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M&S Framework formulated within UML

classes
construction
mechanisms

relationships
constraints

M&S Framework classes

—)

create classes to
satisfy use cases

Contlog

Use Cases
=)
data” v r
sensor _WO - mode
etr \,\ . nerator
memory Imlata ; f
I_i @* model
U M L . S evaluator
— @ _________ frame
). Q\
control- apply
simufaq / ragmatlc predictiv
—simutaton
goal- action planning objectives

generator motor

xperimenta
& Pragmatic

interpretation
as

software code
(e.g. Java)



DEVS — Formal Specification of a System

A discrete event system specification (DEVS) is a structure

M=<X,S,Y,0,» Ocyt Ocons Ata>
where

X is the set of input values,
S is a set of states,
Y is the set of output values,
0... :S->Sis the internal transition function,
oy :QXX->S is the external transition function,
0. :QxX->S is the confluent transition function,

con,
ta: S'>R * 0 0o

int

Where
Q={(s,e)|sLIS, 0 <e< ta(s) } is the total state set,
e is the time elapsed since last transition,
A:S->Y is the output function and
R* . Is the set of positive reals with 0 and



DEVS Hierarchical Modular Models
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Concept of DEVS Standard
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DEVS Simulation Protocol
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Finite Deterministic DEVS : FD-DEVS

FDDEVS = <incomingMessageSet, outgoingMessageSet, StateSet, TimeAdvanceTable,
InternalTransitionTable, ExternalTransitionTable,OutputTable>

where

incomingMessageSet, outgoingMessageSet, StateSet are finite sets
TimeAdvanceTable: StateSet - RO,oo+ (the positive reals with zero and infinity)
InternalTransitionTable: StateSet - StateSet

ExternalTransitionTable: StateSet x incomingMessageSet - StateSet, and
OutputTable: StateSet - 2outgoingMsgSet ( = the set of subsets of outgoingMsgSet)

Natural Language For FDDEVS

eto start hold in PHASE for time SIGMA

*hold in PHASE for time SIGMA Semantics defined by
eafter PHASE then output MSG

*from PHASE go to PHASE’

ewhen in PHASE and receive MSG go to PHASE’
<eventually>

mapping into DEVS



FD-DEVS

The “right” abstraction of DEVS — retains
important timing properties

Amenable to analysis

Supports automation

Maps to DEVSJAVA
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Develop Coupled Model from FD-DEVS Atomic Models
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Example of Natural Language Spec:
1.to start passivate in passive
2.when in passive and receive StartAck go to

sendFirst

3.hold in sendFirst for time 0.5 then output
ReqForAck and go to sendSecond
4.hold in ackReceived for time Infinity

5....



Automated Analysis: Based on State Input Pairs
Enables Automated Test Model Generation

Defined State-Input pairs: _Terminal State-Input Pairs:
listen ,orderOffer %f‘ awaitingAdv,
awaitingAdv,ProdFeasibilityFalse s’ ProdFeasibilityFalse

awaitingAdv, ProdFeasibilityTrue e
Ax;fﬁtmg
" Adv

waitForConfrm ,Confirm waitForConfrm , Confirm

fﬁf \
OrderOffer 7 s \ProdFeasibilityFalse
PrgﬁféasmlhtyTrue ‘
/
/f%f
= State-Input pair paths:
waitForC 1= listen ,OrderOffer
onfirm 2 = listen , OrderOffer, awaitingAdv
,ProdFeasibilityFalse
Dominant Confirm 3= listen ,OrderOffer awaitingAdv
_ 1 ,ProdFeasibilityTrue
State InpUt pair. A= lictan OrderOffar awaitina Adv
listen ,orderOffer State-Input Pairs mapped
Dominant To Terminal State-Input pairs:
State-Input pair

paths:
2
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listen ,orderOffer -> awaitingAdyv ,
ProdFeasibilityFalse

awaitingAdv , ProdFeasibilityTrue -> waitForConfrm,
Confirm




Generated Test Models in DEVSJAVA SimView
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System Entity Structure (SES) : SESBuilder
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From a message perspective, the organization is made of a AcquirerMegotiator, SupplierMegotiator, and a
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System Entity Structure/Model Base Repository:
Support Automated DEVS Generation and Reuse

5 =@ & |
Generation of FDDEVS Models using Natural Language Processing
Load workspace
Load M5 Excel Spread Sheet
‘Workspace Path CiUsarsiPublic\NL PFDDEVS31hdist\ sic\applicationCode),
Excel File oderFulfiment
Perform Operations : | SES Builder | | Wiew FDDEVS Models |

| Generate SES and PES

| Transform and Generate Models

| Build 5UT and Test Model Respository

Model -

construction
| Generate Test Models from Repository
Execution Log :

~grorkspace’Models

~workspace’Models
~workspace’Models
~workspace’Models
~workspace’Models

~workspace’Models

MlsFile: orderFulfilment

directory

Java directory
xml directory
Ext directory
test directory

.error directory

exists!
exists!
exists!
exists!
exists!

exists!

Y

SES

Experimental
Frame

=

prune
and
transform

R
S

Model
Repository

~ N




DEVS/SOA Infrastructure: Supports Deployment
and Execution of DEVS Models on the Web
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Backup: Proposed DEVS Standard



Layered structure
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DEVS Supporting Interfaces

Entitylnterface Collection
() e -
0:n
e e Entitylnterface{ :ziirI];ae?;a Collection extends EntityInterface{
String getName(); void add(Entitylnterface entity);
boolean equalName(String name); void remove(Entitylnterface entity);
} boolean contains(Entitylnterface entity);
}




Message-related interfaces

Q Collection
interface Contentlnterface {

Portinterface getPort();
Entitylnterface getValue();
boolean onPort(Portinterface port);

}

O

O:n
ContentInterface O

Messagelnterface

interface Messagelnterface extends Collection{
boolean onPort(

Q Q PortInterface port,

Contentinterface content);
Entitylnterface getValOnPort(

Portinterface port
,Contentinterface content);

Portinterface Entitylnterface

interface Portinterface )

extends Entitylnterface{




Ensemble Interfaces

O Collection

ensembleCollection

ensembleBasic

interface ensembleBasic {

void tellAll(Method m, Entitylnterface[ ] args);
ensembleCollection askAll(Method m);
ensembleCollection which(Method m);
Entitylnterface whichOne(Method m);

}

interface ensembleCollection extends ensembleBasic, Collection{
public ensembleCollection copy(ensembleCollection ce);

}




DEVS Model Interfaces

interface 10Devs {

void addInport(String portName);

void addOutport(String portName);
ensembleCollection getinports();
ensembleCollection getOutports();
ContentlInterface makeContent(Portinterface
port,Entitylnterface value);

port, Contentlnterface c);

}

boolean messageOnPort(Messagelnterface x, Portinterface

|IODevs

coupledDevs

interface coupledDevs {

void add(IODevs d);

void addCoupling(lODevs src, Port p1, I0Devs dest, Port
p2);

I0Devs getComponentWithName(String nm);
ensembleCollection getComponents();
ensembleCollection getCouplings(lODevs src, Port p1);

}

interface basicDevs {

void deltext(double e,Messagelnterface x);
void deltcon(double e,Messagelnterface x);
void deltint();

Messagelnterface Out();

double ta();

void initialize();

}

basicDevs

~---~ atomicDevs

(optional)
Atomiclnterface
Devslnterface



DEVS Simulator Interfaces

coreSimulatorinterface

atomicSimuIatorInterfacég / /

Coordinatorinterface

CoupledSimulatorinterface

CoupledCoordinatorinterface



