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MARS overall architecture

Medium Altitude Reconnaissance System (MARS)
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Model architecture

MARS system Environment

navDataSource : DataSource
cOffset : Clock

]“[] tPeriod : Timer

cditter : Clock

: DatabusManager

AltMsgTimeoutCount : int
NavMsgTimeoutCount : int
altDataTimer : Timer altDataSource : DataSource

navDataTimer : Timer
cOffset : Clock

tPeriod : Timer
cditter : Clock

: Conto'ﬂE'rMonitor : DatabusController

currentStatus : int H status : int
previousStatus : int
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Data bus manager:
, timing requirements

DM Reactivity DM Reactivity
L {R1} L {R2}
K K
{25ms} {10ms}
sending
Navigation jitter
Data Source idle T kol [kol lkol M '_H >
sending
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Datab:tsal\t/luasnaqer Operational >< BusError >< Operational
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UML and tools

(executable semantics)

— active components, state machines

— asynchronous signals & synchronous calls

— precise timing (TA w/ urgency), dynamic priority
— safety properties : observers

* |Fx toolset
— simulation
— model checking
— test generation,...
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Environment model : data sources

._ ¢ [cditter <= 10]

. / self.sendData()
timeout(tPeriod) /
/cOffset.set(0) begin
cditter.set(0);
[cOffset <= 25] tPeriod.set(25)

_\ /tPeriod.set(25) (" 7 end -
Init WaitCycle ProduceData
(_) ) “\ )

[cditter <= 10]
/ informal "lost data"
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property : measuring reactivity R1

Absence of transmission is discovered within delay BR1

<y
<<observer>>
PR1
BR1 : duration
c: Clock
init
match send evAltDataMsg() to dm
[dm @ ControllerError] [dm @ Operational] //

c.set(0)

match send evAltDataMsg() to dm //
c.set(0)

[c=BR1]

<<error>>
_ >{ KO ]
[dm @ Operational]
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A compositional version of the functional model

Model of the Databus Manager

JeNaDataMsg ()// /;iergeiz:m( navDataTimer)//
begin : _ . .
Nawsg TimeoutCount = 0; Ne:/\gwig;lmout?ggnt := NavMsg TimeoutCount + 1;
navDataTimer.set(35) nad ataTimer.sel(25)
end en
Operational ftimeout(altDataTimer)//

levAltDataMsg()// begin
begin . AltMsg TimeoutCount := AltMsg TimeoutCount + 1;
AltMsg TimeoutCount := 0; altDataTimer .set(25)
altDataTimer.set(35) end
end

L

[Nawisg TimeoutCount = 3 or AltM s,
NawlsgCount := 0;
AltMsgCount := 0

end

/eWavDataMsg()//

begin

if (NavMsg Count < 2) then
NawlsgCount := NavMsgCount + 1

endif;

navDataTimer.set(35)

end

/evAltDataMsg()//
begin
if (AltMsgCount < 2) then
AltMsgCount := AltMsg Count + 1
endif;
altDataTimer.set(35)
end
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h TimeoutCount = 3)/begin

/evControllerError()//begin
navDataTimer.reset();
altDataTimer .reset()

end

ControllerError

[NavMsgCount >= 2 and AltMsg Count >= 2]/begin
Nawlsg TimeoutCount := O;

AltMsg TimeoutCount := 0 /evControllerOK()//

end /evControllerError()//begin begin
navDataTimer.reset(); NawsgCount := 0;
altDataTimer.reset() AltMsgCount := 0
N end end
" fimeout(navDataTimer)//
BusError begin

NawisgCount := 0;
navDataTimer.set(25)

o
ena

/timeout(altDataTimer)//
begin

AltMsgCount := 0;
altDataTimer.set(25)
end

/begin
NawsgCount := 0;
AltMsgCount := 0

end
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Abstract model, Version 1: for every sender
«  Determine for every period “signal ok” or “signal loss” and count them
* in state operational: count consecutive losses
oy « in state BusError: count consecutive receptions
«  Depending on counter values decide if status switch is needed

loss counting

Dperationa (timer = P + 2%
or P after a loss)

2 consecutive good

receptions from both 3 consec. losses 4
. sources from 1 source ControlerError
(one counter =3 —
(both counters >= 2) reset
counters

reception counting M‘
(timer=p+ 2 7))

Verification shows: reactivity property holds
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Version 2: Asymmetric
* In state operational, look for a “long timeout” (3*C +2%]) — no need for
counter
i in state BusError, no change

Operational 3

upon 3 consecutive
losses from one squrce

(timer=3*C ¥ 2 *j)

data
reception

upon two consecutive
good receptions fro
both sources

-
ControllerErrOI}
/\

reset

counters

(both counters >= 2

h

loss counting data reception

(timer=C + 2 *j)

Verification shows: this version is less reactive

lu. Ober, S. Graf, Y. Yushtein, Il. Ober - Timing analysis and validation of the MARS bus manager

11




MARS overview and requirements | Language / tool overview
UML model and overview of tools | Environment & requirements model

Verification experiments | Functional model
Conclusions | A compositional version of the functional model

compositional re-design
= better abstraction results

g
| DatabusManager
. ErrorLogic nr . Receiver
<€— ] fromDataSource1
[Je{]
— ar : Receiver
I‘ <€— ]| fromDataSource?2

L
fromControllerMonitor

« Error logic parametric in the number of receivers
8 * Project property to a single receiver
‘ | Consider 1 concrete receiver and abstract all others
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Parameters and results

Verification parameters and results

Configuration Number of Number of|User time
states transitions
Initial model with only one source 1084 1420 < ls
(no CM polling)
(non-conservative)
Initial model with two synchronized sources 99355 151926 36s
(no CM polling)
(non-conservative)
Initial model with two de-synchronized sources|> 1136768 |> 1676126 |> 9m30s
(no CM polling)
(conservative — does not finish)
Abstract model, 10ms CM polling > 1494864 |> 701120 (> 8m12
(conservative — does not finish)
Abstract model with no C'M polling 118690 174871 45s
(non-conservative)
Abstract model with lazy CM polling 155166 263368 1m?21s
(conservative)
13
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Conclusions

* Push button verification for whole systems —

not there yet !
Still useful for analysis of "hard points”

Essential success factors :
— "user-friendly" language and tools

— use of abstractions
« easy ones (~ automatic) : timing relaxation, ...

 harder ones : design refactoring «— "design for
verification" skills

14
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