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Continuous/Discrete Systems

> Two types of components
iIntegration
]A&‘ Continuous timed
A * Discrete event

> lllustrative systems
* Electro-mechanical
* Mixed-signal
* Radio
* Hybrid
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Continuous/Discrete Systems
Design

» Collaboration between
different teams
Discrete

> Incremental refinements —
through different ~3 e
abstraction levels with
specific execution models

» Validation requires joint
execution of

heterogeneous execution

models
* Co-Simulation Technique
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Challenges for Continuous/Discrete
Co-Simulation

Discret Continu

» Defining new tools facilitating cooperation between different teams
* Exploiting powerful existing tools (Simulink, SystemC, ...)
* Taking into account implementation choices

* Enabling easy specification, automatic generation for co-
simulation interfaces

HLSLA 2007 G. Nicolescu



Outline

» Introduction

> Methodology for co-simulation tool design
> Application for CODIS tool design
» Conclusions
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Continuous/Discrete Systems

- Heterogeneous Execution Models -

oncept Time Communication Processes
Model means activation rules
Discrete It advances Set of events Processes are
discretely sensitive to events
Continuous It advances by Piecewise- Processes are
integration steps (IS) |Continuous signals| executed at each IS

» Events exchanged between the two models the discrete models
* Sampling events

* Update signal events

e State events
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Continuous/Discrete Systems
- Heterogeneous Execution Models -

t .
l S I _ Discrete

~_ | " Model
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- _.____________

~~ Simulation Step Synchronization

@ State Event | Signal Update/Sampling Event
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Methodology for Co-Simulation Tool

Design

(Generic Stage

Discrete
Definition of the synchronization

operational semantic

L

1o

Distribution of the synchronization
functionality to co-sim. interfaces

Interfaces behavior
formalization and verification

Definition of the internal architecture
and co-simulation library

Implementation stage |

A 4
Sim. tools
analysis

Library elements
implementation

Implementation validation
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Methodologie de conception des
outils de co-simulation

(Generic Stage

— — - n Discrete Continu

efinition of the synchronization C i

! operational semantic \ d ]A&.“}gifu
! i

Co-SirﬁuIation Co-Simulation

Distribution of the synchronization
functionality to co-sim. interfaces

Interfaces behavior
formalization and verification

Definition of the internal architecture |
and co-simulation library

Implementation stage |

A 4

Sim. tools
analysis

Library elements
implementation

Implementation validation
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Methodologie de conception des
outils de co-simulation

‘Generic Stage Discrete Continu
| Definition of the synchronization \ ‘ | IC %[II
operational semantic = Bl
, i
Distribution of the synchronization | Couche 1 @ | _Couche 1 @
functionality to co-sim. interfaces | Couche2 | | Couche2 |
Couche 3 | Couche3 |

L Interfaces behavior '
formalization and verification
Definition of the internal architecture |
and co-simulation library

Implementation stage |

A 4
Sim. tools
analysis

Library elements
implementation

Implementation validation
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Methodologie de conception des
outils de co-simulation

e :
Generic Stage Continu

Definition of the synchronization
X operational semantic

Distribution of the synchronization
functionality to co-sim. interfaces W
- Interfaces behavior | Bibtio.
formalization and verification .
Definition of the internal architecture |
and co-simulation library

Implementation stage |

A 4

Continu

Sim. tools
analysis

Library elements
implementation

Co-Simulation Co-Simulation

Implementation validation 7
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Methodologie de conception des
outils de co-simulation

e :
Generic Stage ; e
\ Discrete

Continu

Definition of the synchronization
operational semantic

L

Distribution of the synchronization
functionality to co-sim. interfaces W
i Interfaces behavior | lIO.
formalization and verification J :

Definition of the internal architecture |
and co-simulation library

Implementation stage

Sim. tools
analysis

Library elements
implementation

Implementation validation
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Outline

> Introduction
» Methodology for co-simulation tool design

> Application for CODIS tool design
» Conclusions
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Synchronization
— Operational Semantic —

> Based on DEVS
DEV =X S, Y, oint, 0ext, A, ta)

X={(pd, vd) | pdUInPorts, vdOXpd } - set of input ports and their values in
the discrete domain

Y ={( pd, vd) | pddOutPorts, vdYpd } - set of output ports and their
values in the discrete domain

S = is the set of sequential state (locations)

e = the elapsed time from the last transition

Q ={(s,e)|s IS, 0 <es< ta(s)} is the total state set

oint : S— S - internal transition function

oext : Q x X—S - external transition function where:

A : S—Y - output function

ta : time advance function — real and positive, can be 0 and <.
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Synchronization
— Operational Semantic —

>»DESS =X, Y,Q, f, o

X={(p., v.)lp.OInPorts, v.[00 } set of input ports and their values in
the continuous domain

Y ={( p., V.)|p.00OutPorts, v_(001} set of output ports and their
values in the continuous domain

Q = set of states
f: Q x X—Q is the rate of change function
A: Q(+X) —Y output function
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Héterogeneité continu/discret

! P
h i B L', Modele
: \/ Discret
'| i
|
H ' i t
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Héterogeneité continu/discret

Discrete

Continuous

< L. Modele
Discret

=
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Distribution de la fonctionnalite de

synchro aux interfaces de co-sim.

Discrete

Continuous

Co-Simulation

HLSLA 2007

Co-Simulation

( Start() )

from discrete event

<
<

simulator

\ 4

j simulator
A

to discrete event

A 4
-detection of the end of discrete

simulation cycle

- get data from the discrete event

simulator

- send data to co -simulation bus

to co-simulation bus

v

- send time of next event to co -

simulation bus

»
>

to co- ;iQulation bus

- statevent

ontinuous sim

statevent

A

A 4
- get data from the co -simulation

bus

- send data to the discrete event

simulator

A 4

wait data from the

continuous simulator

- get time of state event from the
co-simulation bus
- activate state event detection

- get data from the co -simulation bus
- send data to the discrete event

module

simulator

v

- wait data from the

continuous simulator
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Distribution de la fonctionnalite de

synchro aux interfaces de co-sim.

Discrete

Continuous

Co-Simulation

HLSLA 2007

Co-Simulation

- get data from the co -simulation bus
- send data to the continuous simulator
- send time of next event to the
continuous simulator

to continuous
simulator

— >

A

- get data from

\ from continuous

the continuous simulator

\ simulator

as a state eve
detected

- activate state event detection
module
-send time of state event to the
co-simulation bus
- send data from the continuous
simulator to the co -simulation

—

b to
] ) us co-simulatfon
to co-simulation bus bus
- send data from the continuous

<}‘ simulator to the co -simulation bus

A v

- wait data from the discrete - wait data from the discrete
simulator simulator
v v
( Stop ) ( Stop )
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Verification of Co-Simulation
Interfaces using UPAAL

£ C:Mocuments and Settings/Luiza lugan/Desktopfuppaal-4.0. 2/demofinterface2.xml - UPPAAL

File Edit Yiew Tools Options Help
R a B a & & [§ | @ - o

Editar |Simulat0r Verifier

[ Drag ouk

: Mame: |ICOntinu |Parameters: |

-# Declarations
5 |
S} IDiscret L s AL IR :

" D o ~ Co

....... Inte
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Verification of Co-Simulation
| interfaces using UPAAL

£ C:/Documents and Settings/luiza lugan/Desktop/uppaal-4.0. 2/demofinterface2.xml - UPPAAL
File Edit Wew Tools Options Help

B a B a & & &

Editor |Simulat0r verifier

@ = o

[ Drag out
4 Praject

: Mare: |IDiscret |Parameters: |

-~ \pataToBu
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Verification of Co-Simulation

interfaces using UPAAL

pcuments and Settingsfluiza lugan/Desktopfuppaal-4.0. 2fdemo/interface.xml - UPPAAL

File Edit Yiew Tools Options Help

R a B &« & & ®§ @ = e

Editor | Simulator | verifier

[ Drag ouk ]:[ Drag ouk ]: ; X :
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[Discret.cp =0 MextTimeGat Staﬂ@
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IContinu.tse[0] =&

DataFromBus

IContinu.tse[1] =4 WaitEvent ReceivedDataFromBus
IContinu.i=0 .
i il DataToSimCont
Simulation Trace [Continu.cp = 0
y . N . ~
(WaitEvent, ReceivedDataFromsim, StartDisc, Starti [ SendingDataToSimulation] StartCont

Event: IContinu --> IDiscret
(EventGot, StateEventDetected, StartDisc, StartConl

IDiscret ReceivedDataFramSim Staﬁ@

(StateEventDetected, StateEventDetected, StartDisc

DataFfomSimCont

Event
IContinu et
(StateEventDetected, TimeOrStateEvent ToCoSimulat ::
DataToBus: IContinu -- > IDiscret EveniGot StateEveniDetected
(-, WaitingDataFromTheDiscreteSimulation, StartDisc,
DataToSimDisc: IDiscret -- = SimDisc
(-, WaitingDataFromTheDiscreteSimulation, StartDisc, StateEventDetected
IContinu
(-, Start, StartDisc, StarkConk) -
< > [Timeofstate EventToGoSimulationSent]
Trace File: DataToBus
[ Prev ][ Mext ][ e ] [] [WaitingDataFromTheDiscreteSimuIation]

[ Open ][ Save ][ Random ]

y

= StartDisc
Slowe Fast
v
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Verification of Co-Simulation
interfaces using UPAAL

> Properties verification
* No deadlock
* Timing synchronization
* All state events are detected
* No false state events

Hlo Gt ow Lok Qptens tilp
G a B8 N @ <« B | @ > o
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Generic Architecture for
Continuous/Discrete Co-Simulation

Discrete Continuous
execution model execution model

Co-Simulation
» interface

HLSLA 2007 G. Nicolescu 24



Generic Architecture for
Continuous/Discrete Simulation

Discrete Continuous
execution model execution model
State events | = Indication of state events| Y
consideration and time sending
End of discrete sim. Co-Simulation
C I d t t. 'VEI

S e ¥ interface
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Définition architecture interne des
Intf. et élements de la bibliotheque

Data from/to the , A | Data from/to the
continuous model iscrete model
: : | H g el M ) :
Continuous Domain Interface Discrete Domain Interface

]
CZJ LDE DED

1

L1

i DN

DEE DD \A%S CC
I ) |
T Tt ]

N=(X,Y,D, fJ//r/Jr/JJ ElC, EOC, IC)
5) %{%’d@)r aHnppbE “P/I )} set of input ports and \/rzluw

{( D@ut/pdft(sd Y /p NDIPO Ser/rdOID/lr)oBf’u A alues
OC Etxt Jma Output Cou

QUG n
s g%dm G i ?W{%%O&E& iy OPuCOPorts,)
JC{In erﬁél oup 1|n]g

=R ;5’3) (1B SRTB Oy 5Portsd,, ip, O IPorts,)

Y, - set of output ports and valuss
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CODIS Framework
— Simulation Flow —

Discrete

Continuous

Input Flow

e

im.| Co-Simulation

Interfaces Generation

Discrete Continuous
execution model execution model
Q Q)
Output FIOW ;§¥?f:hronizat§on et ~ Synchronization Cosimulation

. | ? interface
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Generation of Continuous Model
Interfaces

Simulink input specification Co-Simulation Library

Bl

=l3lx|

> Simulink Co-Simulation
Library Blocks
* State-Event detection and
signalling
* Integration Step
Adjustment

* Synchronization with
sampling and update
events

e Communication

Ready % [ [ fodess

co-simulation interfaces
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Generation of Discrete Model
Interfaces

> Based on a SystemC Co-Simulation Library
* State events management blocks
* Communication blocks

» Automatic generation of co-simulation interfaces
by a code generator that has as input user-
defined parameters

* Data types
* No. and type of ports
* Synchronization model
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CODIS

- Continuous/Discrete simulation -

» SystemC/Simulink accurate simulation

* Easy integration, generic library elements

File  Edit Yiew

cons_temp = Eijg
;

else{

Edit

Search  Time

Moteur

(=1 1]
Project  Buld Debug Tooks Window Help
- $E R - BB ) Reloase - | g frec -|wE T
B B b s Z2 A% N. T Ind outt
— cosim_in | in
3| entry.h | main.cop | controle.cpp | entry.cpp | controle.h | 4 b x || Solotion Explorer - ew 2 x .
lié3 E| =l S-Function Subsystem: PID
T Solution ‘v’ (1 project) &
2 if (zero)
- : A& Eev
Cftrany (i3] References
: 2 5 Fil
T J =] E aurce Files
& i
cons_temp = - 0.5;
zero = rfalse: F GTKWave - trace.ved
b else

Markers  View Help

else
{

~N—

WCD loaded successfully
if (p < 2.5) cons_temp |[4] facilities found

[156] regions found

S Zoom P

O P | [ e
o T | | ]

) 00 =Y To: [19600
4| S 7 5 0 = 2™ i Signals Waves
Tz 1 7260 ms 14530 n= =
| output
[oebeo Systerme.t = | IULULLUUUULAALUUUUUUUUUUUUUULLU LU
= ~ — - SysternC.raz=l | | e
u. SystemC.order=" | [L [ s lo.s [o
B Find Resuks L | 2 Task Lt ] output [ @ 5es | SystemC pos =) || (LTI T I TT T T T T T I TT T T T T T I T T ITTTITTTT1]
| Ready

- JdE

Triggered
Subsystem

S

it &-FunctionZ
Crossing
4" H

Tl

HLSLA 2007

G. Nicolescu

30




CODIS
- Applications -

» Control applications - Robot arm manipulator, Bottle
filling system

» Mixed signal application: >/A Converter
» Wireless application: Radar system
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Conclusions

» Continuous/discrete systems designs requires global
validation

* Co-simulation Technique
> Challenges for continuous/discrete co-simulation

* Definition of global execution models

* Automatic generation of co-simulation interfaces
> Methodology for co-simulation tools design

* Application for SystemC/Simulink
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Performances analysis

> Inter-Simulators Communication overhead
e 20% of the total simulation time

» Overhead caused by the Simulink integration step
adjustment

* max. 5% of total simulation time

» SystemC Synchronization overhead
* max. 0.2% of the total simulation time
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Continuous/Discrete Systems
- Synchronization Models -

Synchronization Synchronization | Advantages Inconvenient
model Step
Full synchronisation | Each discrete step | General Synchronization
mode and/or state event overhead
occurrence
Predictible events Each Improve The prediction of
mode update/sampling performances | update/sample
events and/or state events is
event occurrence required
Unpredictable events| Each Non-periodic Rollback may be
mode update/sampling update/sample | required
events and/or state | events
event occurrence
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