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ABSTRACT 

 
The combination of MDA and HLA is the need for HLA development. In this paper, MDA-based HLA 
simulation Framework is put forwards. The Domain partition of such framework is analyzed in detail. In 
that framework, RTI is regard as a sub domain in the service domain, not a platform as usual. But it is more 
benefit for the model reusability. At last, the integration method of RTI domain models and application 
models is provided. This method is a new thought for the application of MDA in HLA. 
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1. INTRODUCTION  
 

As the main technique in the distributed 
simulation area, High Level Architecture (HLA) 
needs to develop continuously. Although, the HLA-
based application systems are concentrated in 
defense field, a well-designed defense simulation 
project also needs the support from other 
commercial departments, such as telecommunicate 
-ions, traffic etc... But the platforms of those 
commercial departments are often not the HLA-
based applications. Some are based on CORBA, or 
some based on J2EE. Therefore, in order to develop 
a large scale simulation project, the combination of 
HLA and other software technology should be 
considered.  

Model Driven Architecture (MDA) is the 
concept which was put forward by OMG in July 
2001.It made the separation between the analysis 
design of the operation functions and the realization 
technology, which minishes the influence to system 
when using different technologies. The core method 
of MDA includes three steps: building the platform 
Independent model (PIM), transforming PIM to 
platform Specific model (PSM) and last 
transforming PSM to code .Both MDA and HLA 
work for the realization of system interoperation. 
But the former pays more attention to the solution 
of model reusability, and the later pays more 
attention to the domain interoperation from the 
view of communication and interconnection. In 
brief, to apply the technology and theory of MDA 
to HLA is one of the most important solutions for 
the system interoperation and reusability in the 
future. Therefore MDA-based HLA simulation 
technology will enhance the system reusability to 
the model level, which is the inevitable option for 
the HLA further development. 

Firstly, this paper puts forward the MDA-based 
HLA simulation framework, and describes the 
position of RTI in the framework. Then, it 
discusses the method of the integration between 
RTI and other certain domain models.  

 
2. THE DOMAIN PARTITION OF MDA-   

BASED HLA SIMULATION 
 
System Theory shows that “system can be also 

called architecture. It is an organic whole that is 
combined by many interactive and interdependent 
parts and has specific function”. As a kind of 
system, MDA-based HLA simulation framework 
has the major attributes of system, such as 
relativity, comparability and stability. So MDA-
based HLA Simulation Framework should have 
some common lines for the system development. 
Therefore, we put forwards the domain partition of 
MDA-based HLA system. 

2.1 Domain Partition of MDA-based System 
MDA always decomposes the described system 

with the theme-based boundary strategy in order to 
realize all the advantages of MDA. The foundation 
of the theme partition is that any system is orbed by 
a series of theme. The theme is also called do main. 
Domain is a independence world constituted by a 
group of special classes. That world can be true, 
supposed or abstract, and those class behaviors are 
decided by the rules and strategies of different 
domains. Normally, the domains of a MDA-based 
system can be divided to 4 kinds: the application 
domain, service domain, architecture domain and 
implementation domain. 

Application domain is to express the system pur-
pose from the viewpoint of the user. Usually ,such 
domain will form the nearest and most direct 
relationship with the final user. Serve domain is 
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about the basic services concerning the application 
domain. 

Architecture domain expresses the design and 
coding strategy applied in the overall system. The 
analysis of all domains is carried out based on the 
architecture domain. 

Implementation domain expresses the existing 
components, including: the existing software 
components that will be reused later, the 
components built as part of the developing 
procedure, and the purchased components, such as 
compiler and database. 

2.2 Domain Partition of MDA-based HLA 
Simulation System 

According to the domain partition of MDA-
based system described before, as for MDA-
based HLA simulation system, we think of the 
HLA attributes and design the domain partition 
for that system. Compare with the common 
domain partition, the main differences are in the 
application domain and the service domain. 

The application domain is the theme domain a 
-bout certain simulation application. Anything re 
-lated to the system user demands will be include 
-d. According to the different model types, the d 
-omain can be divided to different sub domains 
to raise model reusability. Here, the federate sub 
domain is designed especially for HLA-based 
simulation, which is used to offer the very only 
handle of the federate, and solves the functions 
associated with the HLA simulation. The benefit 
is t-hat other sub domains in the application 
domain can be reused in other simulation 
systems besides HLA-based system. When 
developing HLA-based system, integrating 
operation models with the federate sub domain 
model will get a fit federate. So do the other 
federate. 

The service domain includes the user interface 
sub domain, log management sub domain and RTI 
sub domain. The front two domains are universal, 
and can be shared with other application systems 
besides HLA-based system. But RTI sub domain is 
a service sub domain only for MDA-based HLA 
simulation. As HLA has just determined the most 
common design rules for the simulation on the top 
level to guarantee the interoperation and reusability 
between system parts, as far as the HLA framework 
itself, it doesn’t restrict the idiographic realization 
method of simulation systems. Thus the Run-Time 
Infrastructure (RTI) could design and improve 
independently, which view makes it possible to set 
RTI as a sub domain. 

The architecture domain includes 3 aspects. First, 
it offers the met model structure for MDA-based 
HLA simulation. Second, it offers the model 
transformation rules. The last, it offers the 
integration methods and rules for the models in 
different domains. 

The Implementation domain includes some 
existing purchased software such as Oracle, 
Windows, etc... 

The realization of the MDA-based HLA 
simulation system is to transform the models from 
PIM to PSM, and integrate the models in the four 
domains above. Later, we will discuss the 
integration of RTI and the models in HLA applica-
tion domain. 

3. THE APPLICATION PATTERN OF RTI 

3.1 The position of RTI 
Nowadays, there have been some researches on 

the MDA-based HLA. But most of them take RTI 
as a platform, and do much work on the 
transformation from the PIM to the RTI PSM. 

The dissertation “The Research on the 
Application of Model Driven Architecture in HLA-
based Simulation System [1]” puts forwards the 
three major prerequisite conditions to apply MDA 
to HLA. One of them is to design the RTI-aimed 
UML profile for model transformation. “The Next 
Step - Applying the Model Driven Architecture to 
HLA [2]”and the dissertation “Research on the 
Component Based HLA Equipment Support 
Simulation [3]”are also the research taking RTI as a 
Platform. 

Although, those researches make HLA improve a 
lot, and ease the development of HLA simulation 
system .But as far as the overall development of a 
simulation system, not all models are design just for 
the HLA simulation. For some C4I systems, such 
models still have high value. Therefore, to take RTI 
as a platform seems not quite suitable. The reasons 
are as follows. First, if so, the models are just for 
HLA. Secondly, as PSM must have relationship 
with the RTI version, different RTI versions will 
have different PSM .It will make it hard to find the 
suitable models for a certain simulation or to 
manage those models. Finally, although to follow 
the real MDA development, the developer will only 
need to build the PIM, and the following work will 
be finished automatically. But, as for as the recent 
research on MDA, it is nearly impossible. So to 
transform the RTI PSM, the developer must be 
familiar with the working mechanism of HLA/RTI. 
So, we take RTI as a service sub domain. When 
design the HLA application domain, the designers 
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only need to describe the business knowledge, 
without paying any attention to RTI characteristic. 

 

3.2 Integration of RTI 
As we talked above, the MDA-based HLA 

system is realized though integration of models[4-
7].As we take RTI as a domain, it makes the 
communication hard between HLA application 
domain models and RTI sub domain models .So it 
is necessary to analyze the integration method in 
detail. 

Figure 1: Basic Principle Of RTI Bridge 

In this paper, we call the integration part of the 
business models and RTI models-RTI Bridge.Fig.1 
shows the basic principle. The RTI models provide 
their functions about federate management, time 
management and so on, and then, the RTI Bridge 
encapsulates those functions to a “black box” to 
match the needs of the HLA application models. 
“Black box” means it is sightless to the application 
models. That is, the application model designers 
can get the corresponding services without knowing 
the detail of RTI .In PSM, according to the 
platform, RTI version, the RTI Bridge can 
transform to the suit platform. 

Fig.3 has described the general structure of RTI 
Bridge. The internal structural of the RTI Bridge 
includes four modules: integration management 
module, application model management module, 
RTI service management module and simulation 
thread management module. 

 

Figure 2:General Structure Of RTI Bridge 

The integration management module is the core 
module, which coordinate the logic between other 
three modules as well as the communication with 
the external environment. 

The application model management module 
realizes the management of all the entity model 
participating in the simulation, and forms the 
publish/subscribe information for the simulation 
object model [8]. 

The RTI service management module includes 
all the RTI interface services, which is responsible 
to realize the interoperation with RTI (such as call 
the RTI service functions and monitor the call-back 
message by RTI) [9-10]. 

The simulation thread management module is 
responsible to realize the management of the entire 
emulation course, and coordinate the simulation 
model thread and simulation main thread to 
conform them synchronous. 

With the synchronous work of those four 
modules, the Integration will realize. 

4. SYSTEM SIMULATION 
 

Simulation environment supporting software 
configuration including the RTl settings and the 
OPNETModeler software configuration. In RTI 
need to set a new federal, and creating FOM files; 
according to the federal rules to generate.Fed 
documents; created in line with the federal rules of 
OPNET federal member of the SOM file. OPNET 
software settings including the use of HLA special 
properties to configure the Mod eler simulation; 
create for the transmission of OPNET federal 
member interacts with the packet; create a class 
mapping file to build classes and OPNET packet 
format, HLA parameter and the OPNET data 
packet fields of the mapping relationship between 
the semantic category, the mapping file 
modification process model to receive; representing 
the input interaction data packet; modify the 
process model to generate representative output 
interactive packets. Defined in the HLA .Fed file 
defines the class of mobile, now use RTI class to 
the OPNET object mapping rule OPNET 
simulation needs the class attribute, namely, to 
complete the mapping relation: 

HLA definition of the class: 
(class 
(attribute latitude…) 
(attribute latitude longitude…) 
(attribute color…) 
(attribute serial number…) 
) 
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The HLA class is mapped to OPNET mobile 
network model： 

(class mobile station subnet op mobile 
(class set (name contain position string)) 
(creation mode) 
(attribute latitude “Y position” double P) 
(attribute latitude longitude Y position” double 
P”) 

(attribute serial number id integer S) 
)  

Figure 3: General Structure Of RTI Bridge 

In the OPNET environment to achieve MANET 
for collaborative simulation, network settings 
distributed access mode (DCF ), using a carrier 
sense multiple access / collision avoidance protocol 
( CSMA / CA ), through the HLA / RTI interface 
controlled by the federal member program can send 
different rate position information interaction class 
position sends location information, such as ( “ X = 
20, with a = 30 ” ); sending the information is not 
directly transmitted to the federal member OPNET, 
but directly to RTI, RTI according to the position 
information of the order management, found that 
OPNET needs this information, and then call the 
OPNET provide the callback function to notify the 
federal member for receiving information, thereby 
completing the OPNET control site mobile 
characteristics. 

Based on the simulation results the normalization 
analysis, can be seen, when the mobile station when 
stationary, MANET network throughput maximum, 
when the site is moving rate increase gradually, the 
throughput of the network maximum, when the site 
is moving rate increase gradually, the throughput of 
the network begins to drop, indicating that the 
network packet loss rate increased, the decline of 
the network performance. 

5. CONCLUSION 
 
This paper has put forwards MDA-based HLA 

simulation framework. Especially for RTI, we take 

it as a service sub domain in this framework, which 
is different with other researches. And later, we 
show the benefit to do so, and put forwards the 
integrating method of RTI models and application 
models. The research provides a new thought for 
the MDA-based HLA research. 
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