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" Logical Time...

focuses on causal relations between events
s independent of the abstraction level

s multi-clock (polychronous)

Provides a partial order between events

After 23 starts of the computer, a disk check is done

The computation duration is 156 processor ticks
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” Logical Time...

focuses on causal relations between events
s independent of the abstraction level

s multi-clock (polychronous)

Provides a partial order between events

After 23 starts of the computer, a disk check is done

The computation duration is 156 processor ticks

\

In modern laptop, tick is logical since the
processor speed depend on the battery level

: Université 3 .
(r: Julien DeAntoni



~ Logical Time...

focuses on causal relations between events
s independent of the abstraction level

s multi-clock (polychronous)

Provides a partial order between events

1

receive

time -
.'t
..

s scalar LOGICAL TIME
timestamp Friedemann Mattern
Darmstadt University of Technology
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”Physical Time...

« Can be seen as a special case of logical time

After 5 secondes, it stops...

After 5 events of the “second” clock, it stops

Julien DeAntoni



Abstract ABMS 55

HdS AP
ifo1 *

Y

AMBA AHB

L

| DMEM |

POT (I/O)

clazs SWFIFO_Ch: publ

list<int> buffer;
void recv_data(pfid *dst,

faor {int

Er[i]=buffer.pop;
y

=0; i<size;

sc_prim fFhannel {

int fpize} |
i+4)

SC MODULE 969} 1

ARM_S5 *vARM;
DM *wDEM;
BUS *wBUS;

SC_CTOR(TOR) |

SC_MODULE (ARM_S8) { SC_MOPULE (Taskl) {

Taskl *vTaskl;
SEWFIFO_Ch swiifol;

SC_CTOR(AEM_S5) 4

SWFIFO_Port Inl:
vizid Taskl_behi{);//behavior
SC_CTOR(Taskl) {

SC_CTHREAD (Taskl_beh,clk);

Fig. & Virtual architecture Diopsis model.

deling: an example
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ARM_S5 *vARM;
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SC_CTOR(TOR) |

SC_MODULE (ARM_S8) { SC_MOPULE (Taskl) {

Taskl *vTaskl; SWFIFU_Port Inl:
SWFIFO _Ch swfifecl;

SC_CTOR(AEM_S5) 4

void Taskl_beh{);//behavior
SC_CTOR(Taskl){
SC_CTHREAD (Taskl_beh,clk);

Fig. & Virtual architecture Diopsis model.
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” Modeling: an example

Structure

Elaboration phase
(SystemC)

Behavior

v

Simulation

Platform-Based Software Design Flow for Heterogeneous MPSoC
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Traditional modelling approach
* Structure
— Black-box + Interfaces (ports, Data Types)

« Behavioral abstraction

— Messages + possibly period and performance
requirements, ...

* What we find missing:

— Detailed definition of timing and synchronization
properties

— Communication protocol requirements

* This missing information is often deported
elsewhere

B INRIA —i Julien DeAntoni



" Time & Semantic

* “physical” time
— Extra functional

Single time (total order)

Timing constraints to be

satisfied at execution

Simulation semantics
possibly different from
synthesis

UML, SystemC

Julien DeAntoni



" Time & Semantics
« “physical” ti.meI

* Logical functional time

Functional: sequence of
reaction steps

Multiple times (local /
global)

Synchronization
primitives = constraints

between local activation
times

Synthesis / Compilation

Process networks (SDF),
synchronous reactive
formalisms, statecharts

Single time (total order)

Timing constraints to be
satisfied at execution

Simulation semantics
possibly different from
synthesis

UML, SystemC
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ime as semantics

« “physical” time
— Extra functional

* Logical functional time
— Functional: sequence of
reaction steps
— Multiple times (local / — Single time (total order)
global)
— Synchronization
primitives = constraints

between local activation
times

— Synthesis / Compilation

ints to be
bcution

Our choice

— Simulation semantics
possibly different from
synthesis

— Process networks (SDF), — UML, SystemC
synchronous reactive
formalisms, statecharts

HDLs

Julien DeAntoni 13




LOg Ical Time (in MARTE TIME MODEL)
« The main concept is the Clock.

— It is a way to specify a, possibly infinite,
ordered set of instants

— It can be logical or chronometric, discrete or
dense

— Its type is a ClockType

«clockTypex»
MyClockType

= itsResolution: Integer [1] itsClock: I:;'IC;JEL{I};ORType 1

itsResolution = 1

«Clock»
«ClockType» standard = TAl

nature = discrete =
unitType = TimeUnitKind Lyr“’lf t?ffc'“kwpe

isLogical = true
resolAttr = itsResolution

%/ INRIA Julien DeAntoni



IARTE TIME MODEL

ClockType

TimedConstraint TimedEvent TimedProcessing TimedObservation

R T

Constraint Event Behavior Observation

Simplified view of the MARTE Time meta-Model

Julien DeAntoni



ClockType H’ AnyElement

TimedConstraint TimedEvent TimedProcessing TimedObservation

R T

Constraint Event Behavior Observation

Simplified view of the MARTE Time meta-Model
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PMARTE TIME MODEL

« Sketchy example of its use

Producer = Consumer

User model

gy

Julien DeAntoni



ical time in models

. Sk etchy example of its use

Producer = Consumer

User model Q G%
sendEvent receiveEvent

Julien DeAntoni



9IC3| time in models

hy example of its use

Producer = Consumer

User model Q G%
sendEvent receiveEvent

c1.sendEvent: LogicalClock

MARTE model

LogicalClock : ClockType

s ercto | The ordered set of sendEvent

s bijective with the ordered set
of instants of c1. sendEvent

Julien DeAntoni



ccsl

« Clock Constraint Specification Language

— Firstly introduced in the MARTE TIME
profile

— Declarative model-based language
integrated with Eclipse

— Formal semantics (both denotational
and operational)

— Tooled (TimeSquare)

- Explicitly represents / specifies
relations between clocks

ZIINRIA

Julien DeAntoni
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C C S L (Clock Constraint Specification Language)

— Relations: dependencies between clocks

« Coincidence -
« Exclusion -
« Precedence -
« Alternance -

— Expressions: a mean to create new clocks

from others

Delay -
Filtering -
Union -
Intersection -

delayedFor X on aClock
aClock filteredBy aBinaryWord
aClock union anotherClock
aClock inter anotherClock

Periodicity —» periodicOn aClock period X offset Y

ZIINRIA

Julien DeAntoni



C C S L (Clock Constraint Specification Language)

— Relations: dependencies between clocks

« Coincidence -
« Exclusion -
« Precedence -
« Alternance -

— Expressions: a mean to create new clocks from
others

« Delay delayedFor X on aClock
 Filtering aClock filteredBy aBinaryWord
« Union aClock union anotherClock
« Intersection aClock inter anotherClock
Periodicity periodicOn aClock period X offset Y

—lerarles user-defined relations
and expressions for a specific
domain

%l INRIA o o o Julien DeAntoni



« Sketchy example of its use

User model

MARTE model

Producer

Consumer
c1

sendEvent

c1.sendEvent: LogicalClock

LogicalClock : ClockType

IsLogical : True
Nature : discrete

>!
receiveEvent

The ordered set of sendEvent
is bijective with the ordered set

of instants of c1. sendEvent
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User model Q G%
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« Sketchy example of its use

Producer = Consumer

User model Q G%
sendEvent receiveEvent

c1.sendEvent: LogicalClock
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IsLogical : True
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« Sketchy example of its use

User model

MARTE model

Producer

Consumer
c1

sendEvent

c1.sendEvent: LogicalClock

LogicalClock : ClockType

IsLogical : True
Nature : discrete

>z
receiveEvent

c1.receiveEvent: LogicalClock

.

R : delay

@ 3

!
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« Sketchy example of its use

Producer = Consumer

User model Q G%
sendEvent receiveEvent

c1.sendEvent: LogicalClock

MARTE model

LogicalClock : ClockType

IsLogical : True R Piecedas
Nature : discrete C©m1 . ‘V‘ @O

DounEES

( p: 5
: d: 2
X1 - period R9 ; sample

—e

Julien DeAntoni




« Sketchy example of its use

User model

MARTE model

Producer

c1

Consumer

sendEvent

c1.sendEvent: LogicalClock

LogicalClock : ClockType

IsLogical : True
Nature : discrete

>!
receiveEvent
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« Sketchy example of its use

Producer = Consumer

User model Q G%
sendEvent receiveEvent

c1.sendEvent: LogicalClock cl.receiveEvent: LogicalClock

MARTE model

LogicalClock : ClockType !

IsLogical : True

Nature : discrete @@mﬂ My@@ﬁ@%@m@m

0 O
..................................... Ao D

Means to define formally timed Models of

Computatlons and Communlcatlons (MoCCs)
RN IT




Why CCSL?

* Means to define formally timed Models of
Computations and Communications (MoCCs)

* Notation to describe semantic relations between
timed behaviors (illustrated below)

* Specification of sophisticated synchronizations

* Polychronous system modeling
* Akin to Tagged Systems (Lee & Sangiovanni-Vincentelli)

31



Synchronous DataFlow

* Nodes are called actors
* Arcs have a delay
* |nput/Output have a weight (Number of data samples consumed/produced)

< SDFGraph

SDF Meta-model

arcs

Arc

delay : UnlimitedNatural

read()
write()

actors | *
Actor nputs | INPUt
actor *
executes() enables()
actor I/0
weight: UnlimitedNatural j
* | Output

outgoing

outputs

32



Synchronous DataFlow

SDF Metamodel

< SDFGraph e
actors | *
Actor nputs | INput
actor *
executes() enables()
’actor 1/0
weight: UnlimitedNatural ]
* Output

darcs

Arc

delay : UnlimitedNatural

read()
write()

outgoing

SDF Model

outputs

33




Synchronous DataFlow

SDF firing rules:

* Actor enabling = each incoming arc carries at least
weight tokens

* Actor execution = atomic consumption/production

of tokens by an enabled actor

* |.e., consume weight tokens on each incoming arcs and
produce weight tokens on each outgoing arc

* Delay is an initial token load on an arc.

How can CCSL express this semantics?

34



Evolutions of the model

SDF Example

Static schedule:

AABAAB
ccC Ocb Ibe
[ -

35



How to model SDF graphs in UML ?
) 4

/—SDF

o

o_ab

A

1

1:.ab

Where is the semantics ?
Is that compatible with the UML semantics ?

CCSL makes the semantics explicit ...
... Within the model

|V
o_chb | i be

C

\ V-

Ochb ibc
e

SDF

~

{

o




SDF semantics with CCSL (1/2)

SDF
* Actor A
* Token T
write delay read
—T1—
* Inputi P -
weight | ; |
>0 actor |
read | /,?
e OQutputo
| ) weight
actor O =
| O write

e CCSL
Cl ock A

Clock wite, read:
def token(clock write, clock read, int delay)

write | < | (read delayedFor delay
=

L

def input(clock actor, clock read, int weight) =

read by weight) | = | actor
( y weig

def output(clock actor, clock write, int weight) =

actor [=] (u.-'-ritﬂ filteredBy (1.0&'6?'9“—1)“)

37



SDF semantics with CCSL (2/2)

—_— e — e — o — -

e — — —

(0
O
C
S
O
D
\"____AD____,/
—
Q
-
Q
D
'—ln

* CCSL

def arc(int delay, clock source, int out, clock target, int in) =

output(source, write, out); token(write, read, delay); input(target, read, in)

38



S=arc(0,A,1,B.2) | arc(0,B.2,C,1) | arc(2,C,1, B, 2)

) Ii il
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> Simulate and animate the UNEAVHARTE TOC

in TimeSquare

(http://www-sop.inria.fr/aoste/dev/time_square/)

7@ *myUMLModel.di2 5

. testSDF2009 0602 145 & . ™2 =0

SDF_1

(weight=2) | R

- weight=1 ?‘_‘

| OpaqueAction_B | {weight=2 }
{ weight=2} ;

OpaqueAction_C:
00000110001100011000
counter=6

{weight=1}
. . {weight=1}
N | _ '
| OpaqueAction_C

S I O I |

<

£z Activity diagram of Component 1

ZIINRIA

JUNN 1 1

> w

Ved Viewer (testSDF2009 0602 145238.ved

Julien DeAntoni 40



== Simulate and animate the UME®
in TimeSquare
(http://www-sop.inria.fr/aoste/dev/time_square/)

Julien DeAntoni



AOSTE’s Tools

* TimeSquare

Software environment dedicated to the
- Specification of CCSL constraints
— Resolution of CCSL constraints
- Simulation and generation of trace model
— Animation of UML models
- Exploration of augmented timing diagrams

K-Passa

Computation of static schedules for specific MoCCs

2

- Marked Graphs, Synchronous DataFlow, Latency-Insensitive Designs, K-

periodical Routed Graphs
Analysis (deadlock freeness, safety)
Optimization (latency, throughput, interconnect buffer size)
Code generation (stand-alone simulator, co-simulation)

42



Tool download

* http://www-sop.inria.fr/aoste/

Project-team AOSTE

Models and methods for the analysis and optimization of systems with reaktime and embedding constraints

Fresentation Members = Fublications = Softwares | Cooperations  Jobs offers | Contactus | 2 11

All our softwares

Esterel Softwares
KPASSA,

ayncCharts

SynDEx All our softwares
Timesguare

Team members have developed several tools dedicated to embedded system:

Esterel: The academic compiler developed by the Tick team.

KPASSA: A simple tool to create and use formal models, and run algorithms onto.
SyncCharts: a graphical formalism dedicated ta reactive system modeling.

SynDEx: a system level CAD software based on the "Algarithm-Architecture Adequation” [(AA84)
methodalogy, for rapid prototyping and optimizing the implementation of distributed real-time
embedded applications.

= TimeSquare: Eclipse plugin for using MARTE profile (Time model and CCsL) and clock wisualization
WD wiewer).

43
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Retro-ingénierie de Traces d'analyse de
SIMulation
et d'EXécution de systemes temps-réel

RT-Simex

&boeo WINRIA i J - Julien DeAntoni



oy

—

Designer Real time

Multi-task
execution

Analysis of the
execution

- 1 - Université 2 .
&oeo W INRIA Inici Julien DeAntoni



Designer

JumpShot , Vamopir,
Linux Tool Eclipse Project

winldl
[ P k]
L]
priatl o usage:ha)z
primtl {788 =2 [=t Fila",
¥,
#i 4t ]
priotf [“[-g) [-6 ")
primif {"[-2 shat] [-r]
u e [t 2
i el Lo
primtt {~ [-= ) 1 [-=
1d] [-3 wiss) ™)
it

Real time
Multi-task
execution

Exection analysis  Temporal execution traces

and reports

=

OTF, VCD

Julien DeAntoni 47



” observations

==

Designer Model

L

Multi-task
execution

@4—

Execution Temporal execution
analysis and traces
report

Julien DeAntoni



winldl
; H]
i
printt {Cuk B H
printf (N =a [=t Fila";
¥;
@i 1! I
priotf [“[g) [-€] ")z
dharad |
primtf ("[-p shat] [-r]
[-u File [trpelli®h
i foef LOFE
primtt " [-= ) ] [=
id] [-2 wieal “hi
if

Designer Models Real time

Multi-task
\,é execution

UML MARTE

&
Eclipse

Execution analysis Temporal execution

and report AT THE traces
MODEL LEVEL

Julien DeAntoni



" Processus RT-Simex

UL
M- RTE
| —

. —— T: | — [Générationdecode] S— L

instrumenté

Modele de conception Code source
(contraintes temporelles)

Exécution

[ Rétro-ingénierie ]

Réconciliation du code

et analyse des différences
(spécifié vs observé)

)

des traces

I
1 e— [ Dol Rasnens

Modele des traces
temporelles observés

Traces au format OTF

1 H Université 2 5
&Doeo WI NRIA él%’f I”fcl Julien DeAntoni



instrumenté

[ Génération de code ] S— L

Modéle de conception
(contraintes temporelles)

Exécution

[ Rétro-ingénierie ]

Réconciliation du code

et analyse des différences
(spécifié vs observé)

)

des traces

- e
| . |
I L e——E [ Rétro-ingénierie

Modele des traces
temporelles observés

Traces au format OTF

1 H Université 2 5
&beo WI NRIA él%’f I”fcl Julien DeAntoni



& 000020,

instrumenté

Génération de code ] — )

Code source

Exécution

[ Rétro-ingénierie ]

Réconciliation du code

et analyse des différences
(spécifié vs observe)

1§ i —— [ Rétro-ingénierie
Modeéle des traces des traces

temporelles observés

Traces au format OTF

1 Université 2 i
oo WI NRIA |an Julien DeAntoni



C C S L (Clock Constraint Specification Language)

— Relations: dependencies between clocks

« Coincidence -
« Exclusion -
« Precedence -
« Alternance -

— Expressions: a mean to create new clocks from
others

« Delay delayedFor X on aClock
 Filtering aClock filteredBy aBinaryWord
« Union aClock union anotherClock
« Intersection aClock inter anotherClock
Periodicity periodicOn aClock period X offset Y

—lerarles user-defined relations
and expressions for a specific
domain

%l INRIA o o o Julien DeAntoni



for RT-Simex...

sd Scenariol ‘

application a ST &
L, S o sio; controlActivity
! ! Legend
«create» S + Execution start
********* #robotSimulator| « Execution end
- Legend e
. i » Data out
' = Execution start
«create» ! + Execution end
ffffffffffff L " + Call Operation
: position « Reply |
' Ideal Clock & updateVariable & getTargetOrder
' : » = - discretized by 0.001
! ! » = - discretized by 0.001
«cre'ate» ! = - discretized by 0.001
———————————— -+————————————= sensorThread i \
' 1 7#) getPosition - - ] o computeTargetPosition | 4
H h i3 Position
i | T » 34 >E CUMTeNtPos
: «create‘p ; s curt
' '
——————————— T T T T T T T T T — —— — — —— — > controlThread
' I ' <80 ms
- I Z Y
i I “—\—___‘_- - — Y
: oms : 163 5n - : | (@) setMotionOrder
H I
! <30 ms | » \. sucurrentPos
' i setPosition Z 5 .‘j Sons
[ B —" . =
' ) —_— e N 1000n
' ' - v ! e o
' ! 5<e<10 [l getPosition —
: : -
' ' I
' ' —_————— e ———————— — — — — >
' ' I
' ' I
' ' I
' ' I
' ' I
' ' I
' ' I

4
R o

Université 5 .
Lm Julien DeAntoni 54
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& 000020,

instrumenté

Génération de code ] — )

Code source

Exécution

[ Rétro-ingénierie ]

Réconciliation du code

et analyse des différences
(spécifié vs observe)

1§ i —— [ Rétro-ingénierie
Modeéle des traces des traces

temporelles observés

Traces au format OTF

1 Université 2 i
oo WI NRIA |an Julien DeAntoni



¢ P rO C e S S U S RT' S i “Clock instant” must be monitored at runtime

UL

M~ARTE . <.
- (CPERC.

; Génération de code ] S —

instrumenté

. 7C C S L Code source & ﬂo GG‘%‘

—— —

SpeCificatiOn “ \ Exécution
= [ Rétro-ingénierie ]

du code

Réconciliation
et analyse des différences
(spécifié vs observe)

)

S . .

J ‘ [ RétrO'ingénierie
Modeéle des traces des traces

temporelles observés

Traces au format OTF

- 1 Université o f
&oeo W INRIA Inici Julien DeAntoni



Pocessus RT-Simex

UL
M RTE

instrumenté

— [Génération de code ] ; _j )

.7.
CCSL

specification ’\
- [ Rétro-ingénierie ]

Réconciliation
et analyse des différences
(spécifié vs observe)

For a specific platform, this is a total order..

I £\ 0000g,

Exécution

du code

Modele des traces
temporelles observés

Q \[CJI\:;\D W[ N R. I A ﬁ::zf‘m ANTIPOLIS

ReEtro-ingeénierie

Traces au format OTF

Julien DeAntoni



Pocessus RT-Simex

UL

e IFI ~— [Génération de code] — _j )

instrumenté

. 7C C S L Code source L& QO@G%;

!

SpeCificatiOn - \ Exécution
= [ Rétro-ingénierie ]

du code

Réconciliation
et analyse des différences
(spécifié vs observe)

For a specific platform, this is a total order...
For two communicating platforms, T
the traces are multi-clocks and must be i
Synchronized... The result is a partial order

Traces au format OTF

Julien DeAntoni



Pocessus RT-Simex

uvL(D
M RTE

i FI —— [Génération de code] — _j )

instrumenté

. 7C C S L Code source L& QO GG‘%YQ\‘

l

SpeCificatiOn - \ Exécution
= [ Rétro-ingénierie ]

du code

Réconciliation
et analyse des différences
(spécifié vs observe)

If simulated, it replays the execution...

=

Modele des traces
temporelles observés

WDoo BIINRIA Julien DeAntoni



Pocessus RT-Simex

UL
M~ RTE

o-
CCSL
specification ’\

Réconciliation
et analyse des différences
(spécifié vs observe)

instrumenté

If simulated it replays the execution...
So you can have a timing diagram,
animate the model and so on.

— [Génération de code ] ; _j )

7 (GRS
Code source L& QOGG%Q
|

Exécution

Rétro-ingénierie
du code

Traces au format OTF

specification

Do BIINRIA

Julien DeAntoni



A specification and the actual execution

*UpdateControl timing activity(Activity UpdateControl) £2 ‘

=g
§ ! 100 ! 200 ! 300 ! 400 ! 500 ! 600 ! 700 ! 800 900 ! 1000 ! 1100 ! 1200 ! 1300 : Palette [
S NCEC R
(= Timed Constraint @
{1} [95 onms ... 105 on ms] {1} Periodic
o i UpdateControl {t} Execution Time
o
- {1} Deadline
. [® getGoalPosition | | (@ getPosition | (@ proportionalLaw 4 ,  (®SetMove
_ - —+u myPosition %
(_/ —o myGoalposition H H"“ this H—)n B MoV ]_)b
o A J € p 4 €
R | | | |
| {t} [40 on ns ..50 on ns] |
{t} 1100 0on ns .. 200 on ns]
° 2
o
m
...... &
(<] B
|Z/ *Timing Behavior Analysis(Activity UpdateControl) 52
r
L 3
UpdateConirOl 0. 107 8072500000001 0.2 EMICTANEARE 001023133 0502099788 0.6 0 OEEEEm 001 0.701536868 0. 80004 38560000001 1] 1000476885 1,100 THEESTERER00 1 TR
X Period = 246,256 ms X Period = 44,071 ms  { Period = 99,863 ms X Period = 99,729 ms
. » +—p ,———Pp
X Peri:%= 3,692ms 4
L
Enter 1.07889T25EE DOTEIESZEER. 019084 13EE S5.0177T1168EE 6.0149979TEE T.01236T13EL 8.00016922E8 9.00881373E8 1.000449536E9 1.100192261E9 1.199898551ES
L w k.
Leave IGSTERORBEER 01924133EE 5.02000743EE 6.0171846E8 T.01548668EE B.00044B56ER ‘0.00DE0EZEER 1.0004TEABSED 1.10021686BED 1.19002476ED
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" Processus RT-Simex

CCSL
assertions You can simulation both together to
CCSL see if a violation occurs

specification
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Sirasema oo

" Processus RT-Simex

You can simulation both together to
see if a violation occurs

Violation of “Clk3b isSubClockOf clk3”
1_|' I Igﬂ%' I
- | | ﬂl
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Conclusion

Two uses of CCSL:

> A formal language to specify MoCC explicitly
within a model,
— MOCC library construction,
— No hidden rules or implementation
— Directly linked to the model

> A formal language to specify real-time
properties AND to check the correctness of
a specific implementation
— Possibility to specify construct for a specifict domain,

— Possibility to change the rolle of a CCSL model, from
specification, to assertion.
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” Some future ongoing works

Heterogenenous systems

— Clocks and CCSL are a way to explicitly glue various
MoCC

Use of CCSL for Power Domain

Add of user defined simulation policy
— EDF, RMA and all you can imagine (use of back-end)

Optimization of the TimeSquare solver
— Optimize BDD depending on clock domains

Instant refinement |
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Heterogenenous systems

— Clocks and CCSL are a way to explicitly glue various
MoCC

Use of CCSL for Power Domain
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