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ABSTRACT

This paper aims at improving the re-implementation of
existing information systems when they are called to be
involved in a system of systems, i.e. a federation of en-
terprise information systems that interoperate. The idea
is reusing the local experiences coming from the devel-
opment of the original information system with the
process of Model Discovery and Ontological approach.
We draw the strong points of MDA and HLA, former in
transforming concepts and models from the conceptual
level to the implementation and latter in implementation
of distributed systems, then we propose a MDA/HLA
framework to implement distributed enterprise models
from the conceptual level of federated enterprise intero-
perability approach. In addition, we propose a model
reversal methodology to help re-implement the legacy
information system, in order to achieve the interopera-
bility with other systems. We also draw the strong
points from web services in order to improve the per-
formance of HLA in distribute simulation.

Keywords: Interoperability, HLA, Model reversal, HLA
evolved

1. INTRODUCTION

In the globalised economic context, the competitiveness
of an enterprise depends not only on its internal produc-
tivity and performance, but also on its ability to collabo-
rate with others. This necessity led to the development
of a new concept called interoperability that allows im-
proving collaborations between enterprises. No doubt,
in such context where more and more networked enter-
prises are developed; enterprise interoperability is seen

as a more suitable solution to total enterprise integration.

Since the beginning of 2000, several European re-
search projects have been launched to develop enter-
prise interoperability (IDEAS, ATHENA, INTEROP).
Three main research themes or domains that address
interoperability issues were identified, namely: (1) En-
terprise modeling (EM) dealing with the representation
of the internetworked organization to establish interope-
rability requirements; (2) Architecture & Platform
(A&P) defining the implementation solution to achieve
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interoperability; (3) Ontologies (ON) addressing the
semantics necessary to assure interoperability.

This paper will contribute on rapid and intelligent
development of Distributed Enterprise Information Sys-
tems by proposing a harmonized and reversible devel-
opment framework for HLA based interoperable appli-
cation. In fact, A multiple agent/HLA enterprise intero-
perability methodology and an unified reversible life
cycle for interoperable enterprise distributed informa-
tion systems have been proposed in (Zacharewicz 2008)
& (Tu 2010). They mention that several enterprises,
who participate in a cooperative project, need to ex-
change various information any time through a platform
based on HLA. However, most of the enterprises have
their own legacy information systems and the question
is how to use HLA to connect them conveniently, rapid-
ly, flexibly and perfectly solve the interoperability is-
sues. This paper will use the harmonization of MDA
(Model Driven Architecture) and HLA to form a rapid
and flexible development life cycle. In order to discover
the enterprises’ knowledge quickly, Model Reverse En-
gineering will be used to reverse the legacy information
system of enterprises backwards to models, and concur-
rently to solve the interoperability problems without re-
building the information systems or integrate them
(Jouault 2009). HLA and Web Services will be mixed
in order to improve HLA’s performance, which enables
a closer integration of simulation based systems with
traditional operational systems in a systems-of-systems
approach. Web Services will help HLA to achieve Dis-
tributed Simulation Interoperability with external Sys-
tems in world wide web (Mdler 2005).

The paper is structured as follows. We start out
with a description of background, explain the problems
we want to solve (section 2). Then we give a survey of
related work in the area of HLA, MDI, Web services
and Model Reverse Engineering (section 3). Then, we
describe our framework in general and related scenario
(section 4). After that, we explain our methodology sep-
arately in three parts, harmonization of MDA and HLA
FEDEP, model reversal and HLA Evolved Web servic-
es (section 5).
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2. PROBLEM STATEMENT

The enterprise interoperability framework mentions that
there are three barriers for enterprise interoperability,
conceptual barrier, technological barrier, organizational
barrier (Ullberg 2007). And those barriers are the prob-
lems we want to solve. We propose a synthetic devel-
opment life cycle to facilitate the development of the
dynamic, secure and synchronized interoperable HLA
based platform for enterprises with heterogeneous lega-
cy IT system.

The three crosses in figure 1 represent three bar-
riers in enterprise interoperability framework. For ex-
ample, conceptual barrier, different IT systems use dif-
ferent terms to describe “car”; technological barrier,
different IT systems use different data format for mes-
sage transmission; organizational barrier, diverse or-
ganization structures exist in different enterprises. In
addition, there is another problem. When an enterprise
intents to participate in a existing cooperative project
and connect to other heterogeneous IS, how can we es-
tablish this connection efficiently, correctly, and with
low cost? In this paper, we are going to answer this
question.
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Figure 1 Problems to solve
3. TECHNICAL RECALL

3.1. Model-Driven Interoperability framework

The approach "Model Driven Interoperability” (MDI)
consists in considering interoperability problems from
enterprise models level instead of only at the coding
step.

These works were realized in the Task Group 2
(TG2) of INTEROP-NOE state at defining an approach
inspired from OMG MDA (Bourey 2007). The goal is
to tackle the interoperability problem at each abstraction
level defined in MDA and to use models transforma-
tions techniques to link vertically the different levels of
abstraction or horizontally to ensure each models of the
level interoperability. The main goal of MDI, based on
model transformation, is to allow a complete follow
from expressing requirements to coding of a solution
and also a greater flexibility thanks to the automation of
these transformations.

In the context of TG2, experimentations have been
realized and in particular the feasibility study to trans-
form GRAI Methodology (Chen 1997) (Doumeingts
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2001) Models to UML between CIM and PIM levels
(Bourey 2007). These works are additional works rea-
lized in the context of ATHENA to define UML pro-
files to take into account Service Oriented Architectures
at PIM level (Gorka 2007). These results have consoli-
dated by results presented by (TOUZI 2007) that have
proposed an interoperability transformations method
from BPMN to UML in the context of services oriented
architecture.

Nevertheless, the soundness of the methodology
has been demonstrated, but no full industrial scale vali-
dation have been yet realized. A project ISTA3 has es-
pecially for goal to demonstrate these concepts in an
industrial real world significant application. The differ-
ent methodological propositions will be tested and re-
fined by focusing on model interoperability and their
interoperability. It will consist in particular to improve
the flexibility of the MDI transformation process in the
way of obtaining dynamic interoperability in the context
of federated approach..

3.2. High Level Architecture

The High Level Architecture (HLA) is a software archi-
tecture specification that defines how to create a global
software execution composed of distributed simulations
and software applications. This standard was originally
introduced by the Defense Modeling and Simulation
Office (DMSO) of the US Department Of Defense
(DOD). The original goal was reuse and interoperability
of military applications, simulations and sensors.

In HLA, every participating application is called
federate. A federate interacts with other federates within
a HLA federation, which is in fact a group of federates.
The HLA set of definitions brought about the creation
of the standard 1.3 in 1996, which evolved to HLA
1516 in 2000 (IEEE 2000).

The interface specification of HLA describes how
to communicate within the federation through the im-
plementation of HLA specification: the Run Time Infra-
structure (RTI). Federates interact using services pro-
posed by the RTI. They can notably “Publish” to inform
about an intention to send information to the federation
and “Subscribe” to reflect some information created and
updated by other federates. The information exchanged
in HLA is represented in the form of classical object
class oriented programming. The two kinds of object
exchanged in HLA are Object Class and Interaction
Class. Object class contains object-oriented data shared
in the federation that persists during the run time; Inte-
raction class data are just sent and received information
between federates. These objects are implemented with-
in XML format. More details on RTI services and in-
formation distributed in HLA are presented in.

The FEDEP (Federation Development and Execu-
tion Process) describes a high-level framework for the
development and execution of HLA federation. FEDEP
uses the seven-step process to guide the spiral develop-
ment of the simulation system through phases of re-
quirements, conceptual modeling, design, software de-
velopment, integration, and execution (IEEE 2003).



3.3. MDA & Model Reverse Engineering

MDA is well-known for promoting the use of models
and their transformations to consider and implement
different systems. After MDA became an important
change in software development practice, there is
another research soon launched in OMG, later called
Architecture Driven Modernization (ADM) (OMG
2008).

The basic idea proposed in the MDA approach is to
translate from an abstract platform-independent model
(PIM) expressed in UML into a more concrete platform-
specific model (PSM). When the PSM s obtained, then
we still need to generate code (OMG 2003). In the op-
posite aspect of view, ADM is trying to track the mod-
els by backwards to discover models from legacy sys-
tems. However, sometimes one would like to discover
more specific models from a legacy system. This is why
the ADM group has defined several meta-models to this
purpose, the best known being the knowledge discovery
meta-model (KDM) and abstract syntax tree meta-
model (ASTM) (OMG 2008).

KDM is a meta-model for representing existing
software system and the associations, relationships
among the function models in the system, and also de-
scribe the operation environments. It can insure the inte-
roperability among the existing systems, make the data
exchange among different vendors’ tools easier.

3.4. Web Services

Web Services is a well known technique in distribute
interoperability simulation domain. It has achieve a
great success in business domain, which stems from the
good characteristics of the technology itself, and widely
recognized by enterprises and business organizations
and effective support for the open source community
(Richardson 2007).

The data exchange of Web services is based on
open standards such as HTTP and XML, is not asso-
ciated with any particular vendor, operating system and
programming language, which makes Web services
platform with a good vendor neutrality, coarse-grained
business functions can also be packaged for the Web
service, and it can be discovered by potential consumers.

At the same time, business-to-Web service is wide-
ly recognized. Microsoft, IBM and Sun and other lead-
ing manufacturers as well as Apache and other open
source organizations support it, and World Wide Web
and other standardization organizations active participa-
tion in the Web services technology provides great ma-
turity and popularity of the organization advantage.

4. OVERVIEW OF FRAMEWORK

4.1. Framework Description

Harmonized and Reversible development framework
for HLA based interoperable application, is the general
description of this framework. In this title, there are four
keywords, harmonized, reversible, HLA, and interoper-
able.

Harmonized means this framework is a synthetic
framework, which consists several techniques. As figure
1 shows, in this framework, we create a new five steps
development life cycle which aligns MDA and HLA
FEDEP. MDA is easy to use and easy to understand,
and tightly bounding with Unified Modeling Language ,
Meta-Object Facility (MOF), and Common Warehouse
Meta-model (CWM). It is the best choice to overcome
the interoperability barriers, which mentioned in MDI
framework (Elvesagter 2007). HLA FEDEP is the stan-
dard of development and execution of HLA federation,
and it is similar with the waterfall development but with
look-back test phrase. The motivation of alignment of
MDA & FEDEP
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Figure 2 Harmonized and reversible development framework



is they have lots of similar steps and tasks and easy to
reconstruct and align. In addition, this framework also
use web services to improve the performance of HLA,
which will explain in section 5.3.

Reversible means that this framework uses model
reverse engineering technique to discover the model
from the legacy system. To involve model reverse engi-
neering technique aims to avoid to rebuild the legacy
system for different cooperation. Our objective is to ac-
celerate the development and reduce the cost. As figure
2 illustrates, there are two arrows, which have opposite
direction to five step development life cycle. These two
arrows represent two different scenarios of model rever-
sal in this framework. We will explain this reversal in
5.2.

HLA means that this framework dedicates to the
development of HLA based application. In our project,
we choose an open source RTIl, PORTICO. The reason
of choosing that, is not only because it is free, but also
we want to initiate an open framework to receive more
comments and contributions from people who are inter-
ested in this idea.

Interoperable means that this framework provides
a solution for achieving enterprise interoperability. As
mentioned in section 2, we are going to overcome the
enterprise interoperability barriers and help to realize
the short-lived ontology approach, which mentioned by
(Zacharewicz 2009).

4.2. Scenario
A schema of the related scenario is shown in figure 3.
We assume that before enterprises start to launch a co-
operative project, they all have their own system. Thus,
our goal is to achieve the interoperability among those
legacy systems. The steps of our approach as follows.
Step 1: model reverse engineering will be used to
discover the models from the legacy system based on
enterprises’ requirement and our interest. And then, re-
wind these models into MDA models based on the
alignment of MDA and HLA FEDEP, and solve intero-
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perability problem of each level of MDA models ac-
cording to the principle of MDI framework.

Step 2: a test of the final models we got by model
reverse engineering is carried out. After that, we are
going to transform correct models from CIM to code,
and generate a Federate Interface, which can plug into
the HLA platform and transmit the information with
other companies’ information systems via RTI.

Step 3: if there are other enterprises want to join
this cooperative project, they also need to follow the
step 1 and step 2, to rewind their legacy system into
MDA models, and remove the incompatible parts, then
generate the Federate Interface, finally, synchronize
with other systems.

5. SPECIFICATION OF FRAMEWORK

5.1. Harmonization of MDA and HLA FEDEP

As known, HLA has lot of advantages, such as genera-
lized development process: Federation Development
and Execution Process (FEDEP), synchronization stan-
dard: Runtime Infrastructure Specification, Data Stan-
dards and etc, however, in order to keep these advan-
tages, HLA needs to benefit from the commercial de-
velopments. As MDA is popular, widely recognized and
it is an align able development life cycle with HLA
FEDEP, and MDA can facilitate the construction of si-
mulators and provide the standardized meta models to
this integration (Andreas 2002) (Shawn 2003) (Trbo-
vich 2005), MDA will be the best choice for HLA to
benefit from. Besides that, from interoperability aspect
of view, because most of the enterprises prefer to build
their information system by using MDA, MDA would
be the best choice for overcoming the interoperability
barriers (Ullberg 2007). Model-Driven Interoperability
(MDI) Framework provides a foundation, consisting of
a set of reference models, for how to apply Model Dri-
ven Development (MDD) in software engineering dis-
ciplines in order to support the business interoperability
needs of an enterprise (Elvesaeter 2007).
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5.1.1. Specification of the harmonization

In this section, we propose a new development lifecycle
to reconstruct HLA FEDEP and MDA, and generate a
new five steps development framework (as shown in
figure 4). This new methodology aims to adopt the
strong points from both HLA FEDEP and MDA while
overcoming their weak points, then, to achieve proper
component reuse and rapid development.

Phase 1: Domain requirement definition, whose
main task is to collect clear and enough requirements
from customer in order to define the objective of the
system, to describe the environment of the system, the
scenario of the system. At the same time, all these defi-
nition and description need to be reasonable, unders-
tandable for all the stakeholder. CIM of MDA has more
similar task with Define Federation Objectives, Develop
Federation scenario together in HLA FEDEP. As the
result, we align them in this phase, to convert the user
requirement, which is more textual based, into more
visual model, such as UML use case to derive the feder-
ation requirement, etc.

Phase 2: Domain scenario systematization, whose
main task is to refine the domain scenario and business
process defined in the first phase, to identify and de-
scribe the entities involved in the scenario and business
process. And then, to define the relationships among
entities and behaviors, events for each entity, etc. This
phase integrates PIM in MDA, which describes the op-
eration of system but doesn’t address the detail platform
information yet, as well as steps of Perform Conceptual
Analysis, Develop Federation Requirements and Select
Federates in HLA FEDEP, which also define and select
general participators of the federation, then describe
their relationship, behaviors and event in general.

requirment
definition

2 Domain
scenario
systematization

3 System model
specialization

4 System
implementation

Figure 4 Harmonization of MDA and HLA FEDEP

Phase 3: System model specialization. In this phase,
according to the technique chosen and platform selected,
the system needs to be refined, for instance, to refine
federation and federate structure, to allocate functions
and attributes, etc. Detailed design will carry out at this
time. This phase integrates the following parts in MDA
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and FEDEP. PSM in MDA, which is in the form of
software and hardware manuals or even in an architect’s
head, will be based on detailed platform models, for ex-
ample, models expressed in UML and OCL, or UML,
and stored in a MOF compliant repository. The Prepare
federation design, Prepare plan, Develop FOM, and Es-
tablish federation agreement in FEDEP will produce
federate responsibilities, federation architecture, sup-
porting tools, integration plan, VV&A plan, FOM,
FED/FDD and time management, date management,
distribution agreements, etc.

Phase 4: System Implementation, whose task is to
transfer the specific system model into code, to create
the executable federation and runable federate. At this
level, MDA has various transformation techniques from
model to code. In the FEDEP, Implement Federate
designs will provide modified and/or new federates and
supporting database. Implement Federation Infrastruc-
ture will provide implemented federation infrastructure
and modified RTI initialization data. Plan Execution
and Integrate Federation will provide execution
environment description and integrated federation.

Phase 5: Test. Throughout the previous steps of the
MDA and HLA FEDEP alignment process, testing is
essential to ensure fidelity of the models. Testing phase
includes the Test Federation, Execute Federation and
Prepare Outputs, and Analyze Data and Evaluate Re-
sults in HLA FEDEP. Meanwhile, it will also refer to
the outputs from the previous steps, such as the original
user requirement in the first step, and federation test cri-
teria from second phase.

5.1.2. Harmonized federate structure

A schema of the expected result can be seen in figure 5.
After this harmonization, we can consider a federate as
a converter. A federate has two parts, one is Adapter
and another is Plug-in. Adapter includes Enterprise
Business Behavior Interface, which connects to the en-
terprise business process related to specific strategies
and algorithms of different enterprises. Plug-in includes
Integration code, which manages the interactions be-
tween the enterprise business behavior interface and the
RTI, providing an RTI independent API to the enter-
prise business behavior interface, and a simulation in-
dependent API to the RTI services.
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Figure 5 Harmonized federate structure
The objective of these abstractions is to ensure that
the enterprise business behavior remains decoupled
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from RTI services. After the harmonization, all the fe-
derates will have the same Integration code but different
Enterprise Business Behavior Interface, and any simula-
tion related services required by the enterprise business
behavior interface are accessed via the integration code,
rather than through direct interaction with the RTI. As
the result, integration code is common components for
all the federate of the existing coordinators and also the
reusable components for the future coordinators. And
enterprise business behavior interface will adapt to dif-
ferent legacy systems of different enterprises, it will be
implemented based on specific strategies and algorithms
of different enterprises, it will accomplish the cipher
mission.

5.2. Model Reversal

5.2.1. Specification of Model Reversal

This section describes a brand-new process of model
reverse engineering with different scenarios constraints
(see figure 6). The reverse process will re-characterize
the legacy system in order to capitalize on the informa-
tion and functions of the existing system, and make it
easy for reusing in a new HLA compliant system. This
methodology will assist to HLA FEDEP / MDA align-
ment mentioned in previous section, to fully achieve
rapid development of federation and/or federate based
on the legacy IT systems.

Reversal

Reversal

1 Domain
requirment
definition

2 Domain

4 System
implementation

Reversal

scenario L —
tematizati \
systematization 3 System \
model (“;‘
specialization I |

Reversal

Figure 6 Model Reversal Framework

There are two different arrows, which represent
two different scenarios of the model reverse process,
illustrated in figure 6.

1. First, when an enterprise intents to start ex-
changing information in a new cooperative
project with other enterprises. In that case, the
HLA federation has not been created yet, so
we propose to reverse the code of the legacy
information systems to the first definition
phase (domain requirement definition). Then
from top to down, we generate the model for
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each phase, finally we produce a federation
and federate rapid development template.
Second, if an enterprise intents to participate in
a existing cooperative project and exchange
data with other heterogeneous IS. Thus, we as-
sume an HLA federation has already been
created. Here, according to the HLA FEDEP,
federate starts to be considered from the
second step (Perform Conceptual Analysis) as
the reversal scenario 2 shows in fig. 3.2.
Therefore it is not necessary to reverse to the
first phase, the reversal can stop at the second
phase (Domain scenario systematization). One
will only reuse the model of the existing feder-
ation to create the model for the federate re-
lated to the legacy system of the new participa-
tor. Finally, the model of the existing federa-
tion and the new federate model are used to
generate the code template for the new federate
for rapid development.

5.2.2. Expected result of Model Reversal

A schema of the expected result can be seen in figure 7.
This illustration is based on the approach of MoDisco
(for Model Discovery).

In MoDisco principle (Jouault 2009), A model (Mi)
in the modeling world is a representation of a system
in the real world and the nature of the model (Mi) is
defined by its meta-model (MMi). it means that mod-
el Mi conforms to its meta-model MMi, and every
step is guided by a meta-model. The very first step of
a model discovery process is always to define the meta-
model corresponding to the models you want to discov-
er. Then, the second step is about creating one or many
discoverers, which is illustrated in the middle of figure
7. These discoverers extract necessary information from
the system in order to build a model conforming to the
previously defined meta-model. The way to create these
discoverers is often manual but can also be semi-
automatic.

In addition, in order to adapt MoDisco principle to
our approach, we add constrains before the discoverers.
As we know, the legacy system consists lots of sub-
systems, which are always based on various kind of
platforms and techniques, thus it is big and complex. If
we are going to reverse the whole legacy system, the
project will be extremely hug and complicated, and it
departs from our motivation. As the result, constrains
aims to specify the target source, which means that we
must first define the bound of model reversal before
start to reverse. And the boundary must be defined
based on our interest and each enterprise’s confidential
information. This boundary specification will be rec-
orded as a configuration file which can be read by dis-
coverers.
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According to the ongoing research, none of the
software tools can fully reverse the legacy system from
code to model. Some of the tools can rewind the code to
static model without the dynamic one, and some of
them can only discover the data model from database.
In our approach, we choose MoDisco, which is an Ec-
lipse GMT component for model-driven reverse engi-
neering. The common infrastructure of MoDisco is in-
spired by the KDM, which provides a comprehensive
high-level view of application behavior, structure, and
data and corresponds to a coarse-grained representation
of a given legacy portfolio. MoDisco is a powerful tools
even though it needs to be further improved. It provides
different kinds of DSLs (associated to a meta-model) to
describe the facet you want to discover from a given
legacy. Furthermore MoDisco provides a toolbox that
facilitates the building of model discoverers from the
definition of the target meta-models. MoDisco can gen-
erate static model from the code of program, and can
also generate dynamic model from the execution of
program. However, the output of MoDisco is not adap-
tive to our project. Now, the output is a XML based file
and with a tree structure illustration on eclipse, it is not
easy for the people without strong IT background to un-
derstand it. So, our objective is based on MoDisco, Vvi-
sualize its output and add constrains in order to adapt to
our project.

5.3. HLA Evolved Web Services

In the past few years, HLA has succeeded in many as-
pects, especially in the areas of interoperability and
reuse, however, in pace with the rapid technical change
and the future of the standard, HLA has to face to many
new challenges.

5.3.1. Specification of HLA Evolved Web Services

As known, HLA has been developed within the defense
simulation community, and more focus on the simula-
tion in Local Area Network or in Virtual Private Net-
work, thus disadvantages expose: lack of flexibility,
lack of integration with business and etc. Meanwhile,
Web Services has been developed within the commer-
cial enterprise community, and has achieved a great
success in business domain, which stems from the good
characteristics of the technology itself, and widely rec-
ognized by enterprises and business organizations and
effective support of the open source community. As the
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result, Web Services is the perfect option to help HLA
overcome those disadvantages.

The general idea of HLA evolved Web services is
illustrated in figure 8. We assume that a cooperative
project has been launched. The information systems of
the members run well within the federation. During this
project, another enterprises want to join this project
with different expectation, such as different cooperation
time periods, different cooperation domains, different
expected results from federation, etc. As the result, to
rebuild the federation is impossible. Our solution is to
add one more federate, WebservicesFederate, as shown
in figure 8. This federate will provide various services,
different access permissions, and the common API of
existing federation. The candidates can used the com-
mon API and the service they prefer to general their
own federate, and connect to the existing federation
with different authorities via the wide area network.

For example, in figure 8, there are two enterprise X
and Y want to participate in the existing project. Enter-
prise X is a supplier and enterprise Y is a client who is
interested in the final product of this project. Thus, en-
terprise X has to know the workflow which related to
his business, and synchronize its information with other
stakeholders. While, enterprise Y only ask the informa-
tion from the federation, so, it doesn’t have to synchron-
ize with other systems. As the result, enterprise will ask
WebservicesFederate for the service with an authority
of synchronization with other federates, but enterprise Y
will only require the service with the lowest authority,
which can manage to listen to the federation. Finally, no
matter what kinds of services they got, they are con-
nected to the existing federation via web services.
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Figure 8 HLA Evolved Web Services

Enterprise Y

5.3.2. Architecture of HLA Evolved Web Services
The architecture of HLA Evolved Web Services is illu-
strated in figure 9. In our project, we choose an open
source RTI, PORTICO (POTICO 2009), which doesn’t
provide Web-RTI functionality. Actually, PITCH RTI
supports Web-RT]I functionality (Mdler 2007) , but it is
not free, and as mentioned before, we want to initiate an
open framework, so we choose PORTICO. So, we im-
plement WebservicesFederate as a bridge, who takes
charge of providing web services, connecting and syn-
chronizing the federates outside the federation with the
federates inside the federation.
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As mentioned in section 5.1, after the harmoniza-
tion of MDA and HLA FEDEP, we have integration
code which provides a RTI independent API. And this
API can be reused and published as common API. So,
the candidates can reuse this API and follow the second
scenario of model reversal, mentioned in section 5.2, to
generate their own Enterprise Business Behavior Inter-
face adapt to the common API. After that, the new fede-
rate outside the federation can send the information to
bridge via the Web services interface and be synchro-
nized by bridge.

5.3.3. Demonstration of HLA evolved web services
An implementation of the HLA evolved web services
simulation has carried out by an internship student in
our lab. It is based on POTICO RTI and Java. This si-
mulation is implemented on Eclipse and can run in
Windows NT or Unix system with JDK 1.6.0 (or higher)
environment and ROTICO environment.
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This simulation describes a scenario of car manu-
facturing after a customer order arrives. This simulation
simply simulates car manufacturer and suppliers of
wheel and engine as figure 10 shows. Once the Car
sales agency (CSA) receives an order from a client, it

sends an order to the Car manufacture factory (CMF),
then CMF sends orders to different suppliers, such as
Wheel suppliers (WS) and Engine suppliers(ES), to get
the parts or raw materials. When suppliers finish the
products, they deliver them to the CMF where would
assembles them and then deliver to the CSA. In this si-
mulation, the status of the order is the concerned issue.
CSA cares about when it can receive the cars it orders,
and it concerns about the status of this order. The object
class structure table shows in table 1.

Table 1: object class structure table

object class structure table

dayToFinish

currentState

WheelSupplier count

price

dayToFinish

currentState

Object root | CarManufacturer

count

price

dayToFinish

currentState

EngineSupplier count

price
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We assume that CSA is the federate outside the fed-
eration, while, the WS, ES and CMF are the federates
inside the federation. CSA is synchronized with WS, ES
and CMF by bridge. Figure 11 illustrates the sequence
diagram of this simulation. CSA requires the status of
the order through web services, and bridge uses socket
to connect the federation, and listen to the federation,
waiting for the answer.
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Figuré 11 Sequence diagram of simulation

In this simulation, we assume that three seconds
represent one manufacturing day. When CSA ask the
probable manufacturing time for its order, it will re-
ceive a result, Gantt chart, as figure 12 shows. Then,
when it requires the status of the order, it will receive
the another Gantt chart with detail progress bar.
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Figure 12 Simulation result

Now, the simulation runs well with laboratory data,
except some gaps between our approach and the API
provided by PORTICO. Recently, we are working on
those gaps.

6. CONCLUSION

Based on the state-of-the-art, we have proposed a new
systematic methodology, which is a valuable outcome
of synthetic framework with harmonization of HLA
FEDEP & MDA, Model reverse engineering and HLA
Evolved Web Services. This methodology provides a
new five steps process to develop models of simulation
starting from conceptual enterprise models. In addition,
it also bridges the gap from concepts to implementation
in the field of enterprise modeling by offering a new
standardized and reversible approach. And it also use
the Web services to improve the performance of HLA.
This methodology seems promising regarding to real
enterprise information system requirement of distribu-
tion, federated interoperability and agility of adapt to
dynamic context.

Up to now, this work is still in a research process.
The methodology presented (each phase of HLA/MDA
alignment and the model reversal process) still needs to
be refined and detailed. An implementation of HLA
Evolved Web Services has been carried out with an
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open source RTI, PORTICO. A case study will allow
testing the proposed approach in an industrial context.
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