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Continuous/Discrete systems

> Applications to various domains
« Defense, medical, communications, automotive, ...

= » Main characteristics
o Complexity, Heterogeneity

» Main design challenges
« Global specification and validation
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Continuous/Discrete systems design

» Collaboration between different teams
» Incremental refinements through different abstraction
seee  l@vels with specific execution models

» Validation requires joint execution of heterogeneous
execution models
o Co-Simulation technique

Discrete
R/H DL ISS

Model Sim.

Continuous
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Challenges for Continuous/Discrete co-simulation

» 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

Discrete Continuous

A 4

Discrete

Co-Simulation Co-Simulation -
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Contributions and objectives

» Fasten design of execution models for
continuous/discrete co-simulation

» Definition of continuous/discrete framework: CODIS
(COntinuous/Dlscrete Simulation)

» Find applications to illustrate the co-simulation framework
powerful
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Qutline

» Global simulation for continuous/discrete systems

ﬂ » Synchronization models for continuous/discrete systems
co-simulation

» CODIS framework
» Conclusion
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Synchronization
CODIS
Conclusion

Continuous/Discrete systems

- heterogeneous execution models -

Concept

Model Time Communication Processes
04z means activation rules
. Advances Processes are
Discrete . Set of events "

discretely sensitive to events

: Advances by Piecewise- Processes are

Continuous : : : )

integration steps (IS) Continuous signals executed at each IS

» Events exchanged between the two models

o Sampling events
« Update signal events

State events
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Continuous/Discrete systems
- heterogeneous execution models -

Synchronization
CODIS
Conclusion

Discrete ! /\ ! m
' ' ; : I t , Discrete
- BESS I I : I Model

Q

Continuous *D—I—I—I—H—I—D—I—I—I—IQ—H—E t  Continuous
=)/l : ! Model

A A A 4 IR

~~~ Simulation Step Synchronization

| Discrete model simulation step
@® State Event

. I Signal Update/Sampling Event
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Continuous/Discrete systems
- synchronization models -

Discrete . : : :
I i ] 1 ' . Discrete
' ' | ' Model
D’ D: 5 D: t Continuous
| 5 : Model

| Discrete model simulation step
@ State Event

§ Signal Update/Sampling Event
Full synchronization mode
Each discrete step and/or state event occurrence

Predictable events mode
Each update/sampling events and/or state event occurrence

Unpredictable events mode (= events-driven mode)
. Each update/sampling events and/or state event occurrence
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Synchronization
CODIS
Conclusion

Continuous/Discrete systems
- synchronization models -

Synchronization model Synchronization step Advantages Inconvenient
Full synchronization mode Each discrete step and/or General Synchronization
state event occurrence overhead
Each update/sampling The prediction of
: Improve :
Predictable events mode events and/or state event update/sample events is
performances :
occurrence required
Each update/sampling Non-periodic

Unpredictable events mode
(= events-driven mode)

events and/or state event
occurrence

update/sample
events

Rollback may be required
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Challenges for accurate global execution

» Considering the state events generated by the
continuous simulator

. » Detection of the next event of the discrete simulator
°°°°°°°° (scheduled event)

» Detection of the end of the discrete simulation cycle and

the time step sending
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Generic architecture for continuous/discrete
co-simulation

Synchronization

e Discrete Continuous
execution model execution model
( State events | = | Indication of state events
consideration and time sending
End of discrete sim.
Co-Simulation i

Interface
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Qutline

» Global simulation for continuous/discrete systems

ﬂ » Synchronization models for continuous/discrete systems
co-simulation

» CODIS framework
» Conclusion
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CODIS framework

» COntinuous/Dlscrete Simulation

@ » Implementation of the synchronization models

.  » First prototype enabling Simulink/SystemC simulation
> Integrate easily discrete SystemC components

» Integrate easily continuous Simulink components
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Input flow

CODIS
Conclusion

Output flow

CODIS framework - simulation flow -

Discrete

Discrete
execution model

Synchronization

Q

Continuous

Continuous
execution model

Synchronization

Q
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Co-simulation
interfaces generation

Cosimulation
> interface
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Continuous

Generation of continuous model interfaces

» Simulink co-simulation library blocks
« State-event detection and signalling
o Synchronization with sampling and update events
 Integration step adjustment
o Communication

Simulink input specification Co-simulation library
[ECETO— 5] Cosimulation_ibrary

1o X =10l x|
Dig@a inlesrach ik |BaDos WEES DEHE b Be | csd oo 10 | He DS n Rl
ﬁ_ ol e
ly e == Ready 100% [ 4
T = = N ) ..m!.-ﬂ|
H
Simulink specification with
co-simulation interfaces
BMAS'06 - M. Briére 16



CODIS
Conclusion

Generation of discrete model interfaces

Discrete

<2 i

» 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

o Data types

« Number and type of ports
o Synchronization model

New tasks added in
the SystemC scheduler

\

BMAS'06 - M. Briére

1. Initialization Phase — Execute all processes (except SC_CTHREADS) in an unapecified order.
2. Evaluste Phase — Select a process that is ready to run and resume its execution.
3. I there are still processes ready to run, qo to step 2.

4. Update Phase — Execute any pending calls to update() resulting from reguest_updaiel) calls
made in step ?

4. IFthere are pending delared notifications, determine which processes are readr 1o run due 1o the
delayed naotifications and go to step 2.

6. F Mode =FS then Send the next discrete time to Simulink and Switch conte <t to Simulink,

Else
If Mode = PE then send the next signals ypdsie evend or samaolng essnt @ p
and Switch context to Simulink.
Else imode = ED} if signafs update evant flag = ™1" or samphing sveed then send the

current time and Switch context to Simulink

{. lf state event then add a timed event with fime stamp equal to the state event time stamp
10 the scheduler fjueve,

fi. IMthere are no more timed notifcations, simulation is inishec.
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CODIS
Conclusion

> SystemC/Simulink accurate simulation
« Easy integration, generic library elements

CODIS - COntinuous/Dlscrete Simulation -

/SystemC
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CODIS - applications -

» Control applications
« Bottle filling station, robot arm manipulator

- » Mixed signal application
o /A converter

> Wireless application
« Radar system
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CODIS - application - bottle filling station

—  State event
—> Update signal event

—p ROW material flow

CODIS \-l (:) l:) 1:I (:)“’\,

Conclusion

—— Internal control
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CODIS - application - bottle filling station

> Diagram presentation
ﬂ o Discrete part models the job flow using SystemC components

o Continuous part models the raw material flow using Simulink
Conclusion
components
1 Continuous model (Simulink) Discrete model (SystemC)
Raw Mamrial Tank Levd PRELEYE
r RM. Butfer ] Inter_out Inter_in
| % > *lr state Update signal
bottle [pvel hit
P vol _T:n:-drtven Process Cré—!;ng &Funcﬂonzl < events T l
" outflow——t Q > Q Job buffer JP H» v4
S v2 State events -
i » T
v1 - Setup
moenitor I:]
[E‘—b‘cosm_n_g!comm confrol A :
Ground -
S—Funcfiont
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CODIS - application - bottle filling station

> Simulation results

ﬂ o Full synchronization mode (state events and signals update events are
not periodic)

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

File Edit Search Time Markers View Heip

o P e Ve
OLtflog o= Eag D —fT o
—| job arrlval:f,, :

Svnecn: L 1 | I 1

Update . o
sign: : : 3
eve

f

. it ; atat_ﬂ =25 =11 . .
state event = N { [ I [ ‘ ‘ H
botle level Configuration
' job arrival rate: 180 s
setup: 60 s
inflow rate: 0.025 |/s

max. outflow rate: 0.033 I/s
min. outflow rate: 0.025 I/s

bottle leve
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Performances analysis

> Inter-simulators communication overhead
e 20% of the total simulation time
» QOverhead caused by the Simulink integration step

adjustment
« Mmaximum 5% of total simulation time

> SystemC synchronization overhead
o« maximum 0.2% of the total simulation time

. BMAS'06 - M. Briére
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Conclusions

» The design of continuous/discrete systems requires co-
@ simulation based validation

» Challenges for continuous/discrete co-simulation

« Definition of global execution models respecting different
synchronization models

« Co-simulation interfaces automatic generation

» CODIS

o Co-simulation framework enabling generation of global execution
models

o SystemC/Simulink co-simulation
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Continuous/Discrete systems
- synchronization models -

» Full synchronization mode

ﬂ o Synchronization — each discrete model step and/or state event
occurrence

e @ General
@ Synchronization overhead

Discrete . 4 /—8\“
E/\E :
‘d - l l o t , Discrete
E Model
3 E
O |
Continuous Wt L O _» Continuous
% Model
2 6

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

» Prediction events mode

ﬂ « Synchronization — each update/sampling events and/or state
event occurrence

o @ Improve performances
@ Requires prediction for update/sampling events

: 4 8
Discrete ! ! :
B > t
3 |
Contlnuous ﬁ ] . .
2 6

i Signal Update/Sampling Event
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Continuous/Discrete systems
- synchronization models -

» Unpredictable events mode

@ « Synchronization — each update/sampling events and/or state
event occurrence

o @ Accept non-periodic update/sampling events, efficient when no
state events occurs

« @® Rollback for discrete model is required when state events
occur

Discrete

2 5

Q

Continuous

t . Discrete
Model

t

» Continuous
Model

1 Signal Update/Sampling Event
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