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uMLD Introduction
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From antiquity to nowadays
* Several models of time (philosophy, religion, science)

In Real-time and Embedded Systems
* Multiple time domains (multicore, NoC, low power)

* Highly heterogeneous: unify multiple models in a single
framework (MoCC)

= Theory of tag systems [Lee & Sangiovanni-Vincentelli)

In MARTE

* Simple mechanisms to deal with “classical” time issues
e Advanced mechanisms to build your own MoCC

Reference MARTE Tutorial — November 2007 — Version 1.0
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= SPT, UML 2 and Time
 UML::CommonBehaviors::SimpleTime

= the MARTE Time domain view
e a.k.a.the MARTE Time meta-model
e Concepts and relationships

» the MARTE Time sub-profile
e a.k.a. UML view

= Usage of the Time sub-profile
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UMLED UML profile for Schedulability, Performance, and Time (SPT)
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OMG UML profile formal/05-01-02 (v1.1)

Reference MARTE Tutorial — November 2007 — Version 1.0

Based on UML 1.4

Dealing with time and resources

To be aligned to UML 2

Quantitative time information

Concepts
e |nstant, duration
e [Event bound to time, stimuli

Timing mechanisms & services
CeD Rist THALES

Metric time
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UML2 adds to represent
 Time (TimeEvent)
e Duration
* Observation: TimeObservation and DurationObservation
 Some forms of time constraints

(even simplistic) model of time

Advice: Use a more sophisticated model of time provided
by an , If needed. [UML superstructure, chapter

13] —

e.g., MARTE

Reference MARTE Tutorial — November 2007 — Version 1.0
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= the MARTE Time domain view

Reference MARTE Tutorial — November 2007 — Version 1.0

* a.k.a.the MARTE Time meta-model
* Concepts and relationships

= the MARTE Time sub-profile

e a.k.a. UML view

= Usage of the Time sub-profile

e Riast THALES

Overview

O

Domain
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Time structure =

set of time bases + time structure relations
— Partially ordered set of instants

Access to time = Clock

Principle: associate Clocks with model elements
* Behavioral elements — TimedEvent, TimedProcessing
e Constraints —» TimedConstraint
» Data types and values — TimedValue

cen Rist THALES Bl ~NRIA
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O

Domain
0..1 parentMTB
0.*
tsRelations
subMTB MultipleTimeBase o o TimeStructureRelation
1 ® .
MultipleTimeBase = |~ Z%
set of TimeBases +
H|erarch_y + TimeBaseRelation _—| Relationships over
Constraints TBs
0..* memberTB
* 2.F
% TimeBase
ownedTB { union, ordered }
{ subsets memberTB } IrelatedTB
1 base TimelnstantRelation
1.% { ordered } 1 currentlnstant \
instants
" tant Relationships over
nstan 2. instants of different

TimeBase = date: Real /rela'tedlns(tjantsd TBs
oset of instants { union, ordered J

Reference MARTE Tutorial — November 2007 —
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Units associated with
a clock

TimeBase

1

O

Unit

timeBase

acceptedUnits

Clock

Domain

defaultUnit
{subsets
acceptedUnits}

1.*

nature: TimeNatureKind
resolution: Real=1.0

currentTime: Real

maximalValue: Real[0..1]

Event

clockTick

0..1

Event occurring at
each clock ticking

CGSON ¥ ¥

THALES

0..1

<<anumeration==
TimeMNatureKind

discrate
densea

Access to the time
structure

Access to Time: Clock

10
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Chronometric/Logical Clocks

Two kinds of clocks

Implicit reference to

physical time

referenceClock

ChronometricClock

0.1

standard: TimeStandardKind [0..1]
stability: Real [0..1]

offset: DurationValue [0..1]

skew: Real [C..1]

drift: Real [Q..1]

‘ /

LogicalClock

0..1 defining

Event

7/

NFPs measured against a
reference clock

CGSON ¥ ¥

THALES

PhysicalTime

vent

O

Domain

Possible reference to
a repetitive event

11
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A TimeValue has a unit
(default= clock unit)

Unit

TimeValue

Time Values

O

Domain

Clock

nature: TimeNatureKind

onClock

Instant

of

notedlnstant

InstantValue

lower

1 upper

—_

—_ r

min 1 max

Timelnterva/

0.*

TimelntervalValue

denotedTimelnterval

A TimeValue must
reference a clock

/

CGSON ¥ ¥

isMinOpen: Boolean [1]
isMaxOpen: Boolean [1]

1

DurationValue

THALES

intervalValue

Instant/Duration two
distinct concepts

Bl iNRIA
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The unifying concept: a TimedElement = a ModelElement + a Clock [®);

Domain

ModelElement

/\

on
TimedElement T Clock

Reference MARTE Tutorial — November 2007 — Version 1.0
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Timed Entities: TimedEvent

occurrences

CoreElements::
Causality::
RunTimeContext::
EventOccurrence

0..* | occSet %

TimedElement

SimultaneousOccurrenceSet

TimedEventOccurrence

0..1

1..* at

InstantValue

events

O

Domain

TimedElement

Event

-

-

TimedEvent

isRelative: Boolean
repetition: Integer [0..1]

1 when 0.1

every

Provision for
simultaneity

CGSON ¥ ¥

THALES

TimeValueSpecification

/

DurationValueSpecification

Facility to specify
multiple occurrences

/

Bl iNRIA
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Timed Entities: TimedProcessing

CoreElements::
Causality::
CommonBehavior::
Behavior

?

TimedBehavior

0.1 | duration

DurationValueSpecification

CoreElements:: CoreElements::
Causality:: Causality::
Communication:: CommonBehavior::
Request Action
TimedMessage TimedAction
V Delay
TimedProcessing
start | 0..1 finish | 0..1
Event TimedElement

CGSON ¥ ¥

THALES

O

Domain

Bl iNRIA
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the MARTE Time sub-profile
* a.k.a. UML view

Usage of the Time sub-profile

e Riast THALES

Overview

UML

B iNRIA 16
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Central stereotypes: ClockType & Clock

Chronometric clock — "physical " time; units €{s,ms,us,...}

Logical clock — any repetitive event; units e {tick} U PhysicalUnits

e Accepted units
e Default unit
O..

Stereotype properties:
Special semantics

o
+ optional
e set of properties
e set of operations

CGSON ¥ ¥

nature
S discrete dense
isLogical
ﬁ true sogical Not used
clock
Chronometric clock
false
discrete | dense
THALES Bl ~NRIA 7
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Clock and TimedElement

« metaclass »
UML::Classes::Kernel::
Package

« metaclass »

UML::Classes::Kernel::

InstanceSpecification

T

« stereotype »
TimedDomain

« stereotype »
Clock

« stereotype » unit

on 1..*

type

@

« metaclass »
UML::Classes::Kernel::Class

T

« stereotype »
ClockType

NFPs::Unit 0..1

« stereotype »
TimedElement

Notice that this abstract
stereotype has no base metaclass

CGSON ¥ ¥

THALES

nature: TimeNatureKind [1]
unitType: Enumeration [Q..1]
isLogical: Boolean [1] = false
resolAttr: Property [0..1]
maxValAttr: Property [0..1]
offsetAttr: Property [0..1]
getTime: Operation [0..1]
setTime: Operation [0..1]
indexToValue: Operation [0..1]

Bl iNRIA
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»Dedicated Language:

"Clocked Value Specification Language (CVSL) @)

« stereotype »
TimedElement

]

« stereotype »
TimedValueSpecification

LML

interpretation: TimelnterpretationKind [0..1]

i

« metaclass »
UML::Classes::Kernel::
ValueSpecification

G0 List THALES

¢ either Instant
e or Duration

19
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Examples of Clocked value expressions

Simple time values
(value=3.5, unit=ms, onClock='idealCIk’); /

3.5 ms on idealClk; S
Homogemeous expressions

tuple, a /a VSL

short form

(value=1.5, unit=ms, onClock="idealClk’) + —
(value=150, unit=us, onClock="idealCIk’);

Can be evaluated,
because convFactor
between units

—  (value=1650, unit=us, onClock=‘idealClk’)

Heterogeneous expressions —
min (15 tick on prClk, 5 ms on idealClk);

Clock relation between
prClk and idealClk must
be provided

Additional capabilities with VSL

* Occurrence number, jitter,...
* Dbut implicitly on idealClk

Reference MARTE Tutorial — November 2007 — Version 1.0

el List THALES Bl ~NRIA
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« stereotype »
TimedElement

TimedObservation

)

UML

« stereotype »
TimedInstantObservation

« stereotype »
TimedObservation

CGSON ¥ ¥

obsKind:EventKind [0..1]

« metaclass »
UML::CommonBehaviors::
SimpleTime::
TimeObservation

<<stereotype>>
TimedDurationObservation

obsKind:EventKind [0..2]

« metaclass »
UML::CommonBehaviors::
SimpleTime::
DurationObservation

Extending the SimpleTime
Observation metaclasses

THALES

21
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Time specific languages:VSL Time Constraints

tO[i] denotes the
i-th occurrence
of

sd DataAcquisitiory

of the message:

t0: observation

constr1 = { (tO[i+1]-tQ[i]) > (100,ms) }
constr2 = {13 <12 + (30,ms) }

T

:Controller

start

c
Re]
2
o
>

|
N~
)
S
~
—
@
9
S
o
>
0
z

|
s
—_
L
=)
'_
L
'_
o
<
=
@
[&]
c
o
QL
0}
o

el

start() { jitter(t0) < (5,ms) } |

|
t0 }
!

{]t1.t1+(8,ms)] }

Q@
w

t2

@
/‘:
|
( {[d1..3*d1] }
|
I
|
;
|
\

sendData(data) { [(0,ms)..(1 O,ms)] }
|

acquire() { d1 <= (1,ms)

ack()

i s

Last

THALES

O

User

t0 is periodic,
period 100ms
with a jitter less
than 5ms

22
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<<stereotype>>
TimedElement

<<metaclass>> every
UML::Classes::Kernel::
ValueSpecification 0..1 0..1
1 when
0..1

<<stereotype>>
TimedEvent

repetition : Integer [0..1]

A

CGSON ¥ ¥

<<metaclass>>

UML::CommonBehaviors::

SimpleTime::
TimeEvent

isRelative : Boolean

THALES

TimedEvent

)

LML

Extending the

SimpleTime

TimeEvent metaclass of

23
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©)

UML
« metaclass »
« metaclass » « metaclass » UML::Interactions::
UML::Actions:: UML::CommonBehaviors:: Basi;':.lnteractions:'l
Action Behavior Message ”
« metaclass » start
UML:: 0..1 duration « metaclass »
CommonBehaviors:: o Ti;ztglgfgcti‘;esi); @ —————— UML::Classes::Kernel::
Communication:: finish g 0.1 0.1 ValueSpecification
Event 0..1

« stereotype »
TimedElement

Reference MARTE Tutorial — November 2007 — Version 1.0

Ced List THALES Bl ~NRIA

Copyright © Thales, CEA and INRIA 2007 All rights reserved, commercial use strictly prohibited.

24



Reference MARTE Tutorial — November 2007 — Version 1.0

umLD TimedConstraint & ClockConstraint
M A RTE

www.omgmarte.org

©)

LML

« stereotype »
TimedConstraint

L
v v

interpretation: TimelnterpretationKind

« stereotype »
NFPs::
NfpConstraint

« stereotype »
ClockConstraint

|

« stereotype »
TimedElement

=D Rist THALES

25
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InstantRelation

ClockConstraint

ClockRelation

? functional
? relational

CGSON ¥ ¥

strictly precedes

precedes

coincidentWith

Coincidence-based

Precedence-based

ClockNFP

Clock Constraint Specification

restrictedTo

Subclocking squal
disjoint
isFinerThan
/\ isCoarserThan
minus
inter
isUnionOf
With implicit clock
isSporadicOn
isPeriodicOn
alternatesWith
hasSameRate
hasStabilty
haveSkew
haveDrift
haveOffset
when
sampledTo

THALES

Pre-defined
Clock
Constraints

isSlowerThan

maxDrift

merge

meets Each relation
has a
mathematical
specification

26
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User

<
>
<
e

THALES

Usage of the Time sub-profile

CGSON ¥ ¥
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UML) Chronometric Clocks (1)
MARTE

www.omgmarte.org

How to specify chronometric clocks

)

User

« clockType »
{ nature = discrete, unitType = TimeUnitKind,
resolAttr=resolution, getTime = currentTime }
Chronometric

resolution: Real {readOnly}

currentTime( ): Real

« clockType »
{ nature = dense, unitType = TimeUnitKind,
getTime = currentTime }
IdealClock

currentTime( ): Real

Imported from
MARTE::TimeLibrary

An user’s defined
ClockType

Ced List THALES Bl ~NRIA

28
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Chronometric Clocks (2)

Specifying NFP of (non ideal)

chronometric clocks

« TimedDomain »
ApplicationTimeDomain

)

User

Two

instances 7

« clock »
{unit = s, standard = UTC }
cc1:Chronometric

« clock »
{unit=s}
idealClk:ldealClock

reWn =0.01

« clock »
unit = s, standard = UTC }

{
\ cc2:Chronometric

resolution = 0.01

« c‘l“ockConstraint »{ kiﬁd = required }
{ Clock c is idealClk discretizedBy 0.001;

cc1 isPeriodicOn c period 10;
cc2 isPeriodicOn c period 10;
cc1 hasStability 1E-4;
cc2 hasStability 1E-4;

cc1,cc2 ha\eOffset [0..5] ms wrt idealClk;

} /

; _—| c: local ideal
discrete clock —
1kHz

[\

Exists d such that for all k:
c[d+10*(k-1)]<cc1[k]<c[d+10*K]

= 0<cc1[k+1]-cc1[k]<20 ms

\

ms

A Non-functional property:Stability
10-0.001=cc1[k+1]-cc1[k]<10+0.001 in

Another Non-functional property:Offset

CGSON ¥ ¥

THALES

%l iNRIA 2
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How to specify logical clocks:
1) Start with a standard UML class diagram

Explicit model elem

Diagrams

not usual in Class

ents

Logical Clocks (1/4)

)

User

\
«opaqueExpression» «timeEvent»
pidCode tev
1 | beh
0..1
Controller 0..* 1 Processor
ctrls proc

period:NFP_Duration

Period of the PID

type

controller: uses a NFP-

CGSON ¥ ¥

THALES

resolution:Real
inLowPower:Boolean

A Voltage-Scaling processor.
Assume 2 frequencies for
simplicity

Bl iNRIA

30
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.0

2) Apply MARTE stereotypes

The pid code is
triggered by tev and
takes 45 cycles of
Processor

«timedProcessing»
{ on=pr, start=tev,
duration=45}
«ap-allocated»
«opaqueBehavior»

Reference MARTE Tutorial — November 2007 — \ersion 1

CGSON ¥ ¥

pidCode
1 | beh «al’loca\te»
0..1
Controller 0.* 1
ctrls proc

Logical Clocks (2/4)

)

User

pmmercial use strictly prohibited.

«timedEvent> ——— | Fyant tev is periodic on

{ isRelative=true, when=0,

on=idealCIk, every=period } ideaICIock, the period is

«timeEvent»
tev

the value of the
controller’s attribute

period:NFP_Duration

«clockType»
«ep-allocated»
Processor

resolution:Real
inLowPower:Boolean

THALES

The class Processor is
stereotyped by
ClockType

Copyright © Thales, CEA and INRIA 2007
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M- RTE

www.omgmarte.org

3) Instantiate user's model elements

)

An with an instance of Processor User
supporting two instances of Controller

ctrlinst
c1:Controller . c2:Controller
pr:Processor
period=(value=1.0,unit=ms) resolution=1.0 period=(value=2.0,unit=ms)
«clock»
idealClk:IdealClock

Each controller instance

has its own period

Reference MARTE Tutorial — November 2007 — Version 1.0

CGSON ¥ ¥

THALES
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Logical Clocks (4/4)

4) Introduce clock (by stereotyping)

ctrlinst

O

User

This insta

as a logical clock

nce of Processor is used

c1:Controller

/

period=(value=1.0,unit=ms)

«clock»
idealClk:ldealClock

«clock»
pr:Processor

c2:Controller

resolution=1.0

period=(value=2.0,unit=ms)

«clockConstraint» mainCIkCtr
{ Clock c is idealClk discretize

pr = c filteredBy 0B(1.0*19) if pr.inLowPower;
pr = cfilteredBy 0B(1.0"9) if not pr.inLowPower; }

dBy 1E-6;

CGSON ¥ ¥

This clock constraint binds processor
clock cycle to physical time, taking
account of the power mode

THALES

Bl iNRIA
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Automotive application

Multiform time (1/4)

Another example of logical clocks

For ignition and injection, the position of the camshaft or the crankshaft is a

III

“natura

reference frame for events and behaviors.

=> Define logical clocks dealing with angular positions.

\

Note the possible use
of an OCL rule

{ context AngleClock::angle(k:Integer): Real;
angle = ( offset + (k — 1) * resolution )
rmod maximalValue }

N

—(3) optional
( define the labeling )
~__ function -~

N\

-~ /(2) define a cIoéR\;——

« clockType »

{ nature = discrete, isLogical,
timeUnit =AngleUnitKind,
resolAttrib = resolution,
offsetAttrib = offset,
maxValAttrib = maximalValue,
indexToValue = angle }
AngleClock

N type

resolution: Real
offset: Real
maximalValue: Real

angle(k:Integer): Real

« enumeration » |
AngleUnitkind | —

/ (1) define a set \6\1‘\\\

<<unit>> °CAM
<<unit>> °CRK

\ units /’

« clock »
{unit=°"CRK}
crkClk:AngleClock

resolution =1.0
offset = 0.0
maximalValue = 720.0

« clock »
{unit=°"CAM }
camClk:AngleClock

-
( (4) instantiate clocks)
N S

resolution = 1.0
offset = 0.0
maximalValue = 360.0

CGSON ¥ ¥

THALES

Bl iNRIA

User

34
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UML) Multiform time (2/4)
M/ RTE
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Example of usage of an “AngleClock” @

User

Reference to a (logical) clock, the
unit of which is °CAM (elsewhere
defined)

Stereotyped State Machine.
Makes reference to a Clock

stm <<timedProcessing>> 4Strok}E{gineCycle
{on = camClIk }

A transition Semantics:
N after 90 N : 90 °CAM after
.H[ Intake ] > Compressmlg/ entering state
Compression leave
after 90 after 90 this state and enter
A trigger state Combustion

[ Exhaust j(

( Combustion }
after 90 L

Ced List THALES Bl ~NRIA
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Another example of usage of an “AngleClock™:
Enhanced timing diagram used in specification @

User

— I 7 State _—

</ Timing diagram > f\qverlappiry\ / Extension to logical time/)
~ \

sd « timedProcessing » 4StrokeCyc
{on = crkClk }
t + [40..60 \
: . { FBDC [ ]|} \ { totoe -\\[10..16] } .
| | | |
| | \ |
o Intake I ! @tsepc ! :—:
- |
c | 10
2 C ression | | !
= om ! !
2 P @torpc SBDC @towc \
| FBDC i |
S Combustion | I OTIDC
2 oTDC -
o { toroc +[5..20] } | { tsanc- [45..60] } |
= -~ | | N o
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Combining logical clocks:
ck is an AngleClock used to specify the ignition of a cylinder
c is the clock used to specify ignitions in a 4-cylinder engine

Multiform time (4/4)

« clock »
{ unit = °CRK}
c1:AngleClock

« clock »
{unit = °CRK}
c4:AngleClock

resolution = 1.0
offset = 0.0
maximalValue = 720.0

resolution = 1.0
offset = 360.0
maximalValue = 720.0

« clock »
{unit=°"CRK}
c2:AngleClock

resolution = 1.0
offset = 180.0
maximalValue = 720.0

« clockConstraint » N
{c1=c2;c2=c3;
c3 =c4; cd4 =c1;

c isFinerThan c1; }

« clock »
{ unit = °CRK}
c3:AngleClock

« clock »
{unit = °CRK}
c:AngleClock

« enumeration »
AngleUnitKind

°CAM
°CRK

resolution = 1.0
offset = 540.0
maximalValue = 720.0

resolution = 1.0
offset = 0.0

These values are not
imposed, this is an
arbitrary (but rather

_| natural) choice. Any clock

finer than c1,c2,c3,c4 is
allowed

maximalValue = 720.0
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