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Continuous/Discrete systemsContinuous/Discrete systems

Applications to various domains Applications to various domains 
Defense, medical, communications, automotive, Defense, medical, communications, automotive, ……

Main characteristics Main characteristics 
Complexity, Heterogeneity Complexity, Heterogeneity 

Main design challengesMain design challenges
Global specification and validationGlobal specification and validation

Introduction
Synchronization
CODIS
Conclusion
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Continuous/Discrete systems designContinuous/Discrete systems design

Collaboration between different teamsCollaboration between different teams
Incremental refinements through different abstraction Incremental refinements through different abstraction 
levels with specific execution modelslevels with specific execution models
Validation requires joint execution of heterogeneous Validation requires joint execution of heterogeneous 
execution modelsexecution models

CoCo--Simulation techniqueSimulation technique

Continuous

Discrete

VHDL ISS
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Challenges for Continuous/Discrete coChallenges for Continuous/Discrete co--simulation simulation 

Defining new tools facilitating cooperation between Defining new tools facilitating cooperation between 
different teamsdifferent teams

Exploiting powerful existing tools (Simulink, SystemC, Exploiting powerful existing tools (Simulink, SystemC, ……))
Taking into account implementation choicesTaking into account implementation choices
Enabling easy specification, automatic generation for coEnabling easy specification, automatic generation for co--
simulation interfacessimulation interfaces

Discrete Continuous

Co-Simulation
Interface

Co-Simulation
Interface

Co-Simulation Bus

Discrete Continuous
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Contributions and objectivesContributions and objectives

Fasten design of execution models for Fasten design of execution models for 
continuous/discrete cocontinuous/discrete co--simulationsimulation
Definition of continuous/discrete framework: CODIS Definition of continuous/discrete framework: CODIS 
((COCOntinuous/ntinuous/DIDIscretescrete SSimulation)imulation)
Find applications to illustrate the coFind applications to illustrate the co--simulation framework simulation framework 
powerfulpowerful

Introduction
Synchronization
CODIS
Conclusion
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OutlineOutline

Global simulation for continuous/discrete systems Global simulation for continuous/discrete systems 
Synchronization models for continuous/discrete systems Synchronization models for continuous/discrete systems 
coco--simulationsimulation
CODIS frameworkCODIS framework
ConclusionConclusion
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Continuous/Discrete systems Continuous/Discrete systems 
-- heterogeneous execution models heterogeneous execution models --

Events exchanged between the two modelsEvents exchanged between the two models
Sampling eventsSampling events
Update signal eventsUpdate signal events
State eventsState events

Processes are Processes are 
executed at each ISexecuted at each IS

PiecewisePiecewise--
Continuous signalsContinuous signals

Advances by Advances by 
integration steps (IS) integration steps (IS) Continuous

Processes areProcesses are
sensitive to eventssensitive to eventsSet of eventsSet of eventsAdvances Advances 

discretely discretely Discrete

Processes Processes 
activation rulesactivation rules

CommunicationCommunication
meansmeansTime Time 

ConceptConcept
ModelModel

Discrete Continuous
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Continuous/Discrete systems Continuous/Discrete systems 
-- heterogeneous execution models heterogeneous execution models --

Simulation Step Synchronization 

State Event

t Discrete 
Model

t Continuous
Model

…

Signal Update/Sampling Event

Discrete

Continuous

Discrete model simulation step
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Continuous/Discrete systems Continuous/Discrete systems 
-- synchronization models synchronization models --

State Event

t Discrete 
Model

t Continuous
Model

…

Signal Update/Sampling Event

Discrete

Continuous

Discrete model simulation step

Full synchronization modeFull synchronization mode
Each discrete step and/or state event occurrenceEach discrete step and/or state event occurrence
Predictable events modePredictable events mode
Each update/sampling events and/or state event occurrenceEach update/sampling events and/or state event occurrence
Unpredictable events mode (Unpredictable events mode (≡≡ eventsevents--driven mode)driven mode)
Each update/sampling events and/or state event occurrenceEach update/sampling events and/or state event occurrence

Introduction
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Continuous/Discrete systems Continuous/Discrete systems 
-- synchronization models synchronization models --

Rollback may be requiredRollback may be required
NonNon--periodic periodic 
update/sample update/sample 
eventsevents

Each update/sampling Each update/sampling 
events and/or state event events and/or state event 
occurrenceoccurrence

Unpredictable events modeUnpredictable events mode
((≡≡ eventsevents--driven mode)driven mode)

The prediction of The prediction of 
update/sample events is update/sample events is 
requiredrequired

Improve Improve 
performancesperformances

Each update/sampling Each update/sampling 
events and/or state event events and/or state event 
occurrenceoccurrence

Predictable events modePredictable events mode

Synchronization Synchronization 
overheadoverheadGeneralGeneralEach discrete step and/or Each discrete step and/or 

state event occurrencestate event occurrenceFull synchronization modeFull synchronization mode

Inconvenient Inconvenient Advantages Advantages Synchronization stepSynchronization stepSynchronization modelSynchronization model
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Challenges for accurate global execution Challenges for accurate global execution 

Considering the state events generated by the Considering the state events generated by the 
continuous simulatorcontinuous simulator
Detection of the next event of the discrete simulator Detection of the next event of the discrete simulator 
(scheduled event) (scheduled event) 
Detection of the end of the discrete simulation cycle and Detection of the end of the discrete simulation cycle and 
the time step sending the time step sending 

Introduction
Synchronization
CODIS
Conclusion



BMAS'06 - M. Brière 12

Communication layerCommunication layer

Détection d'événements

Changement de contexte

Détection d'événements

Détection fin du cycle  et 
envoi du temps 

Synchronization 
layer

Synchronization 
layerCo-Simulation

interface

Generic architecture for continuous/discrete Generic architecture for continuous/discrete 
coco--simulation simulation 

Discrete 
execution model

Continuous
execution model

Cosimulation bus

Events detection

Indication of state events
and time sending

Context switch

State events 
consideration

End of discrete sim. 
cycle detection, 
event sending
Context switch

Communication layer Communication layer

Discrete 
execution model

Continuous
execution model

Cosimulation bus
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OutlineOutline

Global simulation for continuous/discrete systems Global simulation for continuous/discrete systems 
Synchronization models for continuous/discrete systems Synchronization models for continuous/discrete systems 
coco--simulation simulation 
CODIS frameworkCODIS framework
ConclusionConclusion
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CODIS frameworkCODIS framework

COCOntinuous/ntinuous/DIDIscretescrete SSimulationimulation
Implementation of the synchronization modelsImplementation of the synchronization models
First prototype enabling First prototype enabling SimulinkSimulink/SystemC simulation/SystemC simulation
Integrate easily discrete SystemC componentsIntegrate easily discrete SystemC components
Integrate easily continuous Integrate easily continuous SimulinkSimulink componentscomponents

Introduction
Synchronization
CODIS
Conclusion
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CODIS framework CODIS framework -- simulation flow simulation flow --

Communication layerCommunication layer

Détection d'événements

Changement de contexte

Détection d'événements

Détection fin du cycle  et 
envoi du temps 

Synchronization 
layer

Synchronization 
layer

Cosimulation
interface

Discrete 
execution model

Continuous
execution model

Co-simulation 
interfaces generation 

Input flow 

Output flow 

Co-sim.
library

Discrete Continuous
Introduction
Synchronization
CODIS
Conclusion
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Generation of continuous model interfacesGeneration of continuous model interfaces

Simulink coSimulink co--simulation library blockssimulation library blocks
StateState--event detection and signalling  event detection and signalling  
Synchronization with sampling and update eventsSynchronization with sampling and update events
Integration step adjustment Integration step adjustment 
CommunicationCommunication

Simulink input specification 

Simulink specification with 
co-simulation interfaces 

Co-simulation library  

Continuous
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Generation of discrete model interfacesGeneration of discrete model interfaces

Based on a SystemC coBased on a SystemC co--simulation library simulation library 
State events management blocks State events management blocks 
Communication blocks Communication blocks 

Automatic generation of coAutomatic generation of co--simulation interfaces by a simulation interfaces by a 
code generator that has as input usercode generator that has as input user--defined defined 
parametersparameters

Data typesData types
Number and type of ports Number and type of ports 
Synchronization model Synchronization model 

Discrete

New tasks added in 
the SystemC scheduler
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CODIS CODIS -- COntinuous/DIscreteCOntinuous/DIscrete Simulation Simulation --

SystemC/SystemC/SimulinkSimulink accurate simulationaccurate simulation
Easy integration, generic library elements Easy integration, generic library elements 

SystemC Simulink

Introduction
Synchronization
CODIS
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CODIS CODIS -- applications applications --

Control applications
Bottle filling station, robot arm manipulator 

Mixed signal application
Σ/∆ converter

Wireless application
Radar system

Introduction
Synchronization
CODIS
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CODIS CODIS -- application application -- bottle filling station bottle filling station 

RM 
Buffer

V3
start/stop

V2 
flow ctrl

Time-Driven 
Process

Job 
Buffer

V1
on/off Setup Job in 

Process
V4

on/off

tank level

State Event
Row 
Material

Jobs

Continuous part

Discrete part

Update 
signal 
event

Row material flow

Job flow
Internal control

inflow
outflow

State event

Update signal event

bottle level
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CODIS CODIS -- application application -- bottle filling station bottle filling station 

Diagram presentation
Discrete part models the job flow using SystemC components
Continuous part models the raw material flow using Simulink
components

Continuous model (Simulink) Discrete model (SystemC)

Inter_out Inter_in

Job buffer

v1 Setup

JiP v4
State eventsState events

Update signal Update signal 
eventsevents

Introduction
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CODIS CODIS -- application application -- bottle filling station bottle filling station 

Simulation results
Full synchronization mode (state events and signals update events are 
not periodic)

Continuous model (Simulink probe) Discrete model (SystemC vcd trace)

outflow

Update
signal
event

state  event

bottle level

tank level

job buffer

Configuration
job arrival rate: 180 s
setup: 60 s
inflow rate: 0.025 l/s
max. outflow rate: 0.033 l/s
min. outflow rate: 0.025 l/s

job arrival
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Performances analysisPerformances analysis

InterInter--simulators communication overheadsimulators communication overhead
20% of the total simulation time20% of the total simulation time

Overhead caused by the Overhead caused by the SimulinkSimulink integration step integration step 
adjustmentadjustment

maximum 5% of total simulation timemaximum 5% of total simulation time

SystemC synchronization overheadSystemC synchronization overhead
maximum 0.2% of the total simulation timemaximum 0.2% of the total simulation time

Introduction
Synchronization
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ConclusionsConclusions

The design of continuous/discrete systems requires coThe design of continuous/discrete systems requires co--
simulation based validation simulation based validation 
Challenges for continuous/discrete coChallenges for continuous/discrete co--simulationsimulation

Definition of global execution models respecting different Definition of global execution models respecting different 
synchronization models synchronization models 
CoCo--simulation interfaces automatic generation simulation interfaces automatic generation 

CODISCODIS
CoCo--simulation framework enabling generation of global execution simulation framework enabling generation of global execution 
modelsmodels
SystemC/SystemC/SimulinkSimulink coco--simulation simulation 
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BACKUP
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Continuous/Discrete systems Continuous/Discrete systems 
-- synchronization models synchronization models --

Full synchronization modeFull synchronization mode
Synchronization Synchronization –– each discrete model step and/or state event each discrete model step and/or state event 
occurrenceoccurrence
+  General+  General
-- Synchronization overheadSynchronization overhead

t
Continuous
Model

…

t Discrete 
Model

1

2

3

4

5

6

7

8

Discrete model simulation step

Discrete

Continuous
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Continuous/Discrete systems Continuous/Discrete systems 
-- synchronization models synchronization models --

Prediction events mode Prediction events mode 
Synchronization Synchronization –– each update/sampling events and/or state each update/sampling events and/or state 
event occurrence event occurrence 
+  Improve performances +  Improve performances 
-- Requires prediction for update/sampling eventsRequires prediction for update/sampling events

t

1

2

3

4

5

6

7

8

Signal Update/Sampling Event

Discrete

Continuous
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Continuous/Discrete systems Continuous/Discrete systems 
-- synchronization models synchronization models --

Unpredictable events modeUnpredictable events mode
Synchronization Synchronization –– each update/sampling events and/or state each update/sampling events and/or state 
event occurrence event occurrence 
+  Accept non+  Accept non--periodic update/sampling events, efficient when no periodic update/sampling events, efficient when no 
state  events occursstate  events occurs
-- Rollback for discrete model is required when state events Rollback for discrete model is required when state events 
occuroccur

t
Continuous
Model

…

t Discrete 
Model

3

1

4

7

5

Signal Update/Sampling Event

2 6 8

9Discrete

Continuous


