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ABSTRACT

This paper analyzes the key technology of reseanchdevelopment on distributed co-simulation plafo
based on .NET, and puts forward architecture dfitisged co-simulation platform based on .NET. The
design aim of the frame is: fit for different platins, conform to HLA standards and support distatu
collaborative simulation, design a generality siatioln and modeling platform of stronger extendigb#o
that the existing application can be easily integgtaand deployed. The paper also introduces théadet
which uses XML and Web servers to realize the Higtributed application in the internet, and expai
some key technologies realization methods includisigg current simulation model with DLL and COM,
simulation running control based on HLA, realizatihie collaborative communication with XML, and run
manage of collaborative simulation.

Keywords: .NET, Web Service, Smulation Model, Collaborative Communication

conversions. .NET and its relevance technologies
provides a better platform for co-simulation of
heterogeneous systems, this paper introduces the
Co-simulation is used to make experiments ankkey technologies of co-simulation platform and also
get information on the behavior of heterogeneoudiscusses those technology's realization methods.
systems aiming at the valldatlon of their design % AN OVERVIEW OF NET
at the evaluation of their performance. The large
varieties of technolog|es _make it difficult to NET is developed based on distributed
conceive a generic mechanism, which promotes the

. : omputing, so it used some technologies of
cooperation between heterogeneous simulators. Tﬁlestributed computing. such as XML SOAP and so
complexity of current application systems have puting,

raised to a high level, these systems usually" The main characteristic of .NET is:
g ' Y y (1) Applications are hardware-independent

aggregate hardware and software cooperating Parts.A i these languages are compiled via an

Their ~ designs = ask for ~models combmmgi termediate binary code, which is independent of

gqeuitci”rglogsec%‘tics;ifctirelgtn iZSt;aSCtgrré lﬁ;::jsé da? rardware and operating systems. This language is
P P guag SIL: Microsoft Intermediate Language.

representing those parts and/or abstraction leve 5(2) Applications are portable

[1]. Moreover, these parts are usually developed RIS : : .
: .~ Applications compiled as intermediate code are
and validated by means of separate design
. resented as Portable Executable (PE). .NET
processes. At various steps of these process

L . Patform can be full or partial implemented over a
however, it is necessary to verify if these part .
: . : vast range of hardware and software architectures.
interact correctly, in order to validate the ovkral

functionality of the system. The validation of the g(ri)erﬁl(lerll?nguages must comply with a common
whole system —must _take communication _and To add a language to .NET, what is required in
cooperation aspects into account and may l%ﬁeory is for it to meet the requirements of theSCL

extremely complex because of the syste

heterogeneity. In co-simulation environment, each” o on Language ~ Specification), and for
9 Y- ’ someone to develop a compiler from this language

s!mulat_or may send and receive data through a Cfto MSIL. The fact that all the .NET languages are
simulation interface that must handle

. o %ompiled in the form of an intermediate code also
communication, synchronization, and data forma . :
means that a class written in a language may be

1. INTRODUCTION
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derived in another language, and it is possible t8.2.1 Modeling of co-simulation
instantiate in one language an object of a class In the co-simulation environment, various special
written in another language. people may master his familiar method of the
Web services is one core technology of .NETsystem description; the special modeling method
the goal of web services is to enable a softwarean better represent the various aspect of the
application to embed references to the availabkystem. Moreover, Aim at different simulation
libraries of functions, data, and other softwargroblem, the abstraction levels of the model's
application on other computers in internet. Weltomponents are difference, using one model
services enable interoperability by developers tdescription can't satisfied with the demand of
produce functions for reuse and to consumsimulation. In order to make the conveniently
functions created by others anywhere on a networlcooperate between technologist and accurate
In .NET, Web service interfaces are usuallydescription system, co-simulation environment
specified using the Web Services Descriptioomust based on unified object model construction
Language (WSDL). Defined using XML, WSDL and support modeling method on mixed
provides a standardized way to specify théeterogeneous levels[4].
operations in an interface, the input and outp
parameters of those operations.

Once an interface has been defined, The communication of distributed network is

protocol must be used to invoke the operations in
that interface and return any results. The moscthall_enged by_the problem_s, .SUCh as hete_rogeneous
X hysical environment, limited bandwidth of

common protocol for invoking Web services is thérzw)etwork real time reauest. Moreover. the co-
Simple Object Access Protocol (SOAP). SOAP,. S . quest. '

which is defined using XML, also relies on XML to Slmula_tmn environment mvol_ves a great deal of
define a standard format’for the data protocd ata, include model, simulation result and so on,
conveys. UDDI (Universal Description, Discovery,al;lgd g&i? tgaaljsrg gﬁg%;g :mmcuhrﬁgaa%tg;’ r;t] éfh(t)ze
and Integration) allows developers of Web service y . SN '
clients to locate the information they need, sush Which can make effective communication, it should

WSDL interfaces, to build clients that can USZDase on standard, easy to be realized and flexible

: : extended data format.
appropriate Web services.
Because of the variety of implementation3.2.3 Running management

technologies, previous attempts at distributed In order to cooperate the simulation running

computing (CORBA, DCOM, RMI) have vyielded between simulators, it is necessary to design a
systems where the coupling between variousinning manager to monitor the work state of the
components in a system is too tight to be effectivaimulators. The manager also manages the
Standardized, XML-based web services enable simulation time and cooperate the simulation

much more powerful and effective programmingorocess, record the datum of simulation process. It
solution within traditional programming languages can review simulation process when simulation is

l§.2.2 The communication of cooperation
Son{gformanon

3. CO-SIMULATION PLATFORM AND ITs ~ OVe' 4}
KEY TECHNOLOGIES 4. OVERALL ARCHITECTURE
4.1 Design Goal
3.1 Co-Simulation Platform The goal of co-simulation platform is: fit for

Co-simulation platform is a simulation integrateddifferent platforms, conforms to HLA standards and
framework based on standard, which can suppostipport distributed collaborative simulation, desig
co-simulation between distributed, heterogeneous generality simulation and modeling platform of
simulation models, and has the character of opeatronger extend ability and which can be easy
and extended. Co-simulation platform is based odeployed.
the object-oriented modeling and simulation
method of continuous and discrete event mixed
system, it provides the support of modelingr;H
methods and software environment for syste r
modeling and integrating various modeling

2 Overall Architecture

In order to realize the goal of design, this paper
esents the architecture of co-simulation platform
as figure 1. The developers design the simulation
model by co-simulation platform and other

tools{4]. commercial software, such as Matlab, System view,
and deploy those models to the models libraries
3.2 Key Techniques of Co-Simulation Platform which store at Web Service. Consumers can use co-
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simulation platform to search for the demand Start
models from Web Service, and perform the v
simulation work on the platform. During the \ Initialize federate data \
simulation time, the platform use HLA/RTI to v
control the process of simulation running, and ‘ Create federate and join federation ‘
monitor the simulator's state by running manager. h
Collaborative communication of all simulators can ‘ Create ‘““‘a"Te data request ‘
deal with the recognition, transform and >y
synchronization of simulation datum. The platform ‘ R“g'“‘j obieet ‘
can perform the evaluatlon taSk after SImU|atlon ‘Updatc object attribute and send interaction
node ¥
] . . Request federation time
% §b ‘Web Service ¢
1br
+ |Simu
comme arie Jation |C Si Coppc Call tick
;iCl:ll.llat % S rir;?]ri] ra?i?)‘:]e ]allligﬁ 21’;"_2 Simulation models libraries ‘ i the ‘
ion  |gyijand |ng |model |evalu unicat : v :
and data |manajing jaton i, UDDI ‘ Until allow request time ‘
modeli base ger @ I
ols mnana WDSL v
ger SOAP ‘ Delete or remove object ‘
Co-simulation platfc
0-simul auonpal orm XML ¢
end
Network/database TCP/IP
Computer hardware/software system Figure 2. HLA Member Runni ng Time Framework

HLA/RTI offer an environment of simulation
software, it can connect the object which accord
5. REALIZATION TECHNOLOGY OF CO- with the simulation request [3]. RTI is the core of

SIMULATION PLATFORM co-simulation platform, it can provide the function
5.1 Simulation M odeling such as: user login, managing varieties sub modules

In order to meet the demand of modeIOf simulation, the operation of object class (like

recognition and using, a generic specification o‘fre‘?‘“”g new object, _updatmg .Ob]eCt’ Ed'F the
model configuration should be defined, it prescsibe‘rjl.tmblm.e of quect:r(rj]elelf;ﬂg\ the obthect), ma_nagu_hg
the naming and realization rules of interior inded simulation time. The member running time
function, the main functions is: framework is as figure 2.

Model Initialize, defines basic function 5.3 Collaborative Communication Based XM L
characteristics, including sample times, initial The format of communication datum which
conditions of continuous and discrete states, hed ttransfer between Simulators in Distributed system

Figure 1: Architecture Of Co-Smulation Platform

sizes array. can conform to the standard definition of PDU in
Model Derivatives, calculates the derivatives ofEEE1278.1-1995.The Structure of PDU is very
the continuous state variables. complex, In order to support convenient access of
Model Updates, discrete states, sample timeapper levels application, object-oriented class
and major time step requirements. encapsulating technology can be wused to
Model Outputs, Calculates the outputs of thencapsulate the data structure and operation into o
function. each PDU into a class, that can hide details oétow
Model Terminate, Performs any necessary endevel's communication to upper levels, which is
of-simulation tasks. convenient for the development of upper levels.

The co-simulation platform perform modeling Owing to the encapsulating of PDU, the interface
task by the style of flow chart, the systemcan keep fixed when the structure of PDU changes,
simulation model can be easy built by mouse dragis beneficial to expand and modify the simulatio
operation. system.

XML (Extensible Markup Language) is the
collaborative work standard between Web Services
and co-simulation platform, it is applied to data
share and communication. It is easy to realize the
data transform between XML and PDU object by

5.2 Simulation Running Control Based on HLA the method of serializing and deserializing.
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5.4 Compatible to Current Simulation M odels

There are a large number of available models in ]
current S|mu|at|0n System, those mOdelS ar* I nitialize simulation model, set step length dr and simulation time fmax
developed by business or user and stored in the v
Sty|e of DLL function libraries, COM Component' ’ Calculate discrete coefficientin each part and initial value Xi(0) ‘
or other type of file, the other type of file car b
built into DLL or COM by the tools provided by
commercial simulation software. DLL and COM i
can be integrated into Web Service; users c Calculateinputyi &) in each part
heterogeneous system can reuse those models. T ¥ ‘E*wd‘

Calculate input y(k+1)in each part with difference equation

method of Compatible to current simulation modell

is as figure 3. @

Web Service

commercial /current ) )

simulation models ’ Output simulation result ‘
(osimistion L L1 v server

DLL function libraries

Figure 4: Digital Smulations With Discrete Analog
Method Flowchart Of Sructure Diagram

COM component

5.5.2 Discrete event system simulation process

Figure 3: Compatible To Current Smulation Models
55 S| mul at | on Eng| ne Dw gn ‘ Initialize simulation model. TIME=0, generate initial event and define initial state
¥
l ‘ Orderingof events and create event list ‘

Simulation engine is a simulation control———
program that drives simulation files according tQ disibued  random f&——
simulation process operation. The drive modes al ™= |
different for continuous and discrete simulation. T_, Events processing, perform current event, update system state

variablesand generatenew events

5.5.1 Discrete event simulation of continuous
(1) Discrete event model of continuous system

Time advanceand scan current event list ‘

. ,
(Input) (output)
(1) Figure 5: Smulation Mechanism Flowchart Of Discrete
Event System
(2) 5.5.3Driveprocessdesign of simulation engine
There are great differences between continuous
(3) system simulation and discrete event simulation in
simulation method. The continuous system usually
Where, adopts numerical integration or discrete analog
method and uses differential equation, state
X=X+ X (4) equation or difference equation to describe the

pystem. It also concerns the instantaneous state of
dynamic system when the simulation result is
obtained. However, discrete event simulation
usually takes Monte Carlo Method. Its core is
discrete everit s arrangement and processing and
simulation clock step. Although their simulation
methods are different, they both belong to clock
step driving mode in simulation driving process. If
the events scan and generation mechanism of
discrete events are described by system input and

(2) Discrete event simulation process o
continuous system
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output, the simulation operation in every clockpste [5] Wang Jiangyun, Wang Xingren, Chai Xundong,

of both systems can be described by structure
diagram. Therefore, a common driving process of

simulation engine can be designed, which can meet
both system needs. [6]

6. CONCLUSIONSAND FUTURE WORK

“Research and Implementation of COSIM Run-
time Management Platform”, Vol. 5, 2003, pp.
585-587.

Sun Zhixin, Wang Ruchuan, “Research and
Implementation of Distribute Virtual Simulation
Platform Based on ComponentJournal of
System Smulation, Vol. 11, 2001, pp. 417-418.

The characteristics of distributed co-simulatio 7] M. S. Hasan, H. Yu, A. Carrigton, T.C.Yang

platform based on .NET are: on one hand, i
enhances the generic of simulation system by way
of supporting various collaborations, on the other
hand, it improves the ability of extendable and
flexibility of system. It is easy to integrate oemt
application and develop new application. The ke
technologies discussed in this paper have be
applied in the project of Communication System.
Co-simulation Platform, in the next work we will
extend the applying domain of this platform and
study the key technologies of designing generic co-
simulation platform based on WWW browser by
the tool of ASP.NET.
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