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RoadmapRoadmap

ContextContext
Simulator Simulator integrationintegration: High : High LevelLevel ArchitectureArchitecture (HLA)(HLA)

HLA HLA middlewaremiddleware: : RunRun--TimeTime InfrastructureInfrastructure (RTI)(RTI)

RTI RTI subsystemsubsystem: Data : Data DistributionDistribution Management (DDM)Management (DDM)

OurOur researchresearch
DDM DDM IssuesIssues
EfficientEfficient lowlow levellevel implementationsimplementations



Birth of a SimulatorBirth of a Simulator

In In ancientancient timestimes
SomeoneSomeone writeswrites it.it. FromFrom scratch.scratch.

TodayToday
SimulationSimulation modelsmodels growinggrowing in in complexitycomplexity and and detailsdetails

Old good wayOld good way: Someone writes it. : Someone writes it. FromFrom scratch.scratch.
DrawbackDrawback: Long and : Long and expensiveexpensive

CheatCheat: use code written for : use code written for otherother simulationssimulations..



High High LevelLevel ArchitectureArchitecture

WhatWhat isis itit??

AnAn ArchitectureArchitecture SpecificationSpecification toto “federate” “federate” 
HeterogeneousHeterogeneous SimulatorsSimulators

DefinitionsDefinitions
Heterogeneous simulators: Heterogeneous simulators: FederatesFederates
SimulationSimulation obtained by obtained by combinationcombination of of heterogeneousheterogeneous
simulatorssimulators: : FederationFederation



FederationFederation StructureStructure

• Static Description of Federation

Federation Object Model (FOM)

Run-Time Infrasturcture (RTI)

• Middleware between Federates

Federate Federate Federate Federate

• Federates



RunRun--TimeTime InfrastructureInfrastructure

• Middleware to interconnect individual federates 
• Interface specification in IEEE publications.
• Interface specifically designed to interconnect simulation code.

CharacteristicsCharacteristics

• Object oriented Paradigm:
Each federate seen as an object.
Federates treated as if they are managing simulation objects

• Only the interface defined. No implementation described

Research target: Design to implement efficient
network communication



CommunicationCommunication betweenbetween federatesfederates

• Communication Interface based on publish/subscribe paradigm

Each federate:
• Publishes the object instances it wants other federates to know.
• Subscribes to types of published objects

PotentialPotential CommunicationCommunication OverheadOverhead
• A federate can subscribe only to an object type

Traffic of useless messages in the RTI



Data Data DistributionDistribution ManagementManagement

Simulation takes place into a simulated spatial environment

Same interface with advanced filtering mechanisms of messages

Each object sends updates to a federate iff

Extension of the communication interface to tackle communication overhead

• Federate subscribed to the object’s type
(same as classic RTI)

AND

• Published object associated with “update” regions
• Federates subscribes to “subscription” regions for each object type

• the object’s “update” region overlaps the
federates “subscription” region



RegionRegion--based DDMbased DDM ImplementationImplementation

Straightforward implementation of the DDM specificationStraightforward implementation of the DDM specification

Anytime a region is modified DDM subsystem must compare it with Anytime a region is modified DDM subsystem must compare it with all the all the 
opposite kind of regions to check wether any overlap takes placeopposite kind of regions to check wether any overlap takes place or is removed. or is removed. 

Computation OverheadComputation Overhead



GriddingGridding DDM DDM ImplementationImplementation
Y

•• UselessUseless messagesmessages

updateupdate
updateupdate

subscriptionsubscription

subscriptionsubscription

Y

EachEach squaresquare isis associatedassociated withwith a a multicastmulticast groupgroup XX

ProblemsProblems

Network Network traffictraffic
DiscriminationDiscrimination logiclogic
Difficult to modelDifficult to model•• DuplicatedDuplicated MessagesMessages



OurOur ResearchResearch
IncreaseIncrease RegionRegion--BasedBased performanceperformance

HowHow??
ExecuteExecute DDM DDM computationcomputation on the on the myrinetmyrinet
processorprocessor..

MulticastMulticast MechanismMechanism thatthat avoidsavoids duplicatedduplicated
messagesmessages

MoveMove multicastmulticast toto levelslevels 2/1 in the ISO/OSI 2/1 in the ISO/OSI 
stackstack toto avoidavoid multiple multiple messagemessage copiescopies acrossacross
the system bus.the system bus.



ClassicClassic DDM DDM SubsystemSubsystem

DDM DDM computationcomputation

FederateFederate

RTIRTI

SimulationSimulation ExecutionExecution SimulationSimulation ExecutionExecution

Subscribe_attribute_with_region ()Subscribe_attribute_with_region ()

TimeTime



DDM DDM SubsystemSubsystem on on myrinetmyrinet processorprocessor

CallbackCallback

DDM DDM ComputationComputation

FederateFederate

RTIRTI

SimulationSimulation ExecutionExecution

Time ManagementTime Management

SimulationSimulation ExecutionExecution

Subscribe_attribute_with_region ()Subscribe_attribute_with_region ()

NetworkNetwork
cardcard

TimeTime

DDM DDM ComputationComputation isis executedexecuted togethertogether withwith
simulationsimulation and RTI and RTI executionsexecutions



OverallOverall Software Software StructureStructure
RTI Interface

RTI-Kit
(Georgia-tech)

OS interface

Myrinet driver
(Myricom)

Multicast interface

DDM Interface 

Hardware Interface

Myrinet firmware
(Myricom)

Multicast
extension

DDM
Subsystem

DDM subsystem
interface

DDM
Subsystem



WhereWhere are are wewe??

Multicast interface

DDM Interface

Multicast
extension

DDM
Subsystem

DDM subsystem
interface

DDM
Subsystem

Basic ImplementationBasic Implementation
completedcompleted

ExperimentsExperiments betweenbetween the the twotwo executionexecution flowsflows..
WhereWhere do do wewe go go fromfrom herehere??

ContentContent--awareaware firmware firmware toto avoidavoid control control 
messagemessage internalinternal routingrouting
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