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Overview of the UML MARTE profile
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Specific domain: Real-Time & Embedded Systems

Concepts Software engineering
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MARTE Time Model : multiform time

Time is an explicit model element in MARTE
Multiple independent TimeBases
Partially ordered set of instants

Access to time = Clock
Chronometric clock — "physical " time; units={s,ms,us,...}
Logical clock — any repetitive event; units={tick}
physicalUnits

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

The ignition control system of an automotive engine
Characteristics

requirements (deadline, multi-event
triggers,...)

precisely the instant where the spark plugs
of an engine should be fired

are applied (knock, warm up and
temperature)

Natural referential: angular position of the crankshatft
— logical clock: crkClk, camCrk

Other referential : engine speed, sensor acquisition
— chronometric clocks : IdealClk
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A “step by step” definition of a MARTE model (focus on
time and allocation)

Definition of logical or chronometric clocks, time refinement
Modeling of functional parts (timedBehaviour)

Modeling of hardware

Allocation phase
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Methodological aspects :
Clocks as explicit model elements (1/3)

Chronometric clock definition

gclockTypes
MyldealClockType

+ resolution; Real [1]=0.01
+ oftset: Real [1]

+ currentTime(): Real

Logical clockType definition

eclockTypes
AngleClock

+ resaolution: Integer [1]=1
+ offzet: Integer [1]
+ maximalvalue: Integer [1]

+ anglefin Integer): Integer

BN

zclocks
crkClk : AngleClock

camClk : AngleClock

eclocks

genumerations genumerations
MyTimeUnitKind AngleUnitKind
gUnits = zunits "CAM
gUnits ms gunits "CRK
gUnits us
Clock units cocks
myldealClock : MyldealClockType

resaolution =1
offset=10
maximalvalue =720

resaolution =1

offset=10

maximalvalue = 360

Instance of chronometric clock

— Université
iCB SOPHIA ANTIPOLIS

[

% iNRIA

Instances of logical clocks
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a timedBehaviour for expressing th

Methodological aspects:
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e dynamic (2/3)

act =<timedProcassing=>
Corrective Ignition Advance Control
{on=CRKSC }
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Cher-Temp
A comection

Intaia Alr Volume

Knock
Control correction

=<timadDuration Zorstrain==

[ penod = 1907 on crkCik
oifgel = lgs on crkCik

deading =l s on orkGlk }

Owver Temperature
caorrection

=<medDurationConsiram==
[paried = 10" an crkGlk
deadline =yt on crkClk)

Warm-up correction 3

Advancelys 157

‘Warm-Un
Adv corection

=<limedDuraticn Constraini==
dpenod = 1807 on crkCik
deading =l.rs an akClk §

=<timedDurationConstraint==

{ dCIACHr = deltaMin, period = 180° on crkClk, deadline =tyys on

crkClk }
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Methodological aspects :
Non functional characteristics period, offset, deadline (3/3)

Temporal characteristics attached to functions (deadline, offset,
period, WCET)

In MARTE TimedValueSpecification (Date or Duration)

= j' TimedProcessing  (From MARTE::MARTE_Foundations: : Time) ,;;:',l <¢aluespecification = mind30 tick on crkClk, MaxSamples*T on myIdealClock
=18/ alueSpecification  [0..1]  duration = <ValueSpecification = rniru:::E

#-=l Event [0..1] stark = TEwStartCkrl
+#-E Event [0..1] stop = TE_StopCtrl
=l Clock [1..*] on=[crkClk]

Possible complex duration expressions with multiple timeBases

30 tick on crkClk,
MaxSamples* T on MyldealClock

duration < MIN
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Methodological aspects :
Allocation (3/3)

Model of hardware

Structural view of hardware

Temporal characteristics of resources

ECU
32 bit 8-bit
Microcontroller ——— DPRAM Microcontroller
TC1766 xcB66
«eq_allocated» ASIC
Micro Second Bus (Signal
conditionning)

«clockType»
«computingResource»
TC1766

«clockType»
«computingResource»
Xc866

Resolution: Real =125 107'°

Resolution: Real =107

«clockType»

«communicationMedia» «storage»

Micro second bus

«clockType»

DPRAM

Allocation of functions onto the resources
A new timed value attached to functions : WCET
WCET depends on the physical resources (CPU ...)
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From model to analysis
Time refinement
Schedulability analysis results applied to models
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From models to Scheduling analysis :

time refinement (1/2)

Relations between clocks : Clock constraints
Clock Constraint Specification Language
Two expressions in the example
camClk = crkClk filteredby 0b(10)

crkClk isPeriodicOn myldealClock period 1/RPM*6

A common notion of time for scheduling analysis

3 functions/tasks

Knock Qver Temp Wam-up
WCET (on TC1766 inms) 0.5 0.2 0,2
Period(°CRK - mts) 180 -6,60 180 -6,60 180 -6.66
Offset date (°CRK - ms) 24 -0,8SS 0-0f 0-0
Deadline date (°CRK / ms) 50-—1.851 50— 171,857 S50 - 171,851
Deadline duration (*CRIC / ms) 26—-0.962 50— 71,851 50—-1.851

v

Temporal characterization of functions
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From models to Scheduling analysis :
schedulability analysis (2/2)

Assumption

RTOS compliant with scheduling analysis policy (preemption
allowed)

WCET integrates OS overhead

Scedulability of tasks Deadline Monotonic algorithm

", WCET, - _ _ _
— <n| 2" -1 |with Deadline, < Period.
. Deadline

Results :

Tasks are schedulable with a nominal RPM (engine rotation
speed) of 4500 but are not schedulable with a RPM=6000
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Conclusion

Some methodological aspects on
Using MARTE profile for a high level modeling of time
Definition of the main temporal characteristics of functions
Integration of physical time (hardware)

From models to scheduling analysis

Temporal characteristics and tasks as inputs for scheduling
analysis

Applying some fundamental results of RT analysis

Ongoing & Future works
Simulation of MARTE models (focus on clocks)
Model transformation from MARTE models to SynDex
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links

More information about us : AOSTE research team
www.inria.fr

MARTE web site www.promarte.org
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