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Figure 11. DEVS SysML to DEVS transformation.
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INTERNAL_TRANSITION_FUNCTION  element, a
STATE_VARIABLE_UPDATES element is also added to
indicate state variable modification, as indicated by DEVS
Var Modification Action associated to the Transition. In
the case of Processor system (Figure 7) the state variable
Job, of type integer, is decreased by 1.

6. DEVS Code Generation and Execution

According to the DEVSys framework (Figure 1) and given
that a DEVS PIM is generated, as described in previous
sections, its transformation to an executable DEVS PSM
is the last step of the process. This is feasible, since all
necessary information for the DEVS PSM construction is
included in the DEVS PIM. To generate a platform-
specific DEVS representation, a specific DEVS simulation
environment must be selected, so that the proper transfor-
mation from DEVS models to the appropriate target for-
mat (XML, Java code, etc.) may be defined. The XLSC
DEVS platform was selected as the simulation environ-
ment,”® mainly due to the fact that it supports an XML
representation of the DEVS model to be simulated. The
DEVS PIM model (in XMI format) is syntactically trans-
formed to XLSC XML by an XSLT transformation. Since
the two formats have rather simple syntactical differences,
the XLSC XML file is constructed with the help of a set
of XSLT templates that match DEVS XMI elements, from
which the required values are retrieved and placed in the
XLSC elements. Figure 12 illustrates DEVS meta-model,
the general structure of XLSC XML, and the main steps
of the transformation between them.

The defined XSLT transformations are rather simple.
Details on them are provided in Appendix B. Generally,
DEVS model elements are transformed to the respective
XLSC elements. However, one should note that:

e In XLSC, there is no definition of the state set.
Only state variables are defined.

e In XLSC, all DEVS atomic functions (internal tran-
sition, output, time advance and external transition)
are defined in a low level, procedural manner.
Thus, they are not further analyzed in the figure. In
our XSLT transformation, we basically build the
procedural XLSC elements that implement the
behavior declared in the respective DEVS model
elements.

e Coupling is represented in a simpler and flat way in
XLSC. Couplings are not distinguished as internal
or external (input and output). For each coupling, a
source (component, port) and a target (component,
port) are specified. When the source or target com-
ponent is a DEVS coupled model, then the compo-
nent attribute is set to ‘‘this’’. Otherwise, the name
of the (component) DEVS model is used.

As an example, the XLSC equivalent of the processor
output function (Code Listing 1) is presented in Code
Listing 2. It is generated as the result of DEVS-to-XLSC
transformation on the DEVS XMI representation of the
output function.

<outputFunction>
<action>
<if>
<condition>
<equal>
<retrieve state="phase"/>
<string>busy</string>
</equal>
</condition>
<then>
<output port="out" variable="item nr">
<retrieve state="job"/>
</output>
<send message="Item" port="out"/>
</then>
</if>
</action>
</outputFunction>

Code Listing 2. Processor output function in XLSC XML.

The generated XLSC code is passed to the XLSC inter-
pretation environment that dynamically creates DEVSJava
classes for the atomic and coupled DEVS models. The
simulation model can be executed in DEVSJava simula-
tion environments. Figure 13 shows the execution of the
EFP model in the SimView DEVSJava component.

As reported by Kapos et al.,** a varied version of the
framework that supports existing simulation library com-
ponents has been tested with more complex scenarios of
Enterprise Information System configurations.

7. Conclusions and future work

Generating simulation code in an automated fashion for
system models defined in SysML, may enhance system
design validation. In this paper, an integrated framework
called DEVSys was discussed that enables the transforma-
tion of system models defined in SysML to DEVS execu-
table models in a fully automated manner. To do so, the
properties of SysML system models are enriched with
simulation specific capabilities, in order to generate execu-
table simulation models, based on the DEVS formalism.
The proposed framework was tested to provide automated
generation of DEVS executable code for the XLSC DEVS
simulator. Each step was defined, implemented and
applied as well. Moreover, MDA concepts have been
widely adopted, rendering DEVSys an open, standards-
based and extensible framework. Hence, it may be further
applied using a variety of UML modeling tools and/or
DEVS simulation environments.
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Figure 12. DEVS to XLSC transformation.

QVT with OCL were successfully employed to trans-
form SysML models to DEVS models represented in XMI,
based on the DEVS MOF meta-model. This meta-model
enables the transformation of DEVS models to executable
DEVS XLSC simulation code and, also, serves as the basis
for creation of DEVS PIMs that can be used by any

standard model transformation tool supporting QVT. This
way, generation of DEVS simulation models from system
models defined in any standard modeling language is
enabled. A simple example demonstrating the current ver-
sion of the framework’s implementation can be found at
http://galaxy.hua.gr/~gdkapos/DEVS_SysML_en.htm.
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Figure 13. EFP simulation execution in DEVS]ava.

Future work involves (a) applying the proposed frame-
work and related tools in a variety of real-world cases, (b)
combining the capability of the framework to define beha-
vioral aspects with selective use of existing, executable
simulation components, when they are available, (c) inte-
grating additional DEVS simulators in the framework, and
(d) providing additional capabilities within the DEVS pro-
file to enable the system engineer to integrate simulation
results within the SysML system model.
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Appendix. Meta-model definitions and
transformations

A. Transforming SysML to DEVS models with QVT

The transformation from SysML to DEVS models is an
important element of the proposed framework. In order to
provide an implementation perspective, the part of the
QVT transformation that identifies SysML block state tran-
sitions and creates the corresponding DEVS component
behavioural characteristics is presented in Code Listing 3.

top relation SysmlModel2DevsModel f{
checkonly domain devsSysml ms :
enforce domain devs mx :
where {

}

relation Transitions2ConditionalFunctions
ns, nt @ String;

b : Sequence (String) ;
checkonly domain devsSysml r :
transition = tr @ uml:
source = s
target = t
effect = e

1

enforce domain devs itf :

1
when {

not (tr.source. name

where {

}
}
relation StringSequence2StateVarUpdate {
checkonly domain devsSysml b :
enforce domain devs svus :

VALUE = v :

transformation devsSysml2devsMM (devsSysml:uml, devs:Devs) f{

uml : :Model {};
Devs::MODEL {};

CoupledBlock2DevsCoupled (ms, mx) ;
AtomicBlock2DevsAtomic (ms, mx) ;

uml::Region {
:Transition {
uml @ :Vertex {
uml @ :Vertex
: uml: :FunctionBehavior { _body = b }

Devs::T_Internal_Transition_Function {
CONDITIONAL_FUNCTION = cf
STATE_CONDITION = sc :
TRANSITION_FUNCTION = tf :
NEW_STATE = nst :
STATE_VARTABLE_UPDATES =

tr. getAppliedStereotype (" DEVS_SysML: :DEVS State Transition’)->notEmpty();

b—>first().split( emd:’)->select (x|x. startsWith (’ stateVarUpdate’))—>
forAll (y|StringSequence2StateVarUpdate (y, svus)) ;

String { };

Devs::T_State Variable_Updates f{

STATE_VARIABLE_UPDATE = svu :
name = b. substring (b. indexOf " (" )+2, b. index0f(,”)),

Devs::T Value {}

name = ns J,
{ name = nt },

: Devs::T_Conditional Function {

Devs: :PCDATA { text = ns },
Devs::T_Transition_Function {
Devs: :PCDATA { text = nt },

svus : Devs::T_State_Variable_ Updates {}

Devs::T_State Variable_Update {
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s
where {
value (b. substring (b. index0f (", ) +2, b. lastIndex0f (")’ )), v)

}
relation Transitions2ConditionalQOutputFunctions {
ns ! String;
b : Sequence(String)
checkonly domain devsSysml r : uml::Region {
transition = tr : uml::Transition {
source = s : uml::Vertex { name = ns },
effect = e : uml::FunctionBehavior { _body =b }

}s
enforce domain devs of : Devs::T_Output_Function f{
CONDITIONAL_OUTPUT_FUNCTION = cof : Devs::T_Conditional_Output_Function f{
state = ns,
PORT_OUTPUTS = po : Devs::T_Port_Outputs {}

}
s
when {
tr. getAppliedStereotype ( DEVS_SysML: :DEVS State Transition’)—>notEmpty();
b->first (). indexOf ( emd:output’) > -1;
t
where {
b->first().split(C emd:’)->select (x|x. startsWith C output’))->
forAll (y|StringSequence2PortOutputs (v, po)) ;
t

}
relation StringSequence2PortOutputs {
checkonly domain devsSysml b : String { };
enforce domain devs po : Devs::T Port_Outputs {
SEND = s : Devs::T_Send {
port = b. substring (b. indexOf C (" )+2, b. index0f (", )),
VALUE = v : Devs::T Value {}

s
where { value(b. substring(b. indexOf (",”)+2, b. lastIndexOf ()’ )),v); }
}
relation Transitions2ConditionalTimeAdvances {
ns, tav : String;
checkonly domain devsSysml r : uml::Region {
transition = tr : uml::Transition {
source = s : uml::Vertex { name = ns },
guard = g : uml::Constraint {
specification = sp : uml::DurationInterval f{
min = m : uml::Duration f{
expr = e : uml::LiteralString { value = tav }

s
enforce domain devs taf : Devs::T_Time_Advance_Function {
CONDITIONAL_TIME_ADVANCE = cta : Devs::T_Conditional_Time_Advance {
STATE_CONDITION = sc : Devs::PCDATA { text = ns },
TIME_ADVANCE = ta : Devs::T_Time_Advance f{
VALUE = v : Devs::T_Value {}
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where { value(tav,v); }

}
ns @ String;
checkonly domain devsSysml r : uml:
subvertex = sv :
}s
enforce domain devs taf : Devs::T_T
CONDITTONAL_TIME_ADVANCE
STATE_CONDITION
TIME_ADVANCE = ta

sv. getOutgoings () —>isEmpty

}

when { tr.getAppliedStereotype (" DEVS_SysML::DEVS State Transition’)->notEmpty(); }

relation NoTransitions2InfiniteConditionalTimeAdvances {

uml::Vertex { name = ns }

VALUE = ev : Devs::T_Value {
type = "Real’,
value = " Infinity

sv. getAppliedStereotype ( DEVS_SysML: :DEVS State’ )—>notEmpty () ;

‘Region {

ime_Advance_Function {
cta : Devs::T_Conditional_Time_Advance {
: Devs::PCDATA { text = ns },

: Devs::T_Time_Advance {

sc

0

Code Listing 3. DEVS conditional functions transformation with QVT.

In relational QVT, a transformation between two
domains is defined through a set of relations that map enti-
ties of one domain to entities of the other. The transforma-
tion is initiated by the application of top relations, which
usually reference other relations. The two domains
(devsSysml and devs) are declared and characterized.
devsSysml is marked as checkonly, since it is the source
domain and does not need to be updated to satisfy condi-
tions declared in the relation. On the other hand, domain
devs is characterized as enforce, as this is the target
domain that needs to be constructed according to the con-
ditions stated in the relation. The relation must be enforced
in this case. Regarding the transformation of state transi-
tions of SysML blocks’ state machine diagrams, six rela-
tions are used. Transitions2ConditionalFunctions creates
DEVS Atomic Internal Transition Function, while
StringSequence2StateVarUpdate handles the appropriate
state variable modification specification. Transitions2
Conditional OutputFunctions defines DEVS Atomic Output
Function with the aid of StringSequence2PortOutputs.
Transitions2ConditionalTimeAdvances ~ defines DEVS
Atomic Time Advance function for states that will be cur-
rent for finite amounts of time, while NoTransitions2
InfiniteConditionalTimeAdvances identifies states without
outgoing transitions.

Transitions2Conditional OutputFunctions is described in
more detail in the following. Precisely, this relation identifies
DEVS Internal Transitions, their Origin states and DEVS
Outputs, and maps them to the corresponding
CONDITIONAL_OUTPUT _FUNCTION, SEND and

VALUE elements. For each domain, the elements of interest
are declared: framsition with its source and effect for
devsSysml, and CONDITIONAL_OUTPUT FUNCTION
with its STATE _CONDITION for devsXml. Variables are
used to match values between the domains, e.g. ns variable
is used to match tramsition.source.name  with
CONDITIONAL_OUTPUT _FUNCTION.STATE_CONDITI-
ON.text. The when clause of a relation defines the precondi-
tions that must be met for this relation to be applied. The
clause may contain other relation invocations or OCL
expressions. In this example, # (the transition) must have the
stereotype DEVS State Tranmsition. This means that a
CONDITIONAL_OUTPUT _FUNCTION element will be
created only for each transition that is stereotyped as DEVS
State Transition. The where clause of a relation defines the
expressions (possibly with other relations) that should be
applied after this relation is applied and the domain elements
are created. The relation StringSequence2Output parses the
output command y and creates the appropriate elements
under the sc state condition element. In this case, an OCL
expression results in multiple invocations of a relation. The
first element of the string sequence b is splinted in all its sub-
strings that are delimited by the ’cmd:’ string, resulting is a
list of all commands. From those, only the ones starting with
the string "output’ (only output commands) are selected.

Medini tool has been used for both the definition of the
DEVS meta-model and the definition and execution of the
QVT transformation from SysML models to DEVS mod-
els. In Figure 14, the Medini GUI for creating and viewing
MOF meta-models is illustrated.
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5

b devsSysml2devsMM.qvt | efpxmi

4 [ DEVS
» 5 MODEL_NAME : T_Model_Name
p * INPUTS: T_Inputs
b 5 OUTPUTS: T_Outputs
» EH T_Model_Name -> PCDATA
»> B Tnputs
> B T_Outputs
> B T_Port_Spec
» B T_Port_Signal_Spec
» E PCDATA
4| [F DEVS_ATOMIC -> DEVS|
p G STATES: T_States
» 5 INTERNAL_TRANSITION_FUNCTION : T_Internal_Transition_Function
» 5 OUTPUT_FUNCTION : T_Output_Function
> TIME_ADVANCE_FUNCTION : T_Time_Advance_Function
» 5 EXTERNAL_TRANSITION_FUNCTION : T_External_Transition_Function
4 [ T_States
p G STATE_SET : T_State_Set
> G* STATE_VARIABLES : T_State_Variables_Spec
4 [ T_State_Set
p & STATE_SET_NAME : PCDATA
G STATE_SET_VALUES: T_State_Set_Values
p [ T_State_Set_Values
p [ T_State_Set_Value -> PCDATA
p B T_Condition
p [ T_State_Variables_Spec
» [ T_State_Variable_Spec
4 [ T_Internal_Transition_Function
5 CONDITIONAL_FUNCTION : T_Conditional_Function
a4 [ T_Conditional_Function
b G STATE_CONDITION : PCDATA
> 5* TRANSITION_FUNCTION : T_Transition_Function
p_H T Transition Function

Figure 14. DEVS MOF meta-model definition within Medini tool in terms of MOF elements.

<?xml version="1.0" encoding="UTF-8" 7>
<{xsl:stylesheet version="2.0"
exclude-result—prefixes="xs xdt err fn xmi DevsXml”
xmlns:xsl="http://www. w3. org/1999/XSL/Transform”
xmlns:xs="http://www. w3. org/2001/XMLSchema”
xmlns:fn="http://www. w3. org/2005/xpath-functions”
xmlns:xdt="http://www. w3. org/2005/xpath-datatypes”
xmlns:err="http://www. w3. org/2005/xqt-errors”
xmlns:xmi="http://www. omg. org/XMI”
xmlns:DevsXml="urn:DevsXml. ecore”>
<xsl:output method="xml” indent="yes”/>
<xsl:template match="/xmi:XMI">
<model>
<{xsl:apply—templates/>
<{/model>
<{/xsl:template>

<xsl:template match="INTERNAL_TRANSITION_FUNCTION”>
{internalTransitionFunction>
{action>
<{xsl:for-each select="CONDITIONAL_FUNCTION">
<G>
{condition>
<equal>
{retrieve state="phase”/>
{string>
{xsl:value-of select="STATE CONDITION/@text”/>
{/string>
</equal>
{/condition>
<{then>
<update state="phase”>
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{string>
{xsl:value—of select="TRANSITION_FUNCTION/NEW_STATE/@text”/>
{/string>
<{/update>
{xsl:for-each
select="TRANSITION_FUNCTION/STATE_VARIABLE_UPDATES/STATE_VARIABLE_UPDATE”>
{update>
{xsl:attribute name="state”>
{xsl:value—of select="@name”/>
{/xsl:attribute>
{(xsl:call-template name="expression”/>
<{/update>
{/xsl:for-each>
<{/then>
/it
{/xsl:for-each>
<update state="phase_changed”>
{integer>1</integer>
{/update>
{/action>
</internalTransitionFunction>
{/xsl:template>
<{xsl:template match="TIME_ADVANCE_FUNCTION”>
{timeAdvanceFunction>
{action>
G
<{condition>
<equal>
{retrieve state="phase_changed”/>
{integer>1<{/integer>
<{/equal>
</condition>
{then>
<xsl:for—each select="CONDITIONAL_TIME_ADVANCE”>
G
<{condition>
<equal>
{retrieve state="phase”/>
{string>
<(xsl:value—of select="STATE_CONDITION/@text”/>
{/string>
{/equal>
{/condition>
<{then>
<(update state="sigma”>
{xsl:for—each select="TIME_ADVANCE”>
{xsl:call-template name="expression”/>
{/xsl:for-each>
{/update>
</then>
/if>
{/xsl:for-each>
<update state="phase_changed”>
{integer>0</integer>
{/update>
</then>
/it
{/action>
<{/timeAdvanceFunction>
{/xsl:template>
<{xsl:template match="OUTPUT_FUNCTION”>
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<outputFunction>
{action>

G
{condition>
<{equal>
{retrieve state="phase”/>
{string>

{/string>
{/equal>
{/condition>
{then>

{output>

{/xsl:attribute>
{/xsl:attribute>

<{/output>
{send message="Item”>

{/send>
{/xsl:for-each>
</then>
/it
{/xsl:for-each>
{/action>
<{/outputFunction>
{/xsl:template>
{/xsl:stylesheet>

{xsl:for-each select="CONDITIONAL_OUTPUT_FUNCTION">

{xsl:value-of select="@state”/>

{xsl:for-each select="PORT_OUTPUTS/SEND">

{xsl:attribute name="port”>
<{xsl:value-of select="@port”/>

{xsl:attribute name="variable”>v_<{xsl:value—of select="@port”/>

{xsl:call-template name="expression”/>

{xsl:attribute name="port”><xsl:value—of select="@port”/></xsl:attribute>

Code Listing 4. DEVS internal, time advance, and output functions transformation with XSLT.

Figure 15 illustrates the QVT editor of the Medini tool.
As shown in the left part of the figure, DEVS_MM.ecore
is the file containing the definition of DEVS MOF meta-
model. The UML2 meta-model is integrated in the tool.
Medini allows relational QVT transformation execution
and debugging.

B. Creating XLSC executable models from DEVS
models with XSLT

In order to be able to execute DEVS models in XMI for-
mat, they should be transformed to an executable format
(XLSC documents in this case). XSLT -the de facto stan-
dard for syntactic transformations of XML documents with
different formats- was used for this purpose. In the same
context as in Appendix A, the XSLT templates transform-
ing DEVS Internal Transition, Time Advance and Output
Functions to the respective XLSC elements are listed in
Code Listing 4.

The XSLT transformation was defined using EditX tool
that provides XSLT execution capabilities and is freely

available. A screenshot of the tool is provided in
Figure 16. It depicts the simple transformation template
that matches STATE VARIABLES elements of DEVS
models to StatePart elements of XLSC XML documents.
As shown in Figure 16, the defined xs/ elements, con-
trol how the transformation is performed, while simple ele-
ments are the skeleton of the result of the transformation,
which is formed and enriched by the xsl command ele-
ments. For example, the first element (xsl:template) indi-
cates that all commands contained in it should be executed
for every STATE_VARIABLES element found in the con-
text of this template. The second element (xsl:for-each)
indicates that all the commands contained in it should be
executed for every STATE VARIABLE element con-
tained exactly under the VARIABLES element found in
the previous line. The state element that follows will be
added to the output for each STATE_VARIABLE ele-
ment. The following xsl:attribute commands attach two
attributes (name and type) at the state element. The value
of the first one (name) will be the same as the value of the
name attribute of the source STATE _VARIABLE ele-
ment. The value of the other attribute (type) emerges by
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e %
¥ & DevsSysmi2DevsMM
¥ @ metamodel
* &) DEVS_MM.ecore
Yequ

» @& source
*> @& target
* @& traces
> & Eis2DevsMM
W Shapes-Tutorial
& UML2 Examples
» & UML2RDBMS

oprojectBxploren i, ™ O &) evs.mmecore

@ devsSysmi2devsMM.qvt

B> O Q-

£ % Debug

S v

© devsSysml2devsMM.qwvt 2 -
1 transformation y y
top relation SysmlModel2DevsModel {
checkonly domain devsSysml ms :
enforce domain devs mx :
where (
CoupledBlock2DevsCoupled(ms ,mx) ;
AtomicBlock2DevsAtomic(ms ,mx);

2 efp.xmi
iuml, devs:Devs) {

-

uml: :Model ():
Devs: :MODEL {):

}
»

-~ DEVS generic (atomic and coupled) attributes
relation Block2Devs {
n : String;
checkonly domain devsSysml s :
name = n

uml::Class {

»:
enforce domain devs x : Devs::DEVS {
MODEL_NAME = mn : Devs::T_Model Name {
text = n
)

n'cnns = ips : Devs::T_Inputs { ),

-

82 Outline 2

» Transformation devsSysmi2dev

OUTPUTS = ops : Devs::T_Outputs { )
= }:
where {
FlowInPorts2DevsInPorts(s,ips):
FlowOutPorts2DevsOutPorts(s,ops);
»
¥

relation FlowInPorts2DevsInPorts {
checkonly domain devsSysml s : uml::Class {
ownedPort = ips : uml::Port { )

b
enforce domain devs x :
INPUT = ix :

Devs: :T_Inputs {
Devs::T_Port_Spec { )
}:

Oitems selected

e @D @

Figure 15. UML2 to DEVS MOF transformation with Medini.

XSLTXQuery FQ DocBook Template View Options Help

ERCEID

[a]+]8]a] [B]>]e[<] (= (@3] [#] [«]=]

lstyleshegt template for-each lproperty |
=xsl:template match="STATE_VARIABLES"> =
<xslfor-each select="STATE_VARIABLE">
=state>
=yslattribute name="name">
<xslvalue-of select="@name"/>
<fxslattribute>
=yslattribute name="type">
<xsl:.choose>
=xslwhen test="@lype = 'String">string<ixsl:when>
=<xslwhen test="@type = 'Integer”>integer<ixslwhen>
<xslwhen test="@type = 'Real">double<ixsl:when>
=fxsl:choose>
<ixsl.attribute>
<xsl:call-template name="expression"f>
</state>
<ixsl.for-each>
<ixsltemplate> -
A D
[ ETE [Blifor-each[1}/property[1] ] I! g |Num|

Figure 16. DEVS XMl to XLSC transformation with EditX.

properly transforming the value of the type attribute of the
source STATE_VARIABLE element, as indicated by the
xsl:choose and xsl:when elements. Finally, the expression

transform it to the appropriate state value.
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template is invoked (xsl:call-template), so as to find the
initial value of the STATE_VARIABLE element and
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