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Different types of clock

 ClockType extends Class
— logical/chronometric, discrete/dense
— unitType: Enumeration (set of acceptable units)
— Labelling function (to any domain, even continuous)

e Tagged Signal Model => comparison of Models of
Computation and Communications (MoCCs)

o Support multiform time and multiclock systems



Set of related clocks

e Clock extends Property/InstanceSpecification
— Conform to a given ClockType
— one unit

e TimedElement

— Elements (Event, ValueSpecification, Observation,
Constraint) associated with one or several clocks

e TimeStructure
— Set of a priori independent clocks
— Set of instant/clock constraints

» Partial ordering of instants: concurrency/trace
theories



Two Intended usages

 For end-user
— Use clocks from a predefined library

— Apply constraints

 The Clock Constraint Specification Language
gives a OCL-like (declarative, non causal) syntax

e Could use SysML parametric diagrams

e For MoCC designer
— AADL, Synchronous/reactive, AutoSAR, ...
— Use advanced topics



MARTE Clock Constraint
Specification Language

* Coincidence-based constraints (synchronous)

— Subclock (less frequent than)
e Equality
* Restricted to (according to a predicate)
* Filtering (according to k-periodic patterns)

 Precedence-based constraints (asynchronous)
— Precedence, alternation, speed

e Mixed constraints
— Sampling, watchdog, ...



CCSL semantics

A = B sampledOn C (A=B § C) <
(Va € N*)(3b,c € N*)((Ala] = Clc]) A (Cle — 1] < B[b] < Clc]))

* Defined outside of the OMG Specification
— INRIA Research Report RR-6540, RR-6545
— Is there a place for that kind of information ?




CCSL / Signal / Time Petri Net

e Signal and its Eclipse-  Time Petri net
based implementation
(SME)

process strictlySampledOn = = e
(? eventinp, clk ! eventoutp ) = P N
(I ¢ "= zc "= inp "+ clk N ,l_.( )
| zc ;= c$ init O 1) |_>4
1 tB !

| ¢ := 1 when clk when inp
default O when clk
default zc+1 when inp

| outp := when zc/=0 when clk '
|) where integer c, zc end,; e

pC

[1.1]




lllustration: Easter

“Easter Day Is the first Sunday after the
14" day of the lunar month that falls on or
after March 21t (nominally the day of the
vernal equinox)”

 There are (logical) clocks hidden in the
specification: sequence of days (Days)
* There are also clock constraints:
—Is (=), after (>), on or after(>=)



Library of CCSL constraint blocks

bdd [package] EasterComputatiory

« clockType »
{isLogical, nature=discrete}
Days

« constraint »

SubClock

origin : NFP_DateTime

constraints

{ {CCSL} sub isSubclock super } *

sub : Days

super : Days

parameters

Easter

week : Integer

offset : Integer

fullMoon : Integer

« clock » days : Days

« clock » easterDays : Days

« clock » newMoons : Days

« clock » vernalEquinoxes : Days
« clock » fullMoons : Days

« clock » sundays : Days

« constraint »
StrictSampling

constraints
{{CCSL} sub = trigger
strictly sampledOn super }

parameters
trigger : Days

« constraint »
Sampling

constraints
{{CCSL} sub = trigger
sampledOn super }

parameters
trigger : Days

« constraint »
Periodic

« constraint »
Timer

constraints
{{CCSL} sub isPeriodicOn super
period=P offset=5 }

constraints
{{CCSL} sub = trigger
delayedFor & on super}

parameters
P : UnlimitedNatural
o : UnlimitedNatural

parameters
trigger : Days
4 : UnlimitedNatural




Parametric Diagram with CCSL
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Analysis Tool

e Give one acceptable solution conform to
the set of constraints
— Result in GTKWave

— Value Change Dump (VCD) format, part of
the IEEE specification for Verilog-HDL

— Could be adapted to UML Timing Diagrams

sssssss
DDDDDD

DDDDDDDDD
FullMoon.O |2
“WEquinox.0
oooooooooooo
SSSSSSSSS
EEEEEEEE




Automotive example: knock

Instantvalues | 4) (05 (1.0) (1.5) (2.0) (25)
(° CRK)
1 2 3 4 5 6
O O O O O p crkClk
Comeicence I I camClk isPeriodicOn crkClk period=2
@, @, p camClk
Instant val 1 2 3
nstant values
 CAM) (0.0) (0.5) (1.0)
act << act << act <<timedProcessing>> KCtrl ‘
{on =crkClk }
] > O
stm <<timedProcessing>> 4StrokeEngineCycle
{on =camClk } )
after 90
AF | RPM H Intake _. . Compression
AW : . ) . J
after 90 after 90
KI —— : Exhaust Combustion |
RPM — after 90 J
——
KS ﬁ KSA
) KWE
AF: Air/Fuel Re
K Spodkmer KAW: Knock Acquisition Window  KWB: Knock Window Begin

KS: Knocaiaa: Basic Igr KWE: Knock Window End KSA: Knock Signal Acquisition



UML Timing Diagrams for results

sd <<timedProcessing>> 4StrokeCycle ‘

{on =crkClk }
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| @trenc —~ / | | : |
[ [ : [ [ [
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H |
IC | | 10
. [ [ 1
Compression @toroc | SBDC @toroc \i
FBDC i |
Combustion | ' o'rlnc
OTDC .
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-~ | | N |
Exhaust l—fr : ITDC : |
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} } + t }
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crkClk: crankshaft Clock
°CRK: degree crank

TDC: Top Dead Center
ITDC: Ignition TDC
OTDC: Overlap TDC

BDC: Bottom Dead Center
FBDC: First BDC
SBDC: Second BDC

IC: Intake closes
|O: Intake opens
EC: Exhaust closes
EOQO: Exhaust opens




