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Abstract

The paper presents a service-oriented distributed modeling and simulation framework that supports the development
and evaluation of large scale distributed systems such as network-centric and system-of-systems applications. The distinct
features of the framework include a modeling and specification language, dynamic model checking for completeness and
consistency, automated code generation from the specification, simulation of different architectures with a template-based
platform builder, service-oriented multi-agent simulation for easy re-configuration and re-composition, formal policy spec-
ification and enforcement for dynamic verification, and dynamic analyses for evaluation and monitoring. The framework
and most of the tools reported in this paper have been implemented and applied in several industrial projects. This paper
presents the design principles, user interfaces, its runtime infrastructure, and the experiment results on its performance.
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1. Introduction

Network-centric and system-of-systems (SoS) design techniques emerge as a main approach supporting
large scale distributed applications. The modeling and simulation framework presented in this paper aims
at providing comprehensive support to the development and evaluation of network-centric and SoS applica-
tions in all their development phases. In the specification phase, a scenario-based modeling and specification
language is provided for users to model and specify the system. The specification is then model checked to
determine if it is complete and consistent. Test cases to be used in testing phase are generated during the Com-
pleteness and Consistency (C&C) analyses. If the specification passes the verification of model checking, an
automated code generation tool will covert the specification into the executable code for simulation. The
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scenario specification and the automated code generation deal with the high level composition based on exist-
ing atomic functions such as library functions or services in service repository that can be searched, discov-
ered, and invocated. This level of code generation support automated re-configuration and re-composition.
Then the executable code will be tested (validated) in the simulation environment using the test cases generated
during the verification. The purposes of testing are to validate that the code meets the functional requirements
and to measure the performance and dependability (reliability, availability, safety, security, etc.) of the system
under simulation.

The modeling and simulation framework also allows dynamic policy specification [14], verification, valida-
tion, and enforcement via simulation, which can provide support for policy-based computing systems such as
Global Information Grid (GIG) [7].

Another feature of the framework is its Service-Oriented Architecture (SOA) [21] and Web Services (WS)
implementation, which supports the simulation of SOA applications, distributed applications, multi-agent-
based applications, highly dependable applications with fault-tolerance structures [18] such as redundancy
and re-configuration, and recomposable applications that can dynamically change their functionality and
form new applications at runtime.

In the entire process, the scenario specification needs to be written manually and the required atomic func-
tions are assumed to exist in library or repository. All the remaining steps can be performed using automated
tools in real time and at runtime. Furthermore, tool support is also provided for writing the specification,
including a graphic interface, powerful syntax checking, and semantic checking in terms the completeness
and consistence of the specification [22–24]. In other words, the simulation framework represented in this
paper supports rapid simulation based on the specification.

There are two classes of distributed simulation techniques: distributed analytic simulations and distributed
virtual environments [5].

One of the most successful analytic simulation techniques is the parallel and distributed discrete-event sim-
ulation. Georgia Tech Time Warp (GTW) is an example of applying discrete-event simulation [6]. Object-ori-
ented technique has been adopted in this class of simulations to improve the system structure and component
reusability [4,29].

Current distributed discrete-event simulation is still in the stage of model-code-run, which means that
the users have to create a model of the target system, program the simulation based on the model, and then
run the simulation, as discussed in GALATEA [3]. Several centralized discrete-event simulation frameworks
such as SimuLink� in MatLab� [20], Arena [1], and SimProcess [19], provide the capability of model-and-
run [25], i.e. after a user builds the model for a target system, the simulation framework can run the simula-
tion without a manual coding step, which saves a great deal of effort. Current distributed virtual environments
such as DIS and HLA, as discussed below, also need a manual coding step before the simulation can be
executed.

The most well-known examples of distributed virtual environments are IEEE DIS (Distributed Interactive
Simulation) [8,9] and IEEE HLA (High Level Architecture) [10–12].

HLA evolved from DIS aiming primarily at training simulations and the ALSP (Aggregate Level Simula-
tion Protocol). It includes non-runtime components to specify the object model used by the simulation feder-
ation, which includes a set of object types chosen to represent the real world, the level of detail at which the
objects represent the world, and the key models and algorithms that are to be used.

HLA provides powerful rules and templates for users to specify the simulation-federates and their intero-
perations. However, it does not provide consistent modeling methodologies and tools to model the target�s
behaviors and to verify and validate the correctness of the simulation. It is the responsibility of the user to
ensure that the models built meet the requirement and the specification of the target system.

Comparing to HLA, our modeling and simulation framework is an integrated framework that provides
model-and-run support for distributed simulation. The framework also provides a full set of tools to perform
rigorous verification and validation in every step of the simulation development.

The rest of the paper is organized as following: Section 2 presents an overview and the various user inter-
faces supported by the distributed simulation framework. Section 3 explains the runtime infrastructure that
powers the framework; Section 4 gives an example to illustrate how to build a simulation on the framework;
Section 5 presents the experiments results; Section 6 concludes the paper.
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