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Agenda @
—

MARTE fosters model-based design of real-time and em  bedded
systems in Thales

» Why we need a UML profile for Real-Time and Embedded
» Involvement of Thales in the definition of MARTE
» Case study: a generic Flight Management System

» Applying MARTE to design a generic FMS
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Why we need a UML profile for RTE @

UML is emerging as a possible solution to

address the Real-Time and Embedded domain
» Alarge audience in the Software Engineering community

» Extension capabilities through UML profiles (e.g. SysML)
» But lacks key notions to fully address RTE specifics (time, resource, scheduling)

Previous attempts to adapt UML to the RTE domain
» Academic initiatives
» Commercial tools: ARTISAN, Rational Rose RT, Rhapsody (Real-Time UML)
» UML profile for Scheduling, Performance and Time (SPT)
» The first OMG adopted specification in this domain
» Defines annotation mechanisms to perform quantitative analysis
» Required major improvements over time

Extensions to UML 2 are required to deal with modelin g and
analysis of Real-Time and Embedded systems
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Involvement of Thales in MARTE @

&

Thales operational Experiment Experiment
needs feedback feedback + Issues
CARROLL
Request For Proposal Initial Submission Revised submission Finalization
definition adopted by TC Task Force

v ' Y ¢I

02 /2005 10 / 2005 06 / 2007 Today
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First experiments on Experiments on Next steps:
software design platform modeling Deployment of MARTE
+ Application to Systems
.ASLS-EEM“:"Q Scheduling analysis Engineering
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The case study: a generic FMS (1) ©

A software-intensive avionics system
» Automated navigation (guidance for related devices: AP / FD / ATH)
» Lateral and vertical trajectory optimizations
» Fuel consumption and forecast
» Flight data display

A safety-critical, hard-real time, embedded system
P Strict latency on processings and communications
P Strict jitter constraints
» Dimensioning of buses, FIFOs and CPU power
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The case study: a generic FMS (2)

MARTE Information Day — Burlingame, CA — 12/12/07

(o]

DATABASE
DATA > AC DATA Tce
LOADER " | NAVIGATION ATM > .
> DA ENGINE AERODYNAMICS | CONDITIONS
FCC
 / VERTICAL
> GUIDANCE
FLIGHT
CDhuU > PLAN PERFORMANCE ¢
SGU EFIS
A T A DISPLAY
] - MAP
VOR (§|§ A A
IRS . NAVAID
P AC LOCATION MNGT Fee v
DME LATERAL
GUIDANCE
A —
Cost A
FMS block diagram
Total cost
ECON CRZ SPD
Tic Min
I
o T cost ! Fuel cost
o® VNAV PTH |
& ;
VNAV PTH 0000 ! Time
02 ! function
29 |
VNAV SPD j o 0NTS < VNAVSPD |
122 |
ACC HEIGHT ——* :
VNAV x | UNABLE NEXT ALT ! =
ENGAGEMENT__ V% ! >
i Speed econ Speed

CROSS ACC CROSS BCD
ABOVE 4000 AT 6000

CROSS CDE
ABOVE 18000

Lateral and vertical navigation

Fuel consumption / cost index

Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet
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4¢ Tool support @

Early experiments of MARTE required to develop
our own tooling

» MARTE profile implemented in various UML tools
(Rhapsody, IBM RSA, MagicDraw)

» Value Specification Language (VSL) editor consolidated from Papyrus
» RapidRMA gateway developed for model-based scheduling analysis

Tools integrated through Eclipse / EMF / UML2

Implementation of MARTE for RSA available in open so  urce (EPL)
» OMG MARTE web site: http://www.omgmarte.org
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: Experimentation highlights @

=» System context definition
P Use case overview
» Time constraints on performance scenarios
» Types and units

System design

» Logical decomposition (structure, behavior)
» Physical decomposition (resources)

» Allocation

Scheduling analysis
» Building scheduling analysis model
» Validate system scheduling with RapidRMA
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Context and use cases
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Context and use cases @

InertialReferenceSystem

ResetIRSLocation

ComputeLocation

Pilot

LocateNavaids :
RadioNay

LocateAC

Navigation use cases
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Time constraints on performance scenarios @

']1_Compute Location From IRS and Navaids Diagram

% irsL:InertiaReferenceSystem % irs2:InertialReferenceSystem % irs3:InertiaReferenceSystem £ fmc:FlightManagementComputer % radic:Radiohav % pilot:Pilot

1: setLocationFromIRS
Blotariobs

UML::TimeObservation
with MARTE stereotype Blstartons

1: setLocationFromIRS

a1 1. setlocationFromIRS
BtetartObs

1: setLocationFromiavaids

navaids in range
«TimedConstraint: [ oel

{(s5topObs - startObs) < (50.0, ms)}

(1 1 getACLocation
«TimedConstraint:»
{(startObs[0] - startObs[1]) < (50.0,ms)} 2: getACLocation @lstopobs
MARTE TimedConstraint
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using the VSL language
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Types and units @
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1 - = FlightPlan "
airport i
. .E.Alrpnrt. departur [Cg hame : String
Eglocation : Location - depal ture Eg departureHour : NFP_DateTime - flightplan
[Egname @ String 1% * | g estArivalHour @ NFP_DateTime 1
1 - *
- alternative
1 *
1
| Aircraft
1
[Eg identifier : String * _route 1 |- sid
Cg type : 5tring -ac
Eg categary @ String —=/Route
prasisbepmantasy StIiNg [Eg name : String 1
| weight : NFP_Mass . 0.1 g altMin : NFP_Length
T e ation T next Eg altMax : NFP_Length - star
(g speedMin : NFP_\elo... “NfpTypes «NfoType»
EéspeedMax  NFP_Wel... NFP_Velocity NFP_Mass
* [ unit : VelocityUnitkind (S unit : MassUnitkind
[ precision ; Real g precision : Real
0.1
. . “enumeration» wenumerations»
Example of a domain model with MARTE types & VelocityUnitKind ) MassUnitKind
= «lnit» mys = «Unit» g
= «Unit» kg
=1 aldnits t

User-defined types and units
that extend the MARTE Library

Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet I H A I E s



Using types and units in VSL expressions @

£ cdg : Airport
Egname = Roissy Charles de Gaule (CDG)'

- departure
+] AFG080 : Aircraft ac £ FlightPlanInstance : FlightPlan
Eg weight = (value=10.0, unit=t) Egname = 'COGIRK
Eg departureHour = (value=#11:27:00#)
[Eg esthnivaHour = (value=#02:00:00#)

-arrival
+] jfk : Airport
Cgname = Mew York JFK (JFK)' - alternative

+Jlga : Airport
Egname = Mew York La Guardia (LGA)'

Units and types used along with value specification S
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: Experimentation highlights @

System context definition
P Use case overview
» Time constraints on performance scenarios
» Types and units

=» System design
» Logical decomposition (structure, behavior)
» Physical decomposition (resources)
» Allocation

Scheduling analysis
» Building scheduling analysis model
» Validate system scheduling with RapidRMA
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Logical decomposition (structure)

=

Diagram Description

Version: 1.0

Description: Describes the internal structure of FMC

Completion status: 100%
Reference: M4
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Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet
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Logical decomposition (structure)

®©

Diagram Description

Wersion: 1.0

Description: Describes the interfaces of the location component
Completion status: 100%

Reference: MNfA

= Location

«FlowPorts if : IRSInterface

+«FlowPorts acLocation ; CurrentACLocation

«FlowPorts radio ; RadioMavInterface

Flow-related concepts inspired from SysML

MARTE Information Day — Burlingame, CA — 12/12/07

Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet

«FlowSspecification:
IRSInterface

(g «FlowProperty» irsInputl

: R TaTaT=Ta irsOuputl
1 <Flowproperty firsInput2
B CHOWETOPE Ty ISOUtput
=2 «FlowProperty» irsinput3
g «FlowProperty» irsOutput3

«FlowSpecification:
= currentACLocation

= «FlowPropertys acLocation

«FlowSpecification:
[Z] RadioNavInterface
g «FlowProperty» vor
g «FlowProperty» dme
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: Logical decomposition (behavior)  (©

»LocationStates
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: Logical decomposition (behavior)  (©

iz Computel ocationIRSNavaids

irsIrd wiof
_ «TimedProcessing: «TimedProcessings: :
| ) ComputeMixIRS &2 ComputeR adiol ocation
Irsltie droe
irsIng
. . «TirmedProcessing: acLocation
irsotL «TirmedProcessing: @ CompUteACLocaton
i o CorrectIRSYalue
irsCIt2

<<TimedProcessing>>
— {on=idealClk
duration=(100.0, ms)}

irsCOut

IRSOffaet
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Timed processings (with a duration) in an activity d lagram

Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet I H A I E s
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Physical decomposition (hardware) @

OBRM1 OBRMZ2

= mmGs

Diagram Description

Version: 1.0

Description: Describes the internal structure of FMC
Completion status: 100%

Reference: Nf&

p— S i——
: _ = = g
2429 p‘lg |- iocard : E c-mainCard ;: MainProces... - dbCard : Database... i apCard © . e fdCard E ceo: athCard E [+ power : E

Power POWET

Flight Management Cards

LS8 =i E— ) = T 2 B BackplanePin BaclkplanePin BackplanePin BackplanePin
PFinQ Finl Pin2 Pin3 Pin4 Ping PowerPin

H

— backplane ; Backplane

Top-level decomposition of the Flight Management an  d Guidance Computer

Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet I H A I E s



: Physical decomposition (hardware) @

| MainProcessorCard

Diagram Description

Wersion: 1.0

Description: Describes the internal structure of the main processor card
Completion status: 100%:

Reference: MA

<<HWRAM>>
- . -
{_addre_ssS|ze—(16.0, bit) Cram : RAM_A <<HWBUS>>
isStatic=(false) {addressWidth=(16.0, bit)
memorySize=(1.0, MB)} bandwidth=(400.0, KB/s)}
il ePin Backpl o
5 —bus : Bus_A E
§| Pin0Q Pini
6 .
- e Euelic
£ LISFIN
é’ OBRM ceescpu s CPUA E
c% CBR i obrm : OBRMPort
é <<HWROM>> <<HwProcessor>>
£ {addressSize=(16.0, bit) {architecture=(16.0, bit)

N
o

Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet I H A I E s



Physical decomposition (software artifacts)

SCOMmponeEt: «Component: “COmponets €COMponent:
= |FlightMgt_Swy = |Com_Stack = |Monitoring = |Rel_Services
wpllocates
wpllocates
Application
pp catio whllocates
HCOMPONErt:
= |ARINCG53
apllocates:
i whllocates «hllocates
Operating System  «alocate»
«HwCamputingResouros: «HwCarmputingResouross: <<_HWIO>>
= MainProcessorCard = DatabaseProcessorCard [~ IDCard

Hardware Platform
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: Experimentation highlights @

System context definition
P Use case overview
» Time constraints on performance scenarios
» Types and units

System design

» Logical decomposition (structure, behavior)
» Physical decomposition (resources)

» Allocation

=» Scheduling analysis
» Building scheduling analysis model
» Validate system scheduling with RapidRMA
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| Scheduling analysis (workload) (©

<<SaEnd2EndFlow>> <<SaEnd2EndFlow>>
i Workdoad_SCENARIC a1 2endD=(380.0, ms)} {end2endD=(200.0, ms)}
«SaEnd2EndFlows «SaEnd2EndFlows «SaEnd2EndFlows «SaEnd2EndFlows «SaEndzEndFlow» «SaEnd2EndFlow» «SaEnd2EndFlows
AcquireLocation ComputeTrajectary ComputePrediction RefieshEFIS SearchRoute ChangeRoute MCPIntermupt

Acceptloc AccentTrai . ,
b= Ry CCeptiva) AcceptPred Accept AcceptMCP
Trigge = Trigger | " Trigger 5 Refiesh = Acccgrprn]trﬁs::jch = Accc;ﬁﬂ:é] ? Intenupt |
Trigger
<<GaWorkloadEvent>> <<GaWorkloadEvent>>
{periodic(period=(380.0, ms))} {sporadic(mininterarrival=(300.0,ms),
_. . maxInterarrival=(340.0,1
«GaScenation «GaScenarion ~ ‘Gascenaiio» “Gascenario» «GaScenario» «GaScenarion ( _Q;n)]ﬁ))}
@) AcquireLocation (@) ComputeTraiectory (@) CompuitePrediction (@ RefresnEFIS (@) SearchRoute (@) ChangeRoute (@ MCPInterrupt
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: Scheduling analysis (resource) @

E SCENARIO_20_ExecutionResources

«SchedulableResource» LOCATION: Task. . «SchedulableResources PREDICTION : Task% «SchedulableResaurces INT_HAMDLER : Task%
<<SchedulableResource>> <<SchedulableResource>>
{fp (p!lqﬂngy—blgptlé'stc%!gg;ﬂgpQESL@ger)} «SchedulableResources: HMI_EFIS @ Task ... Server(k|nd:3porad|c’

priority=out$cdu_prio:Integer,
Slplgl?*lj?ud get=(80. OTst O
replenishPerio L{é“ﬁboar% $)
<<SaExecHost>>
{schedPolicy=FixedPriority}

«SaExecHost» PartitionScheduler : Partition =,
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: Scheduling analysis (scenario) @

] AcquireLocation Scenario

Clock: I Location: I I IRSLocation: I Radiol ocation:
1: acquire
<<ApplicationAllocationEnd>> <<SaSharedResource>>
{allocatedTo=LOCATION} {protectKind=PriorityCeiling}
«Galcqgsteps
2 lock:

«“Sasteps
2 updatelRSLocation

<<SaSharedResource>>
{execTi%;%; .0, ms)}

wG@alcqgsteps
5 lock:

“Sasteps
& updateRadioLocation

«GaRelSteps
71 unlock:
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MARTE to TriPacific RapidRMA (©

e
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B RapiRMA Copyright (€) 2000-2004 Tri Pacific Softwaro I
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Information presented here is inspired from JAA ATPL textbooks and resources available on the Internet
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Conclusion (©

MARTE has provided the necessary support for modeling a nd
analyzing our system

» Modeling Time and NFPs
» SW /HW platform design
» RMA scheduling analysis

UML and MARTE are key enablers for model-based analys is and
early validation

We are eager to see tool vendor implementations of MAR  TE
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