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1 Introduction

As discussed in the previous chapter, the idestarfidardizing DEVS model representatisno
allow a platform-independent DEVS model represémtato be executed by a DEVS-based
simulator. In this case, a DEVS model is executed single processor or parallel/distributed
simulation environment. This allows model reus@pilvithout the need for performing long-
distance distributed simulation. Typically, model® stored in repositories and retrieved as
needed. This type of interoperability is very impot to achieve, because often modelers
already have or can easily install a DEVS simulatotheir machine. However, it is much more
difficult for them to retrieve and reuse alreadysérg models that were intended to run on a
specific DEVS environment. Therefore, we need sevag to provide access and share these
numerous models. Having a platform independent DEM8el representation format allows us
to go a step further in automatic model transforomst and generate entire local copies of
distant models.

Using transformations based on code parsing, wegeaarate the XML description of existing
models written for a specific framework. These ilean be stored imodel repositories
accessible through Internet, so that anyone (Wighproper authorizations) can access them [1].
When facing a problem to which Modeling & SimulatiM&S) will be applied, the modeler
starts by searching for an existing model that adulfill the requirements. If there is none, the
modeler can write their own but still take advaetad existing models by reusing them in their
coupled models. To do so, the users download a intedeription from a repository in their
framework, and then they use generic transformatiorgenerate the code for the model. After
this, they simulate their models and those of otisers on their own simulation platform.

Compared to distributed simulation interoperabhilithis approach has the benefit that it
drastically reduces the communications with rensetevers. In fact, after the model description
has been downloaded, there is no more need fossiogethe network (hence the "off-line"
appellation). However, the drawback of this is tretgiven model can have several
unsynchronized versions all over the world. A doluto this issue could be to use some sort of
update feed, but this is still more complicatedntiseamply invoking a service without caring
about the underlying implementation, which can wpamusly improve and evolve.
Simultaneously, knowing the details about the immatation can provide insight into the
structure of the model (which is an important fadtw model-based publishing [2].

To sum up both interoperability solutions exposedehwe can say that the simulator-based
approach (i.e., via distributed simulation middlesyaas discussed in Sectiérror! Reference



source not found.) is aimed at coupling distributed or local modelger remote servers,
whereas the model-based approach aims at integidistributed models in a local simulation.

Although the DEVS mathematical formulation is umsad and well known, representing
complex models with DEVS is still a difficult tasfand, it is not easy to understand).
Consequently, there are a number of alternativesepoesent DEVS models with different
notations and tool support. In the following sestiowe will introduce model-based efforts by
different M&S groups around the world that havektad the problem of standardizing DEVS
models and their simulators.

2 DEVSML

DEVSML is a novel way of writing DEVS models in XMIDEVSML is built on JAVAML (an
XML implementation of JAVA). JAVAML is used to spég the behavioral logic of atomic
models and the structure of coupled models. DEV3Midels are transformable back and forth
between Java and DEVSML, with the objective to evinteroperability between various
models and to reuse and create dynamic scenarios.

The layered architecture of DEVSML is shown in Fggd. A DEVS model can be provided as
a set of platform-specific components, as a s&E¥SML components, or as a combination of
both (see layer 1 in the Figure). Next, the firainposed model can be transformed into a full
DEVSML representation (layers 2 and 3). To do ke, iser must provide the platform from
which their model originates (e.g. DEVSJAVA, CD+etc.). Finally, using layer 4, the
DEVSML model can be transformed to any of the caiibp@aDEVS platforms (layer 5)
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Figure 1: DEVSML layered architecture

2.1 DEVS Structure

To ensure that the final DEVSML complex model isEYS compliant”, a single atomic
Document Type Definition (DTnd a single coupled DTD are defined. Thus, eldéySML
atomic or coupled model may be validated agairstDEVSML DTDs. Both DTDs are listed
below:



<!-- DEVS ATOM C MOXDEL -->
<IENTITY % variable-info

"name CDATA #REQUIRED

type CDATA #REQUIRED">
<IELEMENT atomic
(inputs,outputs,states,ta,deltint,deltext,deltcon,| ambda,services?,java-specific?)>
<IATTLIST atomic

name ID #REQUIRED

simulator (devsjava|xdevs) #REQUIRED

host CDATA #REQUIRED>
<IELEMENT inputs (port*)>
<IELEMENT port EMPTY>
<IATTLIST port

name CDATA #REQUIRED>
<IELEMENT states (state*)>
<IELEMENT state EMPTY>
<IATTLIST state

%variable-info;>
<IELEMENT outputs (port*)>
<IELEMENT ta (block?)>
<IELEMENT deltint (block?)>
<IELEMENT deltext (block?)>
<IELEMENT deltcon (block?)>
<IELEMENT lambda (block?)>
<IELEMENT services (service*)>
<IELEMENT service (method)>
<IATTLIST service

name ID #REQUIRED

port CDATA #REQUIRED>
<IELEMENT java-specific (package-decl,import*,const ructor*,method*)>
<!ELEMENT import EMPTY>

Figure 2: DEVSML atomic DTD

<!-- DEVS COUPLED MODEL -->
<IENTITY % connection-info
"component_from CDATA #REQUIRED
port_from  CDATA #REQUIRED
component_to CDATA #REQUIRED
port_to CDATA #REQUIRED">
<IELEMENT devs (scenario,models)>
<IELEMENT scenario (coupled)>
<IELEMENT coupled
(inputs,outputs,components,internal_connections,ext ernal_input_connections,
external_output_connections,java-source-program)>
<IATTLIST coupled
name ID #REQUIRED
model CDATA #REQUIRED
simulator (devsjava|xdevs) #REQUIRED
host CDATA #REQUIRED>
<IELEMENT inputs (port*)>
<IELEMENT port EMPTY>
<IATTLIST port
name CDATA #REQUIRED>
<IELEMENT outputs (port*)>
<IELEMENT components (coupledReflatomicRef)*>
<IELEMENT coupledRef (components?)>
<IATTLIST coupledRef
name CDATA #REQUIRED
model CDATA #REQUIRED
simulator (devsjava|xdevs) #IMPLIED
host CDATA #REQUIRED>
<!ELEMENT atomicRef EMPTY>
<IATTLIST atomicRef
name CDATA #REQUIRED
model CDATA #REQUIRED
simulator (devsjava|xdevs) #IMPLIED
host CDATA #REQUIRED>
<IELEMENT internal_connections (connection*)>
<IELEMENT external_input_connections (connection*)>
<IELEMENT external_output_connections (connection*) >
<IELEMENT connection EMPTY>
<IATTLIST connection
%connection-info;>

<IELEMENT models (model*)>
<IELEMENT model (java-source-program)>



<IATTLIST model
name ID #REQUIRED>

Figure 3: DEVSML coupled DTD

Both DTDs define the structure and behavior of &/BHEnodel. As Figure and Figure Zhow,
both atomic and coupled components are formed daydard DEVS structural definitions. In
the following code snippet (Figure 4), we show Hbwe structure of a Lorentz Attractor coupled
model may be defined. Note that typically, a DEV&med model consists of structural
definitions, so no JavaML code is needed in thesfiarmation from Java to DEVSML.

<devs>
<scenario>
<coupled name="root" model="LorentzAttractor" sim
<inputs/>
<outputs/>
<components>
<atomicRef name="fxu" model="Function" simulato
<atomicRef name="integrator" model="Integrator"
simulator="xdevs" host="127.0.0.1"/>
<atomicRef name="gxu" model="Function" simulato
<atomicRef name="scope" model="Scope" simulator
</components>

<internal_connections>

<connection component_from="fxu" port_from="out
component_to="integrator" port_to="

<connection component_from="integrator" port_fr
component_to="fxu" port_to="x"/>

ulator="xdevs" host="127.0.0.1">

r="xdevs" host="127.0.0.1"/>

r="xdevs" host="127.0.0.1"/>
="xdevs" host="127.0.0.1"/>

in"/>
om="out"

Figure 4: Code snippet for a Lorentz Attractor couged model

The structure definition of both atomic and coupBEVS components is easy to describe in
XML following the DTD shown in Figure andFigure 3.

2.2 DEVS behavior

The behavior of a DEVS model is limited to atommmponents, that is, the body of the
transition and output functions, as well as theetimalvance function. When the behavior of an
atomic DEVS component is generated, all this caddransformed to JavaML. However,
platform-specific sentences are transformed tofgiatindependent ones, extending the
JavaML specification with new tags suchpdatform-specific state-assignmenport-read etc.
For example, if an atomic component contains DEVMBAode such as:

void deltint() {

holdIn("standby", 3.5); // DEVSJAVA library functi
}

on call

It is transformed to DEVSML using the following exsion of JavaML.:

<deltint>
<block>
<pl at f orm speci fic>
<st at e-assi gnnent op="=">
<lvalue>
<var-ref name="phase"/>
</lvalue>
<literal-string value="standby"/>
</ st at e- assi gnnent >
<st at e-assi gnnent op="=">
<lvalue>
<var-ref name="sigma"/>
</lvalue>
<literal-number kind="float" value="3.5"/>
</ state-assignnent>
</ pl atformspecific>
</block>



</deltint>

Using these special tags, a DEVSML model can bestoamed to any supported DEVS
simulation engine. The main disadvantage of udiigyrmethodology is the portability between
different programming languages (for example, betw@ava and C++). Every programming
language has its native as well as external liesato simplify applications code, (e.g.,
containers, numeric libraries, etc). With DEVSMtartsformations between DEVS simulation
engines developed in different programming langsageuld be possible only if no specialized
functions or libraries were used. However, the DENSreverse engineering provides full
interoperability between models developed in thmesgarogramming language which is a great
advantage when models from different repositoriesused to compose bigger coupled models
using DEVSML seamless integration capabilities. tirenmore, all the DEVSML files
generated can be stored in a Library for reuse.chimposed integrated model is complete in
every respect as it contains behavior and is rdadysimulation. Based on the information
contained in the DEVSML model description, the esponding simulator is called; after the
simulator has instantiated the model, the modelc@es with the designated simulator.
DEVSML provides new concepts for easily integratingerse engineering into a DEVS/XML
standard providing both interoperability and reusete that in this example two DTDs were
created instead of two XML Schemas (the reasohasavaML is defined in terms of DTDs;
the DTD definition is included in the DEVS/XML stdard).

2.3 A DEVSML application

Figure 5shows the Java application that implements DEVSNihgples. It contains two
simulators, namely, xXDEVS and DEVSJAVA, demonstigtithe validation of DEVSML
atomic and coupled models with the same Atomic &uwdipled DTDs. It converts any
atomic/coupled model from their Java implementationDEVSML andvice versa It also
validates any DEVSML model description and integgaany coupled DEVSML description
into a composite DEVSML coupled model ready to ineutated with the target simulator. The
tool also generates a Java code library from a ogiteo DEVSML coupled model. It contains
various web services in operation. The five welvises that are publicly offered are: (1)
convert Java model to DEVSML; (2) convert DEVSMLJava code; (3) validate the existing
DEVSML model; (4) integrate coupled and atomic DBMS models towards a portable
‘Composite’ Coupled DEVSML file that is simulatalalieany remote server; and (5) simulate
the Composite Coupled file and send console messag¢he Server to the Client window
providing evidence that the simulation is runniiigpe users can select their own Source and
Target directories and can choose their implemiemathat is, Java code and Simulator
compatibility. The Server application checks fompatibility as well.
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Figure 5: Client application snapshot implemented s an applet

To conclude, DEVSML patrtially solves the interogslidy in DEVS/XML, and fully supports
the reuse between different simulation platformsri®ans of reverse engineering.

3 DEVS/SOA

This section presents DEVS/SOA in detail. We dtgrintroducing how DEVS/SOA works in
general terms, from a user point of view. Next, present an overview and the software
architecture of DEVS/SOA [3] and its implementatiosing web standards. Finally, we show
how the DEVS/SOA framework is able to integrateesaVDEVS and non-DEVS models.

As stated before, there are many libraries for esging DEVS models. All have efficient
implementations for executing the DEVS protocol andvide advantages of Object Oriented
frameworks such as encapsulation, inheritance, polgmorphism. In order to simplify
notation, we use the term DEVS/JAVA to denote a BHibrary implemented in Java (for
example DEVSJAVA or xDEVS) and DEVS/NET to denot®BVS library implemented in
any language supported by .NET (for example aDBEVS,iCD++ in C++, and DEVS.NET in
CH).

First of all, DEVS/SOA is another DEVS simulatiotagiorm. Implemented in both Java and
.NET programming environments, DEVS/SOA includegnadeling library as well as a
simulation library. The main difference with respée other DEVS simulation libraries is that
the modeling package (including both atomic andptedi classes) are “adapters” of other
DEVS simulation engines. For instance, as seenguar€ 27, a DEVS/SOA atomic component
can be written in DEVSJAVA or xDEVS (as well as tsvn DEVS/SOA native atomic
component). Thus, DEVS/SOA allows interoperabildgynong different DEVS simulation
engines using diverse web services infrastructures.
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Figure 6. Heterogeneous DEVS/SOA model

The same situation happens in the DEVS/SOA .NETagtfucture. The “magic” of
interoperability between DEVS/SOA Java and DEVS/SONET resides in the message-
passing interface. As Figure 28 shows, when a sitouimust send a message to another one,
all the objects (or entities) included in the mgssare passed from one simulator to the other in
XML format. To this end, some intermediate libraruch as JAXB in Java and native .NET
transformations are used to transform an objeaesgmtation to its XML equivalent (both at
the model level, not at the simulator level). Manggnessages in XML format makes possible
the publication of web services, giving DEVS/SOA #bility to publish simulators (and even
atomic or coupled models) as web services.

DEVS/SOA Java DEVS/SOA NET DEVS/SOA Java
Simulator Simulator Simulator
» »
DEVS/SOA Model DEVS/SOA Model DEVS/SOA Model
DEVSJAVA XML CD++ XML native

Figure 7. Interoperability in DEVS/SOA

How to compose a DEVS/SOA model? As stated betaeh DEVS M&S library 1s developed
using a particular programming language (Java, €;, ©#, etc.). Since DEVS/SOA provides
interoperability, the composition of the desired\LEEmModel at the client application level is
completed using a platform independent mechanidmrefore, our approach describes DEVS
coupled models exploiting the XML description fotmdrigure 8 shows the DEVSML
representation of a DEVS coupled model includingeaperimental Frame and a Processor [12]
using three different platforms: xDEVS, DEVSJAVAnca DEVS.NET. The DEVS/XML
notation used to define the structure of DEVS/SQstrithuted and interoperable models is
based on DEVSML (see Sectidgrror! Reference source not found). The root coupled
element determines the root model identificatiord d@he localization of the DEVS web
coordination service. The children nodes of the element represent DEVS atomic models,
connections among DEVS models, or other DEVS calipledels (in a recurrent manner). The
data included for each atomic model item are: @@, the platform where the model can be
simulated, the class that implements the modelrthett be instantiated, the localization of the
DEVS web simulation service that has access tontbgel implementation class repository, and
finally, the names of the input and output portsaahodel as well as the class types of their
messages (as internal elements). The connectims ilesignate links between a model output
and a model input port.



<?xml version="1.0" encoding="UTF-8"?>
<coupled name="efp" host="http://192.168.1.2:8080/axis2/services/Coordinator">
<coupled name="ef" platform="devsjava" class="Ef* host="http://192.168.1.4:8080/axis2/services/Simulator">
<atomic name="generator" platform="xdevs" class="Generator” host="http://192.168.1.4:8080/axis2/services/Simulator">
<inport name="stop" class="Job"/>
<outport name="out" class="Job"/>
</atomic>
<atomic name="transducer" platform="xdevs" class="Transducer” host="http://192.168.1.4:8080/axis2/services/Simulator">
<inport name="solved" class="Job"/>
<inport name="arrived" class="Job"/>
<outport name="out" class="Job"/>
</atomic>
<inport name="in" class="Job"/>
<outport name="out" class="Job"/>
<connection atomicFrom="ef" portFrom="in" atomicTo="transducer" portTo="solved"/>
<connection atomicFrom="generator" portFrom="out" atomicTo="ef" portTo="out"/>
<connection atomicFrom="generator" portFrom="out" atomicTo="transducer" portTo="arrived"/>
<connection atomicFrom="transducer" portFrom="out" atomicTo="generator" portTo="stop"/>
</coupled>
<atomic name="processor" platform="devs.net" class="Processor” host="http://192.168.1.3:3158/Simulator.asmx">
<inport name="in" class="Job"/>
<outport name="out" class="Job"/>
</atomic>
<connection atomicFrom="ef" portFrom="out" atomicTo="processor" portTo="in"/>
<connection atomicFrom="processor" portFrom="out" atomicTo="ef" portTo="in"/>
</coupled>

Figure 8. EFP DEVS/SOA model structure (DEVSML)

Summarizing, from a user’s perspective, the udREN S/SOA M&S implies:
« Compose a DEVS model according to the localizatiiotme original submodels.
* Write a DEVSML file as a result of the modeling pha
e Partition the composed model either manually avigh the DEVS/SOA automated
mechanism
¢ Deploy the models
* Run the distributed simulation.
*  Wait for the results.

The main advantage of DEVS/SOA with respect to othgtributed M&S methods is that the

original models remain encoded in the native pnogning language related to the selected
DEVS library. Therefore, from a user point of viemg middleware is needed (although of
course DEVS/SOA is built using web services tecbgials), and, most important, the software
engineer does not need special distributed progragskills.

3.1 DEVS/SOA software architecture

In DEVS/SOA, an implementation of the DEVS formaliss developed within SOA so as to
provide DEVS M&S services over the WWW. DEVS/SO#oals distributing simulations over
multiple processors in the same computer, overreteor over both. A DEVS coupled model
is split into different submodels that run on nplii computers in a distributed manner. For this
purpose, the DEVS/SOA coordinator deals with sitanahosted anywhere on the web. Every
DEVS/SOA simulator is responsible for managing dtsresponding DEVS atomic model.
Communications between simulators and coordinatare performed using standard
technologies. As a result, DEVS models can be caeeghin a transparent, open, and scalable
way. Another advantage of this architecture is itfieroperability among DEVS submodels.
Since the communication among simulators is peréorim a standard way such as XML, the
associated DEVS submodels can be implemented ddfiegent DEVS simulation engines.
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Figure 9. DEVS/SOA architecture

The proposed DEVS/SOA architecture, whose basie<aptured in Figure 9, embraces three
levels of interoperability between DEVS M&S elemenThe outer level comprehends the
interaction between the client application layerd ahe DEVS coordinator service. It is
implemented using the SOAP communication protocabeding to the operations detailed at
the Coordinator WSDL file. Next, a similar interogbility level is encountered as the
communication between the DEVS coordinator and kitimn services. Again, the SOAP
protocol specification is applied for exchangingustured information between both types of
services. The operations offered by the Simulatovise are encoded in the Simulator WSDL
file. Finally, the third level is at the junctiorf @ DEVS simulator with its associated native
DEVS model, responsible for implementing the DEM3ASatomic models. The messages
among different native DEVS models are expressetMh. In the following, these three levels
(modeling, simulation, and client application) desscribed in detail.

3.2 DEVS/SOA modeling layer

Figure 10 shows excerpts of the DEVS/SOA atomierfate, base class, and the DEVSJAVA
atomic adapter. The former follows a classic DEM8mac structure. In addition, the given
interface includes functions to receive input datXML and to obtain the output in XML (both
implemented in the DEVS/SOA atomic model). The DEM3A atomic model (class
AtomicBase) implements the previous interface, udilg functions getOutput  and
receive , which send and receive data in XML. Finally, DEVSJAVA adapter inherits from
this DEVS/SOA JAVA atomic model and implements DEVS/SOA atomic interface. By
using these classes, heterogeneous DEVS/SOA andSIEWA models can coexist in a
simulation. Thus, to allow interoperability withher DEVS simulation platforms, a new
adapter (only one class per simulation framewor$tnbe implemented.

public interface Atomicinterface {
/I DEVS protocol
void initialize();
double ta();
void deltint();
void deltext@ouble e);
void deltcon@ouble e);
void lambda();
/I Source code is omitted for brevity ...
Ports getinput();
Ports getOutput();
String[] getOutput(String portName};Get values at output port in XML




void receive(String portTo, String[] xmlValu¢hrows Exceptiony/ Receve input data in XML

}

public classAtomicBasemplements Atomicinterface {
/I Source code is omitted for brevity ...
public String[] getOutput(String portName) {
Port port = output.get(portName);
Set<Object> values = port.getValues();
String[] xmlValues =new String[values.size()];
inti=0;
for (Object value : values) {
StringWriter writer =new StringWriter();
Result result mew StreamResult(writer);
JAXB.marshal(value, result);
String xmlValue = writer.toString();
xmlValues[i++] = xmlValue;

return xmlValues;

public void receive(String portTo, String[] xmlValuejrows Exception {
Port port = this.getinput().get(portTo);
for(int i=0; i<xmlValues.length; i++) {
if (xmlValuesJi]!=null) {
StringReader reademew StringReader(xmliValues]i]);
Object value =
JAXB.unmarshal(reader, Class.forName(port.ge@ass()));

this.getlnput().get(portTo).addValue(value);

}
}
/I Source code is omitted for brevity ...

}

public classAtomicDevsJavaxtendsAtomicBasemplements Atomicinterface {
private genDevs.modeling.atomic model;
public AtomicDevsJava(Element xmlAtomic) throws Except{att Constructor
super(xmlAtomic);
/I It processes the corresponding portion of the put DEVSML file ...

/I Source code is omitted for brevity ...

public void deltext@ouble e) {// external transition function
genDevs.modeling.message msg = buildMessage();
model.deltext(e, msg);

}
public void lambda() {
genDevs.modeling.message msg = model.out();
genDevs.modeling.Contentlteratorinterface itr sgomlterator();
while(itr.hasNext()) {
genDevs.modeling.Contentinterface devsJavaPibriext();
Port port = output.get(devsJavaPort.getPortNpme(
if (port!=null)
port.addValue(devsJavaPort.getValue());
}

/I Source code is omitted for brevity ...
public genDevs.modeling.message buildMessage() {
genDevs.modeling.message msgew genDevs.modeling.message();
Map<String, Port> ports = input.ports;
Iterator<String> itr = ports.keySet().iterator();
while(itr.hasNext()) {
String portName = itr.next();
Set<Object> values = ports.get(portName).get¥&(u
for(Object value : values) {
genDevs.modeling.content con = model.makeCofgtertName, (entity)value);
msg.add(con);




}

return msg;

Figure 10. DEVS/SOA JAVA atomic interface, base cks, and the DEVSJAVA adapter

4 DML: DEVS Markup Language

The DEVS Markup Language DML [4] is a design thandardizes the representation of
DEVS models (which can be defined in different DEpI&tforms), and at the same time is as
generic and flexible as possible. The idea is te as XML representation of a specific

programming language, for example the Java Markapguage, as done in DEVSML. This

approach has the advantage that many tools aralalesio manipulate and transform the source
code and the XML representation. However, it induaestrong coupling between the model
and a particular language, therefore restrictisglé@ployment scope.

To enlarge this scope, a more generic representatiald be employed, such as Metal [5] or
Object Oriented XML (O2XML) [6]. These markup larages enable a representation of most
object-oriented programming languages by specifingpmmon denominator between them.
Thereby, an XML document can be transformed intor@® code in any object-oriented target
language. Though this solution seems attractive@revents the modeler from using certain
language features or libraries (e.g., pseudo-randambers generation with the Stochastic
Simulation library [7]; matrix operations using Bxti@iBLAS, etc.). Consequently, such a high-
level language with a small set of features woelduce the universality of the standard, and
make the representation of legacy models veryaiififias they are usually written in a specific
programming language and use advanced languagidiadies and libraries.

To resolve this issue, one should let the modelsestheir favorite language and delegate the
task of interpreting them to simulators or proxi€sat would imply developing an architecture
in which a model is composed of several modulasuitiple languages, this model being itself
simulated by an application possibly written in yatother language. Even though this
architecture is conceivable (using technologiehsascJNI, RMI, CORBA, and Web Services),
the complexity and the loss of performance wouldhilgé.

DML tries to reach a compromise between generality flexibility, by defining an XML
representation of source code.

4.1 DEVS structure

Describing the structure of DEVS models is donetdapslating the set of formalism into an
XML representation. Input and output ports, par@arsetand state variables are characterized by
a name and a type. To allow the deployment of tbdehon any simulator, this type should be
as generic as possible. However, in real-worldiapfibns, the modeler may need to use certain
types defined in particular language libraries. Jatisfy these apparently contradictory
requirements, three different kinds of types mesttnsidered:
- intrinsic types, which are natively supported byl abject-oriented languages
(e.g., integer, string, float, etc.),
- custom types, which are types that are definedbyriodeler in a language independent
manner, and
- language dependent types, which have to be bouagb#ticular type, for each targeted
languages. This notion, close to the one of Absti2ata Types, lets the modeler
conceive algorithms using abstract types that rbestnatched to library or language
types in order to generate the source code oratgettplatform.



Figure 11 shows an example of the use of theserdiif types. In this example, the state
variablesigmais a floating-point number, wherepbaseis a more complex type, namely, an
enumeration with two possible valudsisyor idle. Finally, the variablgjueuehas an abstract
type, which we bind to specific types in Java anttCTherefore, to make this model
deployable on a simulator written in another larggryahe modeler has to specify what type can
be used as a queue in this language. We can adgginenhaving repositories of abstract types
along with their bindings in humerous programmiagduages, to allow their reusability in
several models.

<state>
<variable>
<name>phase</name>
<type kind="custom">procPhase</type>
</variable>
<variable>
<name>buffer</name>
<type kind="languageDependent">Queue</type>
</variable>
<variable>
<name>sigma</name>
<type>double</type>
</variable>
</state>

<type id="procPhase" xsi:type="enum">
<value>busy</value>
<value>idle</value>
</type>
<type id="Queue" xsi:type="languageDependent">
<implementation lang="java">
java.util.LinkedList<String>
</implementation>
<implementation lang="c++">
std::queue<std::string>
</implementation>
</state>

Figure 11: Sample of XML representation of state vaables

The XML Schema for coupled DEVS models includestgocomponents, and coupling
declarations, as well as a tie-breaking functiorthia case of classic DEVS. Components are
described by their name and the type of model th&antiate. The couplings are pairs of ports,
if necessary qualified by their component's naniealfy, the Selectfunction is described by
ordered sets indicating priorities among components

4.2 DEVS Behavior

One of the main issues in standardizing behavicatomic DEVS models boils down to the
following question: How can we describe applicatiogic in a language-independent manner?
Several efforts have been directed towards progidin XML representation of source code.
Some of them are oriented towards a sole programmaimguage, for example, JAVAML [8],
PascalML [9], or CppML [10], while others proposecabularies that contain a common
denominator between object-oriented languages@f][1

None of these frameworks is generic or open tonsib@ with language dependent features.
DML proposes a compromise between both approadhesjrawing inspiration from the
concept of weaving used in Aspect Oriented Progremgiil], or more simply from the C and
C++ macros. The main concept is to use a pseudpiaye such as O2XML so that the major
part of the code can be reused across differenilaiors, while supporting the possibility to
include language specific code snippets. This goniseillustrated in Figure 12, where generic
programming constructs are represented in XML, asel of libraries is abstracted and tied to



the specific implementations in several languagbs semi-generic language can also be used
to create custom types (i.e., classes, enumeratiotnéch become usable in the variables and
ports declarations.

<if>
<test>
<binaryExpr op="equality">
<lhs>
<var>phase</var>
</lhs>
<rhs>
<enumValue>
<enum>procPhase</enum>
<value>idle</value>
</enumValue>
</rhs>
</binaryExpr>
</test>
<then>
<codeSni ppet id="enqueue" queue="buffer" el enent="job" />
</then>
<[if>

<codeSni ppet id="enqueue">
<par anet er nane="queue" />
<par aneter nane="el enent" />
<i npl |ang="java">
queue. of fer (el ement);
</inpl >
<i npl |ang="c++">
queue. push(el enent);
</'i npl >
</ codeSni ppet >

if ( phase ==procPhase. idle )

queue .offer(element);

if ( phase == procPhase:: idle )

queue .push(element);

' {

Figure 12: Representation of model dynamics using semi-generic language

This approach has two advantages:

- It allows the use of programming language featareslibraries.

- It permits the representation of legacy modelstemifor a specific simulator.
By limiting the language-dependent code snippeta tminimum, the migration of models
between platforms becomes easier, and therebygbgability and reusability are enhanced.

4.2.1 Parameterization and initialization

The above description of DEVS models is not sudfitito produce an executable specification.
Indeed, models can have parameters, which need setprior to simulation, and their initial
state must be specified in some way.

Figure 13 depicts how a model, regarded as a teéeyptan be instantiated into several
parameterized models depending on the values askigneach parameter. After that, the state
must be initialized to obtain a ready-to-simulatedel. A simulator can then be fed with this



executable model, along with an input trajectorynéfed be, and produce the output of the
simulation.
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Figure 13: Parameterization and initialization of amodel

To perform these operations, two approaches arglpesiepending on the degree of freedom
required. The simplest is to restrict parameteaopaiand initialization to pairs of variable
identifiers and values. However, these operatiars sometimes be more complex than mere
assignments (e.g., for file manipulation or randoomber generation). Therefore, in DML
these two activities are described in a similahif@s as the model dynamics, using the source
code representation outlined in the previous pargyr

Consequently, the modeler needs to define two fomstfor each atomic model in the
hierarchy: one to set the parameters values, andttier one to initialize the state. Ideally, these
functions should be kept separate from the mod@hitien, so that it can be easily reused with
different scenarios.

In order to simulate a DEVS model, four specifioai are needed: structure, dynamics,
parameterization, and initialization. Given theggedifications and if required an input
trajectory, a simulator can then produce resufisasenting the model behavior.

4.2.2 Model behavior

The behavior of a model is normally fully represehby its output trajectory. However, it is

common to desire its state trajectory and, in tagecof coupled models, the behavior of its
components as well. These two aspects can be bleddoy sets of values annotated with a
timestamp. Figure 14 shows a sample state trajeadbbra coupled model, namely the

pipeSimpledefined in [12].

The XML schema for this representation of a trapctcan be deduced from the model
structure: each variable or port becomes an XMLaegepting a value in accordance with its
type. Another solution would be to have a vagiable with an attribute containing the name of
the variable.

In the case of variables of complex type, the valua given time can be obtained by serializing
the object from memory, as is done when exchandatg between web services. This supposes



providing an XML Schema describing the structurettoé object, for later use (e.g., in a
visualization tool). For custom types, this scheraa be deduced from the type definition made
in the model specification; for language dependgmes, the schema can often be automatically
generated from the source code.

<behaviorid= " pi peSi npl e">
<state>
<snapshot time= "0">
<component id= "p0" >
<phase>idle</phase>
<queue />
<sigma>infinity</sigma>
</component>
<!-- other components -->
</snapshot>
<snapshot time= "3">
<component id= "p0" >
<phase>busy</phase>
<queue>
<elem>jobl</elem>
</queue>
<sigma>10</sigma>
</component>
<l--and so on -->

Figure 14: Sample state trajectory

This XML representation of trajectories has theuable advantage that it can be easily
processed by a machine while remaining human réaddbwever, because of the potentially
huge size of data generated, it may be necessawitoh to a more compact representation,
such as the eXternal Data Representation stanld}d [

5 DCD++

Distributed CD++ (DCD++)Error! Reference source not found.Error! Referencesource
not found. supports simulation over SOA in two versions: FOased Web-serviderror!
Reference source not found14] and RESTful Web-servicekrror! Reference source not
found.Error! Reference source not found.Error! Reference source not found.. The Distributed
DEVS Simulation Protocol (described in Section s2)ased on SOAP DCD++ whereas RISE
(described in Section 5.1) is based on RESTful DEDBoth versions provide modelers with
the complete required cycle to run a simulationeeixpent. This includes submitting a model to
be simulated (i.e., usually partitioned over digigr machines) and retrieving simulation results.
Both versions decouple model representations framulation, hence different simulation
engines can collaborate in the same simulationThis. enables different model representations
to participate in the same simulation run, hentanéhg DEVS simulation engines to execute
legacy models and standardized model represengationthis section, we discuss the modeling
structure and partitions for both approaches fadidwy DEVS model behaviors.

5.1 RESTful Interoperability Simulation Environment (RISE)

RESTful Interoperability Simulation Environment &) provides lightweight thin middleware
based on RESTful Web-services. RISE is independérdany simulation environment and
provides interoperability at three levels. Firbi interoperability framework architecturevel

provides the URI templates API that allows model¢os create simulation/modeling
environment (including modeling configuration, distiting simulations, starting simulation
and retrieving results). Second, thedel interoperabilityevel provides XML rules for binding
different models together. Third, th@mulation synchronizatiodevel provides high-level



simulation algorithms and synchronization channéle first and third levels are discussed in
Chapter 18 whereas the second level is discusgbisiGection.

RISE Experiment framework is a URI created by thedeter (see URI templates API in
Chapter 18) to contain a domain, where a domaan ssnulation environment that contains a
model and simulation engine. RISE completely wrapdomain interior, hence simplifying
interoperability between heterogeneous domainsERI®deling interoperability level assumes
an entire model is placed in a domain, hence a toaiahis level can be viewed as a model
wrapped within a URI (e.g. .../myFireModel), as showrFigure 15. RISE treats all models
(domains) as black boxes with input and outputgdrt other words, each model views other
heterogeneous models as part of its environmerns \orth to note that a model (within a
domain) may be partitioned among different processsimulated by conservative/optimistic
algorithms according to DEVS/none-DEVS formalisnowver, at the RISE layer the model is
seen as a URI (which contains both the model aadithulation engine that simulates it).

Domain-1
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7y
P°”T1 Po%-Z Port-3 Po$-4
RISE Layer ,

/7
- i / L. Domain-3
Domain-2 . / A7
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Model-3
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Figure 15: RISE Domain Models Interconnections

Modelers need to configure the experiment framewoby sending XML configuration
documents via PUT channels to their URIs (e.g. ..FivBModel). This represents models
interconnections shown in Figure 15 in the XML doe&nt. Note that the model
interconnections map is converted into routingeatby simulation engines (see Chapter 18),
allowing them to route messages during simulaticcoading to the model URI and message
input port. Further, plug-and-play capability of &Hul Web-services takes this configuration
to another level. This plug-and-play level allowsdulers to overwrite model interconnection
during simulation runtime, allowing simulation engs to create routing tables. Thus, models
(without prior knowledge) may join or leave a siatidn session at runtime. In such a case, the
XML configuration is sent to the simulation engld®l (.../MyFireModel/simulation).

In Figure 15, Model-2 influences Model-1 via po2tsnd 3 of Model-2. Model-3 influences
both Model-1 and Model-2 via Port -1 of Model-3.ig mplies that the output ports of a model
can generate RISE external messages addressedeito ctinnected input ports during
simulation, thereby influencing the receiving madelote that Port-land Port-3, of Model-3
and Port-4 of Model-1 are not used by RISE. Themtspcan still be used by modelers, for
instance, to influence a model dynamically durintive simulation. Figure 16 shows the XML
configuration document for the example in Figure This document needs to be submitted to
each domain (typically constructed and submitteatlm®nt software). The RISE configuration
must be the enclosed element <RISE> body (whiattssta line 4 in Figure 16). The domains
are free to define their own specific configuratiomside the <RISE> block. Line #3 shows
RISE protocol version, and simulation type wheré type stands for Conservative-based and
“O” type for Optimistic-based simulation. Lines 2-8efine domains (models) configurations.
Line #5 defines the Main domain URI. The Main dom& needed during active simulation,



discussed in Chapter 18. Lines 6-31 define RISEsgaterconnections. For example, Lines 7-
12 define the connection from port #2 in URI <.../Dmm2> to port #1 in URI <.../Domain-
1>,

1 <ConfigFramework>

2

3 <RISE Version="1.0" Type="C">

4 <Domains>

5 <Main><URI>.../Domain-1</URI></Main>
6 <Links>

7 <Link>

8 <From><Port>Port-2</Port>
9 <URI>.../Domain-2</URI></From>
10 <TO><Port>Port-1</Port>

11 <URI>.../Domain-1</URI></TO>
12 </Link>

13 <Link>

14 <From><Port>Port-3</Port>
15 <URI>.../Domain-2</URI></From>
16 <TO><Port>Port-2</Port>

17 <URI>.../Domain-1</URI></TO>
18 </Link>

19 <Link>

20 <From><Port>Port-1</Port>
21 <URI>.../Domain-3</URI></From>
22 <TO><Port>Port-4</Port>

23 <URI>.../Domain-2</URI></TO>
24 </Link>

25 <Link>

26 <From><Port>Port-1</Port>
27 <URI>.../Domain-3</URI></From>
28 <TO><Port>Port-3</Port>

29 <URI>.../Domain-1</URI></TO>
30 </Link>

31 </Links>

32 </Domains>

33 </RISE>

34

35 </ConfigFramework>
Figure 16: RISE Model Domain Configuration

RISE is independent of any modeling representaiiasimulation engines. For example, CD++
uses RISE to simulate different distributed modetipons. In this case, the CD++ domain is
viewed as a single model that is executable by &+«&ngine. In the RESTful DCD+&rror!
Reference source not found.Error! Reference sourceot found.), the modeler partitions the
DEVS or Cell-DEVS model among different RISE insteas1 Note that the CD++ interior
domain is hidden behind a single URI, as discugsestiously, even though it is using other
RISE middleware instances to simulate its own damaddel partitions. RISE in this case is a
server with an IP address and port number, henS& Rl usually placed on a machine by itself.
However, multiple instances of RISE may be placedhe same machine by assigning different
port numbers, usually for testing purposes. Formpta, assume a modeler created experiment
framework <../cdpp/sim/ workspaces/Bob/DCDpp/Producer_ConsemefThe RISE server
then creates experimeRtoducer_ConsumeWorkspaceBob and servicddCDpp are created,

if they do not already exisDCDpp service indicates that the simulation is using DieD++
engine to execute the model. Assume further thatntibdeler wants to place atomic model
“Produceft on a server while atomic modeCbnsumeris placed on a different server. In this
case, the modeler needs to send the followingtjmenitig (Figure 17) to the experiment URI:
<DCDpp>

<Servers>



<Server IP="10.0.40.8" PORT="8080">
<MODEL>Producer</MODEL></Server>
<Server IP="10.0.40.9" PORT="8282">
<MODEL>Consumer</MODEL></Server>
</Servers>
</DCDpp>
Figure 17: RESTful DCD++ Model Partitions by a Modder

Though it is easier for a modeler to partition adelon terms of IP address and port number,
the simulation is conducted among URIs (which alawultiple users and experiments to be
performed simultaneously). Thus, the main servestrnanvert the modeler documents into the
format shown in Figure 18. In this case, the ma&rver assigns an ID to every server in the
distributed simulation where “0” is its own ID.flirther creates a name for each server (i.e., a
combination of the server IP and port number). Haisie is the server user account on all other
servers. This is needed because all messages dumngation are authenticated according to a
user name and password. Furthermore, it assignRlafdd each model partition. The model
partition at the main server is assigned the URkimd by the modeler while other server
partitions are assigned slightly modified URIs. St because the main server needs to create
experiment partitions on other supportive servemilar to other clients. This also ensures URI
unigueness on all servers, since supportive serweran experiment may be used as main
servers by other modelers for other experiments.

<DCDpp>
<Servers>
<Server ID="0" NAME="10_0_40_8_8080">
<URI>.../workspaces/Bob/DCDpp/Producer_Consumer</ URI>
<MODEL>Producer</MODEL></Server>
<Server ID="1" NAME="10_0_40_9_8282">
<URI>.../workspaces/10_0_40_8 8080/DCDpp/Producer _Consumer_Bob</URI>
<MODEL>Consumer</MODEL></Server>
</Servers>

</DCDpp>
Figure 18: RESTful DCD++ Model Partitions by the Man Server

5.2 Modeling using the Distributed DEVS Simulation Protocol

In [14], a flexible and scalable XML-based messagented mechanism was developed to
allow interoperability between different DEVS impientations based on the SOAP-based
DCD++ Error! Reference source not found.simulation package. This section focuses on the
modeling part while simulation synchronization esdribed in Chapter 18. The interoperability
is achievable with minimum design changes to eaEW® implementation, mainly by hiding
the detailed implementation behindwaapper (i.e., a SOAP port) and focusing only on the
exchanged XML messages. This method assumes thiation is conducted among different
domains where a domain contains a DEVS model (atthrengine capable of executing that
model). The model in this case represents a compéeisable feature that a modeler wants to
plug into an overall model hierarchy. The main idezhind modeling here is wrapping all
models across domains within a single DEVS couphediel, which can be simulated by the
main domain simulation engine while other domainky @imulate their portion of the overall
coupled model. For example, Coupled 1 and Couplede2wrapped within Coupled 0, as
shown in Figure 19. This information is describedhe Model structure XML document.
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Figure 19: Coupled model partitioned across DEVS Doains

The Model structure XML document (shownError! Reference source not found.) is initially
submitted by the modeler to the main DEVS domairdéscribe how the overall model is
structured so that each DEVS version can identhjctv models belong to its domain. Further,
from this document, the main domain can identifg fharticipant supportive domains. The
model structure document contains enough informat@ allow different domains to create
local models, coordinators (i.e., coupled modelcpssor), and simulators (i.e., atomic model
processor). It also includes data on how they keilite to other models in different domains.
The main DEVS domain must pass this document befastarts the simulation. The model
structure document contains the following inforroat{Error! Reference source not found.):
model names,

model type (coupled/atomic),

model input/output ports,

coupled models internal submodels and their pamsections,

models domain URIs, and

coupled models synchronization algorithms used.,(d¢tge Head/Proxy Coordinator
discussed in Chapter 18).

The DEVS models hierarchy can easily be mapped timo XML document. For example,
assume two models connected with each other agime=19 (two DEVS domains where each
model is specific to its domain implementation)this case, the two models would be enclosed
within an outer model (Coupled 0), resulting in XL document shown itError! Reference
source not found.. This XML document also serves as an agreemeritamdirbetween various
implementations on the used synchronization schefas example, the COUPLED_SYNC
keyword can be used to choose different coordina@hemes to simulate a distributed coupled
model across various domains. In this way, thedstahcan easily adopt any new schemes that
may appear in the future.

<MODEL_STRUCTURE ver="1.0">
<COUPLED_SYNC>
<scheme ver="1.0">HeadProxy</scheme>
</COUPLED_SYNC>
<Models>
<Model Type="Coupled™>
<Name> Coupled0 </Name>
<Components>
<Name Type="Coupled">Coupledl</Name>
<Name Type="Coupled">Coupled2</Name>
</Components>
<URI>http://... </URI>
<LINKS>
<LINK>
<FROM>
<Component>Coupled1</Component>
<Port>0UT1</Port>



</[FROM>
<TO>
<Component>Coupled2</Component>
<Port>IN2</Port>
</TO>
</LINK>

</LINKS>

</Model>
<Model Type="Coupled™>
<Name> Coupledl </Name>
<Ports>
<Port Type="in">IN1</Port>
<Port Type="out">OUT1</Port>
</Ports>
<URI>http://... </[URI>

</Model>
<Model Type="Coupled”>
<Name> Coupled2 </Name>
<Ports>
<Port Type="in">IN2</Port>
<Port Type="out">0OUT2</Port>
</Ports>
<URI>http://... </[URI>

<ﬁ\)|odel>
</Models>

</MODEL_STRUCTURE>
Figure 20: XML Model Structure Document Example

A given domain can use any model representatiomcesieach domain should contain a
simulation engine capable of executing that modetifon. For example, the SOAP-based
DCD++ Error! Reference source not found.partitions a model among different machines
where each machine is wrapped within a SOAP pogure 21 shows an example of such
partition. Lines 2-11 list all machines participafiin the distributed simulation. Each machine
has a rank (i.e., id) and a SOAP-port URI. Linesl®2describe the model partitions. In this
example, a 30x30 Cell-DEVS fire coupled model (ieach cell is an atomic model) is split
between two machines.

1 <Grid>

2 <MACHINES>

3 <MACHINE>

4 <MACHINE_RANK>0</MACHINE_RANK>

5 <MACHINE_URI>http:// . .. ICDppPortType</MACHINE_URI>
6 </MACHINE>

7 <MACHINE>

8 <MACHINE_RANK>1</MACHINE_RANK>

9 <MACHINE_URI> http:// . . . ICDppPortType</MACHINE_URI>

10 </MACHINE>
11 </MACHINES>
12 <MODEL_PARTITIONS>
13 <PARTITION machine="0">
14 <ZONE>fire(0,0)..(14,29)</ZONE>
15 </PARTITION>
16 <PARTITION machine="1">
17 <ZONE>fire(15,0)..(29,29)</ZONE>
18 </PARTITION>
19 </MODEL_PARTITIONS>
20 </Grid>
Figure 21: SOAP-based DCD++ Cell-DEVS Model Partitining



5.3 CD++ DEVS Model Structure and Behavior

CD++ DEVS modeling behavior is the same for bothAS@rsions. This is mainly because
DCD++ separates SOA (RESTful or SOAP Web-servitresh the actual modeling/simulation

environment. This separation allows CD++ to be giae to other platforms other than SOA
and to keep the door open for algorithms optimiraind other improvement. In other words,
separation between simulation environment and Véebiees allows both parts to evolve
independently with less complexity.

CD++ represents its coupled models in textual farbyaconnecting ports of models together
similar to what has been discussed so far. Theledupodel representation is parsed and its
information is loaded into a coordinator wheresisimulated. For example, Figure 22 shows a
CD++ coupled model for a barbershop. In this examfibp” coupled model is defined in lines
2-27. Lines 4-7 lists the models enclosed in thogp™tcoupled model. In this case, Line #5
shows an atomic model instance named “receptiofihel® in C++ class “Reception”. This
allows more instances of an atomic model to be udetceded. Line #6 declares a coupled
model named “Barber” and its definition should colater. Lines 8-13 define “top” model
input/output ports. Lines 14-25 define port conioers for the “top” model. For instance, Lines
15-23 define a connection from input port “newcustthe “top” model to port “newcust” of
the “reception” atomic model. Lines 29-32 define tBarber” coupled model in a similar way
to the “top” model. Lines 33-39 initialize certaialues for the “reception” atomic model.

1 <Models>

2 <Model Type="Coupled”>

3  <Name>top</Name>

4  <Components>

5 <Name Type="Atomic” Class="Reception">rec eption</Name>
6 <Name Type="Coupled”>Barber</Name>

7  </Components>

8 <Ports>

9 <Port Type="in">newcust</Port>

10 <Port Type="in">next</Port>

11 <Port Type="out">cust</Port>

12 <Port Type="out">finished</Port>
13 </Ports>

14 <LINKS>

15 <LINK>

16 <FROM>

17 <Port>newcust</Port>
18 </FROM>

19 <TO>

20 <Component>reception</Component>
21 <Port>newcust</Port>
22 </TO>

23 </LINK>

24

25 </LINKS>

26 ...

27 </Model>

28

29 <Model Type="Coupled">
30 <Name>Barber</Name>

32 </Model>

33 <Model Type="Atomic">

34 <Name>reception</Name>
35 <Parameter>



36 <Name>numberofChairs</Name><Value>3</Valu e>
37 </Parameter>
38 ...
39 </Model>
40 </Models>
Figure 22: CD++ Coupled Model Example

The CD++ provides a template for modelers wherg tteed to overwrite four C++ methods, as
shown in Figure 23. Methods initFunction, externgigtion, internalFunction, and
outputFunction are wrappers to initialize modelcifie values, handle a message from a port,
handle an internal transition, and generate outpaspectively. The new atomic model is then
inherited from the shown Atomic class in Figure Ziring simulation, those methods are
invoked by the atomic model “simulator” accordinghe DEVS formalism.

Model

Atomic

state

Mode! & inifFunction()

Model & externalFunction{const Externalblessage & )
Maode! & infernalFunclion{const infermalMessane & msg)
Mode! & outputFunclionfcanst Collectiessage & )

Figure 23: CD++ Atomic Model Template

6 CoSMoS

The design of CoSMoS is based on the separatiomadel specification and simulator
protocol. This partitioning was used to develop tmacept of theShared Abstract Model

(which will be fully discussed in the following gbi@r). The concept of interoperability,
however, cannot be completely divorced from mogelc#ication. One simulation engine can
correctly execute a model that is developed forttarosimulation engine if and only if both
simulation engines adhere to the same mathematealification. The implication is to have a
syntactical standard for model specification ttaiforms to the mathematical specification.

Model specification should consist of (i) visualngx, (i) database syntax, and (iii)

programming syntax. To achieve this objective, tbemponent-based System Modeling
(CoSMo) framework has been developed [15][16][T8je CoSMo has a unified framework

that supports logical, visual, and database pergisnodeling. It is aimed at discrete-event,
discrete-time, continuous-time, and cellular autmrepecifications. The goal is to provide a
mechanism for visual model development, and forirggological models in databases, while
also providing support and management facilities developing a family of interrelated

models. Such capabilities are useful for individuaérs and crucial for teams of users, for
example for purposes of software/hardware co-dg4digh

The top down concept of CoSMo has a visual syntaXdgical models, which serves as the
basis for storing logical specification of modeisaiternative database and flat files. Given the
stored logical models, they can be translated fierdint programming languages for different
target simulation engines. Other approaches todpegability are generally defined in terms of
programming syntax such as C++, Java, and XML—siathration is based on the traditional
software engineering concepts and techniques. ¥amgle, simulation tools such as DEVS-
Suite render a visual representation of models fimplemented code that persist in flat files.



In CoSMo, visual and database persistence of modets proposed to be integral to
standardization.

The CoSMo environment supports developing Par@®EVS models and generating partial
code for execution using DEVS-Suite. For coupledVBEnodels, it generates complete code.
For atomic models, it generates partial code. ar transition, output, and time advance
functions only template code is generated. Othanslators can be developed in a
straightforward manner for other simulators suchA&EVS. As shown in Figure 24, the
separation of a modeling engine and a simulatioginen has important implications for
standardization particularly when standardizatenat at the level of XML [15] and DEVSML
[19], or high-level programming languages such agalJIn effect, the CoSMo Simulator
environment (called CoSMoS) is built from CoSMo ab&VS-Suite. Users can develop
models using well-formed visual syntax that in tatlows generating “standardized” models
stored in relational databases which in turn candes to generate XML-based and high-level
programming code. Standardization, from the petspgeof the CoSMoS framework, enhances
visual model development, model management viabdsts as well as reducing errors in
programming code.

CoSMoSl DEVS-Suite l
S

Simulator

Figure 24: separation of a modeling engine and arsulation engine

The underlying concept of CoSMoS can enable inenadglity among multiple simulation
engines. The CoSMoS architecture and realizatigpats adding translators as plug-ins. The
CoSMoS framework also aids in supporting interofpegasimulators given current and new
generations of middleware technologies such ascgeoriented computing. As a result, the
XML Schema translator developed for CoSMo can ledus support SOA-based distributed
simulation. For example, the DEVS/SOA environmelfl][can be a target simulation engine
and thus writing models at the level of DEVSML, oren visually develop models that are
logically correct with respect to the parallel DEV®rmalism. Therefore, users can
automatically generate code for atomic and couphedlels given target simulation engines.
The structures of the atomic and coupled modeigedisas their relationships are formulated as
a set of tables and relations in a relational detabThe axioms of CoSMo also provide a set of
rules for creating a family of models such that position and specialization relationships
among different model designs do not conflict vadtte another.

The visual, and programming elements for DEVS nratitecal specifications, and the support
repositories, must account for the behaviors omatand coupled models. A key obstacle to



achieving this goal is the lack of visual notatifum atomic models. Different authors have
proposed and used variations of the Statechansal®m to represent states and functions of
atomic models. The visual statechart elementsegtdtinction, and transitions) are adapted
such that internal, external, and output functicas be distinguished (solid, small dashed, and
large dashed lines are used). In other work [20@jptation that is also derived from Statecharts
is developed for specifying the conditionals andtidguishing between transition functions
with at=0 and ta>0. From the perspective of makdig)/S accessible to a broader community
of users, the UML visual notation is proposed fadeling the behavior of atomic models [21].
In this work, the developed DEVS/UML models areated using a parallel DEVS simulation
engine. Unfortunately, developing a simple visuatation suitable for complete behavior
specification of atomic model remains challengimgce Java and other such programming
languages allow arbitrary logic and, compared su&i notation, can capture complete details
of a model dynamics. Therefore, existing notatiand tools can only support generating partial
and complete source code for atomic models. TheMdo®odeling engine can be extended
once a standardized visual notation for atomic risbdecomes available. The extension of the
relational database and model translators to tam@eramming code will be straightforward.

Finally, it is noted that although use of generiodaling formalisms is important, it is equally
important to provide users with user-friendly, f@tmally grounded, capabilities for developing
simulation models. In DEVS, as in other generalppse M&S approaches, domain knowledge
must be incorporated into the generic atomic angleal model specifications. It is only then
that the model dynamics of a system can be sindilatel evaluated. For certain application
domains, such as electrical systems, visual notgtiad thus programming code templates) are
available. However, for other application domaisach as biological and social-ecological
systems, universal agreements do not exist. Nolesthestandardization for the generic atomic
and coupled DEVS models is highly important andawidedly necessary toward developing
domain-specific standards and more generally emgldi new kind of model verification and
simulation validation.

7 SUMMARY

This chapter has focused on various methods feordatdizing DEVS model representations,
which is necessary to enable platform-independddY® models to interoperate with each
other. The concept relies on defining a genericesmtation that other tools can use to
understand how a model is created, which allowaris of existing models. Most of the

examples in this chapter are based on XML desonptithat can be transformed and
manipulated to achieve interoperability.

We showed how DEVSML (an XML notation built on JAWA) can be used to transform
different compatible DEVS platforms. DEVS coupleddgls are built using Document Type
Definitions, and the atomic models are transforrimtd a combination of JavaML code with
special tags.

DEVS/SOA includes a model library and a simulatimnary (implemented in Java and .Net).
Interoperability is achieved by using standardiXédL for message passing, and the ability to
publish simulators, atomic, and coupled models &s services.

DML, the DEVS Markup Language, standardizes the BBEYiodel representation using an
XML representation of specific languages (e.g., aBdly), and provides the common
denominator of most object-oriented languages oleioto allow the use of the features of
language libraries. Modelers can use their favgrnittgramming language, which is interpreted
by a simulation proxy.



DCD++ supports simulation on SOAP-based or RESMgb Services (also called the
Distributed DEVS Simulation Protocol, DDSP, and RESTful Interoperability Simulation
Environment, RISE). In both cases, different siriataengines can interoperate to execute a
complete simulation. DDSP introduces an XML-basedirenment to interoperate different
DEVS implementations, using SOAP-based messageSE Rirovides an interoperability
framework (and APl based on URIs so the modelers @aate models, simulations, and
experiments), a model interoperability layer (pddwg XML rules to combine different models
together, and simulation synchronization algorithms

Finally, CoSMoS provides a visual syntax, a prograng syntax, and a database syntax that
allow the models to be visually created, to beestdn a persistent data store, and overall make
implementation and interoperability of componenésye CoSMoS supports the creation of

models and generates code that can (partiallyxéeuted on the DEVS-Suite environment.

These different efforts show the varied possiladitin achieving model interoperability, sharing,
and reuse, based on a DEVS-based methodology.
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