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ABSTRACT 
As the development of modern combat system grows 
rapidly, the importance of a development and the 
verification of the simulation model are also growing 
rapidly in simulation based acquisition. The simulation 
model of the combat systems can be defined by 
integration of simulation models, and simulation of the 
models is interaction among simulation models. 
Therefore, the verification for each simulation model 
and the verification of interaction among simulation 
models are important. In this paper we propose system 
morphic verification method to support the verification 
of simulation model with respect to the requirement 
specification, and we propose the incremental system 
morphic verification method to verify the interaction 
among the simulation models. The verification method 
based on the system morphism was used in the 
development of warship simulator to support the 
researcher of the national defense research institute. 

 
Keywords: Simulation based Acquisition, Combat 
System Verification, DEVS Formalism, and System 
Morphism 

 
1. INTRODUCTION 
As the development of science and technology grows 
rapidly, the development of modern combat system is 
also growing rapidly. The combat system is a 
composition of subsystems, such as detection, weapon, 
and command and control systems. Such subsystems 
can be the composition of various kinds of equipment, 
such as, the composition of various search and track 
radars. Therefore, a combination of a combat subsystem 
and its components may affect the results of the battle. 
Consequently, the decision maker wants to try various 
combat systems with various scenarios. However, 
developing the combat systems and experiments in 
reality may consume lots of time, effort, and resources. 
For this reason, modeling and simulations are used to 
tackle this problem.  

Simulations have become a useful part of the 
mathematical modeling of various natural systems, such 
as computational physics, chemistry and biology, 
human systems in economics, psychology, and social 
science, in order to gain insight into the operation of 
those systems, or to observe their behavior (Frigg and 
Hartmann, 2006). In general, the natural systems are 
composition of subsystems, which can be defined as the 
composition of various subsystems, recursively. 
Therefore, the simulation model of the natural systems 
can be defined by integration of simulation models, and 
simulation of the models is interaction among 
simulation models. Accordingly, checking the 
effectiveness of the new combat subsystem using its 
simulation model is possible. As a result, domain and 
M&S experts may develop a simulation model for the 
combat system and verify the simulation model that the 
subsystem is working properly while interoperating 
with other subsystems under the military doctrine.  
 In this paper, we propose the verification method 
based on the Modeling & Simulation (M&S) theory. 
The proposed verification method utilizes the system 
morphism to show that the implementation of 
simulation model satisfies the requirement specification. 
Moreover, as mentioned above, the combat system is 
divide into several subsystems that interoperates with 
other subsystems. Therefore, it can be modeled as either 
a single simulation model or an interoperation of 
simulation models which are the subsystem of the 
combat system. Therefore, we propose the incremental 
system morphic verification method to verify from the 
standalone simulator to the interoperation of simulators. 
In addition we introduce the case study of development 
of warship simulator. During the development of the 
warship simulator, the system morphic verification was 
used to verify the standalone simulator while the 
incremental system morphic verification method was 
used to verify the interoperation of simulators. In our 
case study we adapted the discrete event system 
specification (DEVS) formalism (Zeigler, Kim, and 
Praehofer, 2000) as a modeling methodology and 
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system) though GUI 

2 Model Generation 

Missile 
Launcher model 

launches the 
ASM 

Passed 

3 
ASM follows the 

target combat 
system 

Check the 
trajectory of the 

ASM 
Passed 

4 Model Destroy Check through 
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After drawing each DEVS graphs in the warship 

simulator, the M&S experts begin implementing the 
simulation models; the domain experts must extract test 
cases from the SLD documents and make the SMTD 
documents. Table 1 shows this part of the SMTD 
document. 

In Phase II, we verify the design and the 
implementation of HLA modules, i.e. KHLAAdaptor. 
In order to verify the HLA modules, we use the DEVS 
models to simulate the detailed simulator. During this 
phase, we can verify the time synchronization, i.e. 
verify the modules that use HLA services, and data 
exchange, such as data encoding and decoding. After 
this phase, we can guarantee that the HLA modules are 
stable enough to test the interoperation between 
standalone simulator and detailed simulators. 

In Phase III, we simply exchange the DEVS model 
into the External Simulator, i.e. the detailed simulation 
model for the real equipment. After we verify the 
external simulator by reviewing the source code and 
checking the log files, we can finally interoperate the 
real equipment. 
 
5. CONCLUSION 
This paper introduces a verification method based on 
the system morphism. System morphism is the relation 
between systems that shows the existence of a structure 
preservation function between two systems. The 
verification of the simulation model against the 
requirement specification is verifying the structure of 
the system. In other words, if we assume that designing 
and testing are the ideal structure preservation functions, 
the verification of the simulation model is that checking 
the test cases which are generated based on the 
requirement specification. We propose a system 
morphic verification method to support the verification 
of a simulation model with respect to the requirement 
specification, and we propose the incremental system 
morphic verification method to verify the interaction 
among the simulation models. The verification method 
based on the system morphism was used in the 
development of the warship simulator in order to 
support the researcher of the national defense research 
institute. Regarding future research, we will extend the 
incremental system morphic verification method to 
verify the various simulation models, such as discrete 
the time model and continuous model.  
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