM that provides a 
computing architecture independent of specific platforms; 
transform the PIM into one or more PSMs, and derive code 
directly from the PSMs.

The success of MDA depends on the existence of CASE 
tools that make a significant impact on software processes such 
as forward engineering and reverse engineering processes, 
however all of the MDA tools are partially compliant to MDA 
features. The major developments taking place in the 
framework of the Eclipse project [10]. For instance, the Eclipse 
Modeling Framework (EMF) was created for facilitating 
system modeling and the automatic generation of Java code.
The major developments taking place in the framework of the 
Eclipse project [10]. For instance, the Eclipse Modeling 
Framework (EMF) was created for facilitating system 
modeling and the automatic generation of Java code. EMF 
started as an implementation of MOF resulting Ecore, the EMF 
metamodel comparable to EMOF. EMF has evolved starting 
from the experience of the Eclipse community to implement a 
variety of tools and to date is highly related to Model Driven 
Engineering (MDE). For instance, ATL (Atlas Transformation 
Language) is a model transformation language in the field of 
MDE that is developed on top of the Eclipse platform [11].
Commercial tools such as IBM Rational Software Architect, 
Spark System Enterprise Architect or Together are integrated 
with Eclipse-EMF [12] (figure 2). 

Fig. 2. ISM Java constructs versus PSM Java constructs

Reverse engineering is the process of analyzing a subject 
system to identify the system’s components and their 
interrelationships and create representations of the system in 
another form or at higher levels of abstraction [13]. Reverse 
engineering is needed when the process to understand a 
software system would take a long time due to incorrect, out of 
date documentation, complexity of the system and the 
insufficient knowledge of the maintainer of the system. 
Reverse Engineering is used to recover lost information, to 
improve or provide documentation, to detect side effects, to 
reuse the components and to reduce the maintenance effort. 

This technique is widely used in several disciplines 
including new technologies such as mechanics, electronics, etc. 
In computer science, Reverse engineering dynamic models is 
to convert the code to models such as UML sequence diagram, 
state diagram, etc, the goal is to increase the level of 
abstraction to better understand the behavior of software.

Reverse engineering dynamic UML models is a very 
efficient way to understand complex software whose source 
code is absent or documentation is outdated. It is also used in 
software engineering activities such as testing and validation.

In this paper, we consider UML diagrams as target design 
models for reverse-engineering. This means that we focus only 
on RE of UML diagrams (i.e. the process that analyzes the 
execution of the system and creates UML diagrams that 
depicting its structure and its behavior). UML is an object-
oriented language for software system modeling [2,3]. It is 
composed of a set of diagrams which allow specifying the 
several aspects of a system. The two main aspects are: static 
(structural diagrams) and behavior (dynamic) aspects. The 
static aspect of system can be specified using class or 
component diagrams, while the behavior aspect can be 
specified using sequence diagrams, state machines and activity 
diagrams...etc.

In the earlier approaches, reverse engineering of object 
oriented code resulted in generation of class diagrams, 
interaction diagrams and use case model in general. However 

they represent only the static nature of the object oriented 
systems.

3. RELATED WORKS

Several studies have been performed on the reverse 
engineering of UML diagrams [14,15,16,17,18,19,20,21]. We 
distinguish two categories in existing approaches: static and 
dynamic. Static analysis is to use the code structure to generate 
the sequence diagram. One of the main works based on static 
analysis is that Rountev et al. [14]. They proposed an approach 
for the extraction of UML sequence diagrams from code 
through building the control flow graphs. The dynamic analysis 
is to analyze the performance of the application. Several 
studies try to generate the sequence diagram by analyzing the 
execution traces. In [15] is proposed an approach to build a 
high-level sequence diagram incrementally from basic diagram 
using the operators introduced by UML 2.0. In [16] they try to 
build a high-level sequence diagram from combined fragment 
using the state vector describing the system. In [17], it is 
proposed an approach completely dynamic based on the LTS 
(labeled transition system) for merger traces collected and 
generate a high-level sequence diagram. 

These approaches have succeeded in generating 
representative UML behavior. But they recognize some 
limitations. These limitations include the information filtering 
problem. Thus, the resulting sequence diagram contains a lot of 
useless information that does not help to understand the 
software.

Figure 3 shows an  MDA-based Reverse Engineering 
Framework for reverse engineering that distinguishes three 
different abstraction levels linked to models, metamodels and 
formal specifications.

Fig. 3. MDA-based Reverse Engineering Framework

The model level includes code, PIMs and PSMs. A PIM is 
a model with a high-level of abstraction that is independent of 
an implementation technology. A PSM is a tailored model to 
specify a system in terms of specific platform such J2EE or 
.NET. PIMs and PSMs are expressed in UML and OCL [2,3,4]. 
The subset of UML diagrams that are useful for PSMs includes 
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transformed into models and code for specific platforms. The 
concept of metamodel, an abstract language for describing 
different types of models and data, has contributed significantly 
to some of the core principles of the emerging MDA. The Meta 
Object Facility (MOF), an adopted OMG standard, (latest 
revision MOF 2.0) provides a metadata management 
framework, and a set of metadata services to enable the 
development and interoperability of model and metadata driven 
systems [5]. MDA reverse engineering can be used to recover 
architectural models of legacy systems that will be later used in 
forward engineering processes to produce new versions of the 
systems. OMG is involved in a series of standards to 
successfully modernize existing information systems. 
Modernization supports, but are not limited to, source to source 
conversion, platform migration, service oriented architecture 
migration and model driven architecture migration. 
Architecture Driven Modernization (ADM) is an OMG 
initiative related to extending the modeling approach to the 
existing software systems and to the concept of reverse 
engineering [6]. One of ADM standards is Knowledge 
Discovery Metamodel (KDM) to facilitate the exchange of 
existing systems meta-data for various modernization tools [7].
The following section presents the concepts of model, 
metamodel, transformation, MDA and reverse engineering in 
more details and finally presents our study and how to share it 
in makerspaces. 

2. MDA AND REVERSE ENGINEERING

To understand automated reverse engineering, we must first 
understand model driven development/architecture [8] [9] and 
the transformation framework. Model driven development and
code generation from models is called in literature forward 
engineering. In a model driven development approach, given 
two meta-models, i.e.,  a source meta-model and a target meta-
model and the transformation rules that can transform the 
source meta-model into the target meta-model, any given 
platform independent model that adheres to the source meta-
model can be translated into a platform specific model (PSM) 
that adheres to the target meta-model. The resulting PSM can 
then be translated into various implementation artifacts on the 
target platform. This is called forward engineering. By 
reversing this approach, platform independent models can be 
extracted from platform specific models and implementation 
artifacts. Extraction of models from existing artifacts of a 
business application is termed reverse engineering.

Figure 1 shows forward engineering transformation 
approach and reverse engineering transformation approach. 
The figure represent software transformations that 
automatically translate artifacts on the left to the artifacts on 
the right of the arrows they reside. Model transformation is the 
process of converting one model into another model of the 
same system preserving some kind of equivalence relation 
between both of these models.  

Fig. 1. Model, metamodels and transformations

The idea behind MDA is to manage the evolution from 
CIMs to PIMs and PSMs that can be used to generate
executable components and applications. The high-level 
models that are developed independently of a particular 
platform are gradually transformed into models and code for 
specific platforms. The transformation for one PIM to several 
PSMs is at the core of MDA. A model-driven forward 
engineering process is carried out as a sequence of model 
transformations that includes, at least, the following steps: 
construct a CIM; transform the CIM into a PIM that provides a 
computing architecture independent of specific platforms; 
transform the PIM into one or more PSMs, and derive code 
directly from the PSMs.

The success of MDA depends on the existence of CASE 
tools that make a significant impact on software processes such 
as forward engineering and reverse engineering processes, 
however all of the MDA tools are partially compliant to MDA 
features. The major developments taking place in the 
framework of the Eclipse project [10]. For instance, the Eclipse 
Modeling Framework (EMF) was created for facilitating 
system modeling and the automatic generation of Java code.
The major developments taking place in the framework of the 
Eclipse project [10]. For instance, the Eclipse Modeling 
Framework (EMF) was created for facilitating system 
modeling and the automatic generation of Java code. EMF 
started as an implementation of MOF resulting Ecore, the EMF 
metamodel comparable to EMOF. EMF has evolved starting 
from the experience of the Eclipse community to implement a 
variety of tools and to date is highly related to Model Driven 
Engineering (MDE). For instance, ATL (Atlas Transformation 
Language) is a model transformation language in the field of 
MDE that is developed on top of the Eclipse platform [11].
Commercial tools such as IBM Rational Software Architect, 
Spark System Enterprise Architect or Together are integrated 
with Eclipse-EMF [12] (figure 2). 

Fig. 2. ISM Java constructs versus PSM Java constructs

Reverse engineering is the process of analyzing a subject 
system to identify the system’s components and their 
interrelationships and create representations of the system in 
another form or at higher levels of abstraction [13]. Reverse 
engineering is needed when the process to understand a 
software system would take a long time due to incorrect, out of 
date documentation, complexity of the system and the 
insufficient knowledge of the maintainer of the system. 
Reverse Engineering is used to recover lost information, to 
improve or provide documentation, to detect side effects, to 
reuse the components and to reduce the maintenance effort. 

This technique is widely used in several disciplines 
including new technologies such as mechanics, electronics, etc. 
In computer science, Reverse engineering dynamic models is 
to convert the code to models such as UML sequence diagram, 
state diagram, etc, the goal is to increase the level of 
abstraction to better understand the behavior of software.

Reverse engineering dynamic UML models is a very 
efficient way to understand complex software whose source 
code is absent or documentation is outdated. It is also used in 
software engineering activities such as testing and validation.

In this paper, we consider UML diagrams as target design 
models for reverse-engineering. This means that we focus only 
on RE of UML diagrams (i.e. the process that analyzes the 
execution of the system and creates UML diagrams that 
depicting its structure and its behavior). UML is an object-
oriented language for software system modeling [2,3]. It is 
composed of a set of diagrams which allow specifying the 
several aspects of a system. The two main aspects are: static 
(structural diagrams) and behavior (dynamic) aspects. The 
static aspect of system can be specified using class or 
component diagrams, while the behavior aspect can be 
specified using sequence diagrams, state machines and activity 
diagrams...etc.

In the earlier approaches, reverse engineering of object 
oriented code resulted in generation of class diagrams, 
interaction diagrams and use case model in general. However 

they represent only the static nature of the object oriented 
systems.

3. RELATED WORKS

Several studies have been performed on the reverse 
engineering of UML diagrams [14,15,16,17,18,19,20,21]. We 
distinguish two categories in existing approaches: static and 
dynamic. Static analysis is to use the code structure to generate 
the sequence diagram. One of the main works based on static 
analysis is that Rountev et al. [14]. They proposed an approach 
for the extraction of UML sequence diagrams from code 
through building the control flow graphs. The dynamic analysis 
is to analyze the performance of the application. Several 
studies try to generate the sequence diagram by analyzing the 
execution traces. In [15] is proposed an approach to build a 
high-level sequence diagram incrementally from basic diagram 
using the operators introduced by UML 2.0. In [16] they try to 
build a high-level sequence diagram from combined fragment 
using the state vector describing the system. In [17], it is 
proposed an approach completely dynamic based on the LTS 
(labeled transition system) for merger traces collected and 
generate a high-level sequence diagram. 

These approaches have succeeded in generating 
representative UML behavior. But they recognize some 
limitations. These limitations include the information filtering 
problem. Thus, the resulting sequence diagram contains a lot of 
useless information that does not help to understand the 
software.

Figure 3 shows an  MDA-based Reverse Engineering 
Framework for reverse engineering that distinguishes three 
different abstraction levels linked to models, metamodels and 
formal specifications.

Fig. 3. MDA-based Reverse Engineering Framework

The model level includes code, PIMs and PSMs. A PIM is 
a model with a high-level of abstraction that is independent of 
an implementation technology. A PSM is a tailored model to 
specify a system in terms of specific platform such J2EE or 
.NET. PIMs and PSMs are expressed in UML and OCL [2,3,4]. 
The subset of UML diagrams that are useful for PSMs includes 
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class diagram, object diagram, state diagram, interaction 
diagram and package diagram. On the other hand, a PIM can 
be expressed by means of use case diagrams, activity diagrams,
interactions diagrams to model system processes and state 
diagrams to model lifecycle of the system entities. An ISM is a 
specification of the system in source code.

At model level, transformations are based on static and 
dynamic analysis. The metamodel level includes MOF 
metamodels that describe the transformations at model level. 
Metamodel transformations are specified as OCL contracts or 
QVT transformations [30] between a source metamodel and a 
target metamodel. MOF metamodels “control” the consistency 
of these transformations. The level of formal specification 
includes specifications of MOF metamodels and metamodel 
transformations in the metamodeling language NEREUS that 
can be used to connect them with different formal and 
programming languages. This framework could be considered 
as an MDA-based formalization of the process described by 
[22]. In this chapter we exemplify the bases of our approach 
with Class Diagram reverse engineering. However, our results 
include algorithms for extracting different UML diagrams such 
as interaction diagram, state diagram, use case diagram and 
activity diagram [23,24,25,26]. 

4. METHODOLOGY

Our approach consists on converting platform specific artifacts 
into a platform independent model (Figure 4). Platform specific 
code, artifacts, UI elements and schema are processed in a 
Model Generator Module to generate a platform specific 
model. The platform specific code, artifacts, UI elements and 
schema could be present in many forms and formats including 
code written in programming languages such as Java, or C, or 
C++ and schema and other artifacts represented as xml files or 
other files. A Model Generator Module processes the platform 
specific artifacts in their various formats and extracts a 
platform specific model from them. In order to do this, it has to 
know the metamodel of the underlying platform. If one exists, 
then the implementation artifacts can be mapped to such a 
platform specific model. But in cases where one does not exist, 
we use a semi-automated approach to derive metamodels from 
specific platforms. In general, extracting the meta-models for 
non-standards based and proprietary platforms is an 
engineering challenge. Depending on the platform, varying 
amounts of manual effort may be required to extract the meta-
modal of the platform. If the meta-models are not published or 
not accessible, then one may have to resort to manual 
observation of exemplars to derive the meta-model from the 
exemplar. This means an exemplar with all possible types of 
elements needs to be constructed. An exemplar contains the 
implementation artifacts which include code, schemas, xml 
files etc. The meta-model extraction may be automated using 
exemplar analysis tools available in vendor tools such as 
IBM’s Rational Software Architect (RSA). 

However, an exemplar must be created first to conduct the 
exemplar analysis. In our work, for the two vendor platforms 
chosen, we were able to obtain the metamodels for one of the 
vendor platforms while we had to manually create the other 
using exemplar creation and exemplar analysis.

Fig. 4. Our approach to deriving platform independent models from 
implementation artifacts

This metamodel is then used by the Model Generator 
Module to generate a platform specific model for specific 
model instances. Then, filtering is performed to extract only 
those elements that would be of ‘value’ at platform 
independent level in an SOA environment. The rationalization 
and filtering mechanism can employ predefined rules to 
perform this. For example, models of artifacts such as factory 
classes for business objects, and auxiliary data structures and 
code that setup environment variables and connectivity with 
legacy systems etc need not be translated onto platform 
independent models. These types of business objects, data 
structures, application services, their operations are cleansed 
and filtered at this stage. Then from the platform specific 
model, we extract service models and apply a service litmus 
test as given in IBM’s SOMA method [27] to categorize 
services as process services, information services, security 
services, infrastructure services etc. SOMA method defines 
these categories of services. Each service along with its 
ecosystems of services can be examined in detail to derive this 
information either automatically or manually. Once done, 
additional tagging is done on services to note which ones are 
exposed externally and which ones are internal 
implementations. The litmus test can be administered manually 
or can be automated if there is enough semantic information 
about the code/artifacts to know about the behavior and 
characteristics. 

In our work, we used a user- directed mechanism for doing 
this filtering. A tool has been developed to enable a developer 
to conduct the filtering. This along with the user experience 
elements and models are all extracted into a platform 
independent model via model-driven transformations. In 
addition one can use code analysis tools to understand the call-
graph hierarchy to retrieve an ecosystem of mutually dependent 
services. Several vendor tools are available for doing this for 
various programming languages. We use IBM’s Rational 
Software Architect (RSA) [28] tool to do code analysis [29]. 

This information is captured and reflected in a platform 
specific model which then gets translated into a platform 
independent model via model driven transformations. This 
helps generate a service dependency model at the platform 
independent model. The service model and the service 
dependency information together provide static and the 
dynamic models at the platform independent level.

5. REVERSE ENGINEERING IN MAKERSPACE

This study can be shared through experimental workshops 
working on concrete case studies using one of the MDA 
software, these workshops should simply be equipped with a 
few computers or a single computer with a video projector can 
do the trick. The sharing can also be done by videoconference 
or by recorded videos illustrating the use of these tools by 
demonstrations or by other means allowing sharing like a local 
network. 

6. CASE STUDY

Transformations create elements in a target model (domain) 
based on elements from a source model’ [6]. A model driven 
transformation is a set of mapping rules that define how 
elements in a given source model map to their corresponding 
elements in a target domain model. These rules are specified 
between the source and target platform metamodels. 
Depending on what need to be generated there could be 
multiple levels of transformations such as model-to-model, 
model-to-text, model-to-code and code-to-model. Also, 
depending on the domain and the desired target platform 
multiple levels of transformations might be required to 
transform a PIM into implementation artifacts on a target 
platform in the case of forward engineering and vice versa for 
reverse engineering. For example, transformations may be 
required across models of the same type such as a 
transformation from one PSM to another PSM to add 
additional levels of refinement or across different levels of 
abstraction such as from PIM to PSM or from one type of 
model to another such as from PSM to code or even PIM to 
code. In our case (Figure 5), we use the traditional PIM-to-
PSM and PSM-to-code transformations for forward 
transformations and code-to-PSM and PSM-to-PIM 
transformations for model extraction or reverse engineering. 
Operationally, multiple levels of transformations can be 
chained so that the intermediate results are invisible to the 
consumer of the transformations. The proposed case tool to 
prove our approach is Rational Software Architect or Eclipse-
EMF (the Eclipse Modeling Framework).

Fig. 5. Case tool for deriving platform independent models

7. RESULTS/DISCUSSION

Reverse engineering is one the essential parts of software 
maintenance. It involves high risk especially when the 
maintenance and development teams are different. Extracting 
the static model from the source code may not be motivating 
factor for software maintenance. Many reverse engineering 
tools and approaches are proposed in literature. However each 
represents only a subset of operational requirements. The 
process of reverse engineering is resulting in models consisting 
of only the static parts of design. Though the communication 
among objects is transformed, but reverse engineering of the 
internal state of the object is not presented. Static models are 
limited in their usefulness. It is important to realize that quality 
attributes such as performance and reliability can be predicted 
from the dynamic behavioral models of the system.  

In this paper we proposed a new approach to extract UML 
dynamic behavior diagrams from the Java source code using 
both the static and dynamic analysis. 

There are two main categories of existing UML behavior 
reverse engineering approaches: the first category refers to 
approaches which are based on static analysis while the second 
concerns dynamic analysis based approaches. Static analysis is 
done on static information which describes the structure of the 
software as it is written in the source code. However, dynamic 
analysis is based on the system runtime behavior information 
which can be captured by separated tools as in [17], by 
instrumentation techniques as in [18], or by debugging 
techniques. There approaches [31,32, 33] which combine both 
static and dynamic approaches for more efficiency.

ITM Web of Conferences 13, 01028 (2017)	 DOI: 10.1051/itmconf/20171301028

CMES2017

4



class diagram, object diagram, state diagram, interaction 
diagram and package diagram. On the other hand, a PIM can 
be expressed by means of use case diagrams, activity diagrams,
interactions diagrams to model system processes and state 
diagrams to model lifecycle of the system entities. An ISM is a 
specification of the system in source code.

At model level, transformations are based on static and 
dynamic analysis. The metamodel level includes MOF 
metamodels that describe the transformations at model level. 
Metamodel transformations are specified as OCL contracts or 
QVT transformations [30] between a source metamodel and a 
target metamodel. MOF metamodels “control” the consistency 
of these transformations. The level of formal specification 
includes specifications of MOF metamodels and metamodel 
transformations in the metamodeling language NEREUS that 
can be used to connect them with different formal and 
programming languages. This framework could be considered 
as an MDA-based formalization of the process described by 
[22]. In this chapter we exemplify the bases of our approach 
with Class Diagram reverse engineering. However, our results 
include algorithms for extracting different UML diagrams such 
as interaction diagram, state diagram, use case diagram and 
activity diagram [23,24,25,26]. 

4. METHODOLOGY

Our approach consists on converting platform specific artifacts 
into a platform independent model (Figure 4). Platform specific 
code, artifacts, UI elements and schema are processed in a 
Model Generator Module to generate a platform specific 
model. The platform specific code, artifacts, UI elements and 
schema could be present in many forms and formats including 
code written in programming languages such as Java, or C, or 
C++ and schema and other artifacts represented as xml files or 
other files. A Model Generator Module processes the platform 
specific artifacts in their various formats and extracts a 
platform specific model from them. In order to do this, it has to 
know the metamodel of the underlying platform. If one exists, 
then the implementation artifacts can be mapped to such a 
platform specific model. But in cases where one does not exist, 
we use a semi-automated approach to derive metamodels from 
specific platforms. In general, extracting the meta-models for 
non-standards based and proprietary platforms is an 
engineering challenge. Depending on the platform, varying 
amounts of manual effort may be required to extract the meta-
modal of the platform. If the meta-models are not published or 
not accessible, then one may have to resort to manual 
observation of exemplars to derive the meta-model from the 
exemplar. This means an exemplar with all possible types of 
elements needs to be constructed. An exemplar contains the 
implementation artifacts which include code, schemas, xml 
files etc. The meta-model extraction may be automated using 
exemplar analysis tools available in vendor tools such as 
IBM’s Rational Software Architect (RSA). 

However, an exemplar must be created first to conduct the 
exemplar analysis. In our work, for the two vendor platforms 
chosen, we were able to obtain the metamodels for one of the 
vendor platforms while we had to manually create the other 
using exemplar creation and exemplar analysis.

Fig. 4. Our approach to deriving platform independent models from 
implementation artifacts

This metamodel is then used by the Model Generator 
Module to generate a platform specific model for specific 
model instances. Then, filtering is performed to extract only 
those elements that would be of ‘value’ at platform 
independent level in an SOA environment. The rationalization 
and filtering mechanism can employ predefined rules to 
perform this. For example, models of artifacts such as factory 
classes for business objects, and auxiliary data structures and 
code that setup environment variables and connectivity with 
legacy systems etc need not be translated onto platform 
independent models. These types of business objects, data 
structures, application services, their operations are cleansed 
and filtered at this stage. Then from the platform specific 
model, we extract service models and apply a service litmus 
test as given in IBM’s SOMA method [27] to categorize 
services as process services, information services, security 
services, infrastructure services etc. SOMA method defines 
these categories of services. Each service along with its 
ecosystems of services can be examined in detail to derive this 
information either automatically or manually. Once done, 
additional tagging is done on services to note which ones are 
exposed externally and which ones are internal 
implementations. The litmus test can be administered manually 
or can be automated if there is enough semantic information 
about the code/artifacts to know about the behavior and 
characteristics. 

In our work, we used a user- directed mechanism for doing 
this filtering. A tool has been developed to enable a developer 
to conduct the filtering. This along with the user experience 
elements and models are all extracted into a platform 
independent model via model-driven transformations. In 
addition one can use code analysis tools to understand the call-
graph hierarchy to retrieve an ecosystem of mutually dependent 
services. Several vendor tools are available for doing this for 
various programming languages. We use IBM’s Rational 
Software Architect (RSA) [28] tool to do code analysis [29]. 

This information is captured and reflected in a platform 
specific model which then gets translated into a platform 
independent model via model driven transformations. This 
helps generate a service dependency model at the platform 
independent model. The service model and the service 
dependency information together provide static and the 
dynamic models at the platform independent level.

5. REVERSE ENGINEERING IN MAKERSPACE

This study can be shared through experimental workshops 
working on concrete case studies using one of the MDA 
software, these workshops should simply be equipped with a 
few computers or a single computer with a video projector can 
do the trick. The sharing can also be done by videoconference 
or by recorded videos illustrating the use of these tools by 
demonstrations or by other means allowing sharing like a local 
network. 

6. CASE STUDY

Transformations create elements in a target model (domain) 
based on elements from a source model’ [6]. A model driven 
transformation is a set of mapping rules that define how 
elements in a given source model map to their corresponding 
elements in a target domain model. These rules are specified 
between the source and target platform metamodels. 
Depending on what need to be generated there could be 
multiple levels of transformations such as model-to-model, 
model-to-text, model-to-code and code-to-model. Also, 
depending on the domain and the desired target platform 
multiple levels of transformations might be required to 
transform a PIM into implementation artifacts on a target 
platform in the case of forward engineering and vice versa for 
reverse engineering. For example, transformations may be 
required across models of the same type such as a 
transformation from one PSM to another PSM to add 
additional levels of refinement or across different levels of 
abstraction such as from PIM to PSM or from one type of 
model to another such as from PSM to code or even PIM to 
code. In our case (Figure 5), we use the traditional PIM-to-
PSM and PSM-to-code transformations for forward 
transformations and code-to-PSM and PSM-to-PIM 
transformations for model extraction or reverse engineering. 
Operationally, multiple levels of transformations can be 
chained so that the intermediate results are invisible to the 
consumer of the transformations. The proposed case tool to 
prove our approach is Rational Software Architect or Eclipse-
EMF (the Eclipse Modeling Framework).

Fig. 5. Case tool for deriving platform independent models

7. RESULTS/DISCUSSION

Reverse engineering is one the essential parts of software 
maintenance. It involves high risk especially when the 
maintenance and development teams are different. Extracting 
the static model from the source code may not be motivating 
factor for software maintenance. Many reverse engineering 
tools and approaches are proposed in literature. However each 
represents only a subset of operational requirements. The 
process of reverse engineering is resulting in models consisting 
of only the static parts of design. Though the communication 
among objects is transformed, but reverse engineering of the 
internal state of the object is not presented. Static models are 
limited in their usefulness. It is important to realize that quality 
attributes such as performance and reliability can be predicted 
from the dynamic behavioral models of the system.  

In this paper we proposed a new approach to extract UML 
dynamic behavior diagrams from the Java source code using 
both the static and dynamic analysis. 

There are two main categories of existing UML behavior 
reverse engineering approaches: the first category refers to 
approaches which are based on static analysis while the second 
concerns dynamic analysis based approaches. Static analysis is 
done on static information which describes the structure of the 
software as it is written in the source code. However, dynamic 
analysis is based on the system runtime behavior information 
which can be captured by separated tools as in [17], by 
instrumentation techniques as in [18], or by debugging 
techniques. There approaches [31,32, 33] which combine both 
static and dynamic approaches for more efficiency.
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We show in this paper the importance of the reverse 
engineered static and dynamic views of the system architecture 
in order to predict the system quality attributes and analyze 
possible plans of the system evolution.
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8. CONCLUSION

Reverse-engineering aims to provide design models from 
existing software. Hence, this can facilitate program 
comprehension and by consequence maintenance and evolution 
of systems.

In this paper, we have presented an overview on the reverse 
engineering of static and behavioral diagrams. Our approach 
helps software development engineers to reverse engineer 
object-oriented software. This paper gives also manners of  
how to share and benefit of the reverse engineering 
technologies in software development Makerspace.

A Makerspace is a shared community space where people
can come together and collaborate while sharing tools, 
resources and knowledge. Makerspaces can include a range of 
equipment and instructions from industrial arts, electronic & 
robotic technologies and 3D prototyping to software 
development and digital arts. A Makerspace represent an 
opportunity to share our software development approach. So, 
in this paper we presented our approach to porting software 
solutions on multiple software middleware platforms. We 
propose the use of model-driven transformations to achieve 
cross-platform portability. We propose approaches for two 
scenarios. First, in cases where no software solution exists on 
any of the desired target middleware platforms, we advocate 
developing a platform independent model of the software 
solution in a formal modeling language such as UML and then 
applying model-driven transformations to generate 
implementation artifacts such as code and schemas from the 
models on the desired target platforms. Second, if a software 
solution already exists on one specific middleware platform, 
we propose applying reverse transformations to derive a 
platform independent model from the implementation artifacts 
and then applying forward transformations on the derived 
model to port that software solution on to a different target 
platform. We advance the traditional model-driven technique 
by presenting a service-oriented approach to deriving platform 
independent models from platform specific implementations.
Reverse-engineering aims to provide design models from 
existing software. Hence, this can facilitate program 
comprehension and by consequence maintenance and 
evolution of systems. Our approach helps software 
development engineers to reverse engineer object-oriented 
software.

Our future work is to evaluate our approach on more 
complex system such as embedded systems
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8. CONCLUSION
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existing software. Hence, this can facilitate program 
comprehension and by consequence maintenance and evolution 
of systems.

In this paper, we have presented an overview on the reverse 
engineering of static and behavioral diagrams. Our approach 
helps software development engineers to reverse engineer 
object-oriented software. This paper gives also manners of  
how to share and benefit of the reverse engineering 
technologies in software development Makerspace.

A Makerspace is a shared community space where people
can come together and collaborate while sharing tools, 
resources and knowledge. Makerspaces can include a range of 
equipment and instructions from industrial arts, electronic & 
robotic technologies and 3D prototyping to software 
development and digital arts. A Makerspace represent an 
opportunity to share our software development approach. So, 
in this paper we presented our approach to porting software 
solutions on multiple software middleware platforms. We 
propose the use of model-driven transformations to achieve 
cross-platform portability. We propose approaches for two 
scenarios. First, in cases where no software solution exists on 
any of the desired target middleware platforms, we advocate 
developing a platform independent model of the software 
solution in a formal modeling language such as UML and then 
applying model-driven transformations to generate 
implementation artifacts such as code and schemas from the 
models on the desired target platforms. Second, if a software 
solution already exists on one specific middleware platform, 
we propose applying reverse transformations to derive a 
platform independent model from the implementation artifacts 
and then applying forward transformations on the derived 
model to port that software solution on to a different target 
platform. We advance the traditional model-driven technique 
by presenting a service-oriented approach to deriving platform 
independent models from platform specific implementations.
Reverse-engineering aims to provide design models from 
existing software. Hence, this can facilitate program 
comprehension and by consequence maintenance and 
evolution of systems. Our approach helps software 
development engineers to reverse engineer object-oriented 
software.

Our future work is to evaluate our approach on more 
complex system such as embedded systems
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