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AADL

Architecture Analysis & Design Language

- Avionics/Automotive standard from Society of
Automotive Engineers.

- Design & Analysis of performance-critical RT systems
Application/Software Components

- Thread, Thread Group, Process, Subprogram
Execution Platform Components

- Bus, Device, Processor, Memory

Binding

- Bind Application onto Execution Platform 2



MARTE

. OMG UML2 Profile for Modeling and Analysis of
Real-Time and Embedded systems

- OMG Adopted Specification (ptc/07-08-04) => FTF

MARTE foundations |

wprofiles aprofiles wprofiles wprofiles aprofiles
NFFs Time GRM GCM Alloc

N M

1 |

1 1
MARTE design model | MARTE analysis model |

aprofiles aprofiles aprofiles aprofiles sprofiles sprofiles
RTEMoCC SREM HRM GQAM S AM PAM
MARTE annexes |
eprofiles aprofiles amodellibrarys

VSL R5M MARTE_ModelLibrary




MARTE

. OMG UML2 Profile for Modeling and Analysis of
Real-Time and Embedded systems

- OMG Adopted Specification (ptc/07-08-04) => FTF
e TIMe

- Define a Timed Causality Model for UML

- Broad enough to cover several Models of Computation
(exercise: Model AADL MoCC)

o Allocation sub-profiles

- Describe various possible allocations (and their costs)

- Time analysis needs to cope with communication costs
and context switching costs, etc. 4




An example in AADL

ExecutionPlatform Software ExecutionPlatform
Device (sensor) Thread Device (actuator)

—_——— —— -y

Event-data port
(message-passing, queues)

/ d / / / 1
Os :’4@ " »>—2> T2 >——2> T >X—1>PD s
/ / d S / /
Delayed communication Software
# immediate Periodic Thread




An example in AADL

ExecutionPlatform Software ExecutionPlatform
Device (sensor) Thread Device (actuator)

—_——— —— -y

—

Event-data port
(message-passing, queues)

« Mix of Execution Platform and Software
« Case-based definition of the underlying Model of
Computation and Communication (MoCC)

Delayed communication Software
# immediate Periodic Thread

Data port (no queue

D
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Wr

T1

T2

rd

. Communication a travers un latch synchrone

Delayed Communications

e e e — — —

e e e — — —

f1=q1*f
f2=q2*f

{a) synchronous
(q1=g2=1)

3
O

(b) oversampling
(g1=1, g2=3)

(c) undersampling
(q1=3, g2=1)
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Immediate Communications
S f,————{_’?_) fl=qL*

f2=q2*f

wr (sample;) O )
1 —EL— ~EL—‘—@ oo o
! !
\ \
\ \
T2 IT Ok IT o
rd (sample) ) .
(&) synchronous (b) oversampling () undersampling
(q1=q2=1) (g1=1, q2=3) (g1=3, g2=1)

« Communication « instantanée »



Causality problems
Rt (LD

e — ———— e o — —— —

« 10 be deterministic, one must

- Perform clock computations

- Define a schedule

- Compute a Fix-point
. How to deal with the causality problems ?
» Synchronous languages !



A simple sketch hides a complex
model

e

« Most of the model Is
hidden as text in AADL L AR

.
stepl. perodic stepl.aperiodic

(fO rm e rly I\/I EtaH) igt::;pemd@/ igt:z;aperud7 ?r:?-" ined I.; ?j'> ined
outed outed

i ’ f
Fﬂ: outed =" ,*'i‘i; outed
Fl 1
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Summary of Issues (and

solutions)
Mix of Execution Platform and Software

- Separate them, use Allocation to associate costs

Case-based definition of the underlying Model of

Computation and Communication (MoCC)
- Make It Explicit
Do not deal with the causality problems

- Use well-known solutions
- ... from synchronous languages

Most of the model Is hidden as text
- Make the time a first-class citizen

11



UML and MARTE

» Application (pure causal/untimed relations)
- UML Activity Diagrams

ad End-to-and ﬂ-::r-'-')
()

- Different queuing policies (event, event-data, data) ?

[ stepT ]—> 4{ step2 ] @ St %@

{upperBound=4)} {upperBound=1}

With queues (event or event-data) Without queues (data) 12



- UML Composite Structure Diagrams

UML and MARTE

. Software Resources (OS, middleware, ...)

Mixed Periodic-Aperiodic-Periodic

AADI Thread

+ deadline : NFP_Duration
+ minExecutionTime : MFP_Duration
+ maxExecutionTime - NFP_Duration

+ dispatchProtocol : SupportedDispatchProtocols

I

<<gwichedulableResource>>
{deadlineElements=deadline,
periodElements=period}
PeriodicThread

+ period : NFP_Duration
{salf dispatchProtocol = periodic)

MARTE Library for AADL

=z=zewSchedulableResources>
{deadlineElements=deadline}
AperiodicThread

{self dispatchProtocol = aperodic)

<<allocated>> <<allocated>> <<allocated>>
t1 : PeriodicThread t2 : AperiodicThread t3 : PeriodicThread
<<gnumeration=>
SupportedDispatchProtocols
+ periodic perod = (50.0, ms)
+ sporadic deadline = (45.0, ms)
+ apenodic minExecutionTime = (6.0, ms)
+ background

maxExecutionTime = (10.0, ms)
dispatchProtocol = penodic

2 ApariodicThraad ‘;r

........ -

deadline = {70.0, ms)
minExecutionTime = (15.0, ms)
maxExecutionTime = (23.0, ms)
dispatchPratocol = aperiodic




UML and MARTE

Execution platform
- Composite Structure Diagrams

ExecutionPlatform

<<gp_allocated>=
cpul : Processor

<<gp_allocated>>
cpu : Processor

<<gp_allocated>>
Ds : Device

db1 : Bus

<<gp_allocated>>

Da : Device

AADL Hardware Components

MARTE Library for AADL

<<hwProcessor>>

Processor

<<hwMemory>>

2<hwDevice>>
Device

g —

+ latency | NFP_Duration

<<hwBus>>
Bus




Allocation in MARTE

ad End-to-end flw.r)
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MoCCs with MARTE

» Overall only two different kinds of
communications in AADL

- Dataflow
=TT 7 ST 7 /! {;) . C?T_)
A 2 )/ S T2 pp—Ppp T,
/ / / d / /
______ ! P | PUN N — b
Event-data ports + Aperiodic threads Data ports + immediate
Periodic threads
wWr (sample) O . e
reaq_date —EL—EL— : EL—{—Q oo o
! y L)
\ \

\

y §

! \ \ !
control %—%— —?\Cﬂ O—’—O O IT o4
rd (sample) ) ) )

(a) synchronous {b) oversampling (¢) undersampling
(q1=q2=1) (q1=1, q2=3) (q1=3, q2=1)



MoCCs with MARTE

» Overall only two different kinds of
communications in AADL

- Dataflow
=TT 7 ST 7 /! {;) . C_T_)
FoT - S T pe——Ppp
/ / / S / /
______ ! e __F e L
Event-data ports + Aperiodic threads Data ports + immediate

Periodic threads

wr (sample;) T T T T

read data — o—

t1.finish alternatesWith t2.start

control —

S S !

Tt

rd {(sample)

(a) synchronous {b) oversampling (¢) undersampling
(q1=q2=1) (q1=1, q2=3) (q1=3, q2=1)



MoCCs with MARTE

» Overall only two different kinds of
communications in AADL

- Sampled

e — ————

e — — — — —

Data ports + Delayed + Periodic threads

I

e e — — — —

Data ports + immediate
Periodic (oversampling) threads

.

wr (sample) Cr .
read data — %7
\
\
\
control %4%

T

i

rd {(sample) 9.

(a) synchronous
(q1=0g2=1)

(b) oversampling
(g1=1, q2=3)

et

(¢) undersampling
(91=3, g2=1)



MoCCs with MARTE

» Overall only two different kinds of
communications in AADL

- Sampled
pmm—_f ) ;“"@ f}l_—__{;) .rr___CTT_:)
L ! g .-‘llll ______ it g
Data ports + Delayed + Periodic threads Data ports + immediate

Periodic (oversampling) threads

wr (sample) T T T T

read_data — O O——

t2.start = tl1.finish sampledTo *t2

control —

S 5 5

et

rd {(sample)

(a) synchronous (b) oversampling (¢) undersampling
(q1=0g2=1) (q1=1, q2=3) (q1=3, g2=1)



Clock Constraint Specification

ad End-to-end ﬂ{:-w)

O)

O
-:-:allu:ucala:-;

i
<<allocate>> ﬂﬁallncgtebh
J;'; Mixed Periﬂdiﬂ-nﬁeriudic-Periu-dic 1*1
4 'y Y
=<gllocated=> =<allocated=> z=zgllocated=>
t1 : PeriodicThread t2 : AperiodicThread t3 : PeriodicThread
Ds © é}
N
| e
i .
clk If ‘3+ +__ . _+ + clk = idealClk discretizedBy P
|
\ Hl. /1
\ \ If |
t1 :% g\: : P g t1. = Ds; sampledTo clk
\ \
I“," ) ,-'IH |
2 téi' | ,
2 O } 11 11; altermatesWith t2,
\
1
t3

!
L
4

@7 t3. = t1; sampledTo clk
Da
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Timing analysis results

UML Timing Diagrams

td <<timedProcessing>=> Mixed flow ‘
{on = idealCIk }

Ds

t1

t2

t3

Da

{ Ds.latency ) {[0..t1.period]} | {IMET..Dul} | {IMET,..Del} | {[0..t3.period]} | {IMETs..Dl} i Dalatency )

/

S

{[0..k"t3.period]}

[ g e

|
|
|
|
|
]
A |
|
|

End-to-End Flow Latency = Ds.latency + flow latency + Da.latency

Flow

Flow Latencygesi.case = t1.period + k2 * t3.period + t3.MinExecTime (k2<k1)

latencyworst.case = t1.period + k1 * t3.period + t3.deadline

Latency jitter = t3.deadline — t3.MinExecTime + (k1-k2)*t3.period
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Conclusion

« MARTE Is under revision by FTF
- Public issues up to December, 21st
« MARTE annex A
- Guidelines about AADL and East-ADL2 (AutoSAR)
« MARTE as a language to support MoCC
definition
« Gilve a Timed Causality Model to UML
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