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EVENT-B METHOD
5.7 1 |

8R: IP PARIS

1 State-based formal method

d A model is made up on:
» Contexts: sets (user types), constants and axioms
» Machines/Refinements: variables, invariants, events

A Proof correctness:

» Machine/Refinement: each event must preserve the invariant of the
machine/refinement

» Refinement:
» The guard of a concrete event must be stronger than that of the abstract one
» The effect of a concrete event is included in that of the abstract one
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MODELING STRATEGY: 1/4
i

8R: IP PARIS

d Which component, GUI or the controller, should be mo

abort test or runSelfTest

at firste

powerQff SelfTest

!
save/goBack

) :
- new Patient [ventilation=aff]
Start-up ——start-up ended [ventilation=off] selftestPassed save/goBack set param
l [ventilation=on

powerOn startPCV
._1 . start-up ended Start Menu startPSV Ventilation
powerOft [ventilation=on)] resume >

_(- ventilation stopVentilation 'L‘)’;E- Fi r St St e p Of t h e
.-\‘ | powlerO'Ff | ]

" controller’s behavior
' |

e is independent

> FailSafe < error

powerOff

srror statPCV——» PV

. — ol from that of the

' N
.po'.-;erOn Start-up start-up ended—>| SelfTest | selftestPassed VentilationOff
or resume ventilation

stopVentilation
|

apnealag

moveToPSY ( l 'I
m ’ powerOff powerOff
—@‘ | ' powerOff—  startPSy———> PSV
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g MODELING STRATEGY: 1/4

SudParis
4§ |
@ IP PARIS

d Which component, GUI or the controller, should be mo

abort test or runSelfTest

at firste

powerOff /
_ save/goBack
— new Patient [ventilation=aff]
Start-up ——start-up ended [ventilation=off] selftestPassed save/goBack set param
l [ventilation=on
poweron startPCV
._1 Situp ended Start Menu startPSV Ventiation
powerOff [ventilation=on] resume >
w111 Main functionalities
. PU‘*"TTOH powerOff powerIfo
—®- fth |
of the controller

oh |
depend on the

error > FailSafe < eror .
statPCV——» pCV d d f

A I —— oraers received rrom

error |stoprent|lat|on
. ( ) selftestPassed apnealLag th e G U I
powron Startup start-up ended—> SelfTest | or resume ventilation VentiiationOff moveToPSV
stopVentilation
powerOff poweroff P
startPS\V————» PSV

m I > | | awerOff—
i.‘? powerCff P

Institut Mines-Télécom

04/07/2024



TELECOM
SudParis

5.7 1 |

8R: IP PARIS

aft firste

VY
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abort test or runSelfTest

SelfTest

MODELING STRATEGY: 1/4

set param

d Which component, GUI or the controller, should be mo

powerOff
save/goBack
new Patient [ventilation=off]
Start-up ——start-up ended [ventilation=off] selftestPassed save/goBack set param
l [ventilation=cn |
powerOn startPCV
._1 Situp ended Start Menu startPSV Ventiation
powerOff [ventilation=on)] resume >
ventilation stopVentilation | 4
. pcwtlarOl'I' powerOff powerIOff
! |
powerOff error |
_I_+_ powerOff
FailSafe < error
error startPCV——» PCV
Y ]
error stopVentilation
' ] !
selftestPassed spneaeg
.po‘.-;erOn Start-up start-up andad— Selffest or resume ventilation VentilationOff moveToPSV
stopVentilation
powerOff powerOff pl—
| I powerOff—I  startPSV——> Psv
powerOff

@

GUI functionalities is
modeled before
those of the
controller



MODELING STRATEGY: 2/4

5.7 1 |

8R: IP PARIS

1 Which level is the best to infroduce time?@¢

The behavior of the system may depend on the internal battery
whose level depends on time progression

The level of the baterry is modelled in an early level with the usual

time progress event
6
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MODELING STRATEGY: 3/4

5.7 1 |

8R: IP PARIS

1 Can the controller event error be dealt with like other

powerOf [ BITOr 1
# \ porearOff
FailSafe - BITOr
Bimo
e startPCY —» PCV J*—
E:w :smf.*anhlaﬁnn - T
I (-
( ) salfesiFassed ( | Spneslag
! ] » rrT - '\._.' | x
.—pu:n VRTON— Start-up start-up ended—® SelfTes! o resume ventilation | "¥ athon O moveToR Sy
LN . L A L . T
siop'entiation ~ T
iy powerOff powerOff | v 1
» i)« - | powerOf—! stantPSy . PsY
s porearON

o an error may be due to several causes (valve failure,
backup battery failure, etc.)
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MODELING STRATEGY: 3/4

5.7 1 |

8R: IP PARIS

1 Can the controller event error be dealt with like other

powerOf BITor
-J —I—'L—x porerariof
* FailSafe E BITOr [ )
Bimor | starPCy — » PCY J‘*
\'—ﬁ; | ]
ermor lﬂmp:hnhhﬂnn -
| |
( : ] seiftestPassed ( | apnealag
.—pl:min:ln—r Start-up start-up andad—t{ SelfTest " or resume ventilation Wentilation O J maoveToPSY
LN l L A L i
I
Yeniil T
1 J - BSV
= verQf stantPsy——>
I\’} porearOff P

Event error is modeled as a refinement of the event progress
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MODELING STRATEGY: 4/4

5.7 1 |

8R: IP PARIS

d Can the fransitions common to the GUI and the conftrol
(powerOn, powerOff, start-up ended, etc.) be repres

by a single evente
Transitions with the same effect: a single Event-B event (powerOn, powerO

Transitions with different effects: distinct Event-B events (start-up ended)
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EVENT-B MODEL STRUCTURE

—h Hi |
e C1 R M1 GUI functionalities
___ o EXTENDS C2 R M2 Controller functionalities
..... » SEES T
REFINES C3 Pa— M3 Ventilation modes: PCV, PSV
ca DI M4 Ventilation phases: inspiration, expiration, etc.
C5 DU M5 Valves
6 ] M6 Alarms
4" nd
10
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15T LEVEL: GUI FUNCTIONALITIES (M1+C1)
5.7 1 |

V& |P PARIS abort test or runSelfTest

\_( set para i
powarOff SelfTest I,-' Settings
_,| { save/goBack j

N new Patient - I ,|" [ventilation=0ff] x
Start-up ——start-up ended [ventilation=of] selftestPassed / save/goBack | set param
] l l / [ventilation=on |
| r
poweron startPCV
. | start-up enl:led Start Menu startPS\y Yentilation
l ventilation A stop\entilation - | ‘
- p-c:w:TrL‘Jfl poweron pcrv.'erll:.‘!'rl'
_b - ;
®-

In the contexte C1:

axml1: partition( Ventilation, {PCV}, {PSV})

axm?2: partition(ModesG, {StartUp}, {Start}, {Menu}, {SelfTest},
{Settings},Ventilation, {0ff})



15T LEVEL: GUI FUNCTIONALITIES (M1+C1)

5.7 1 |

abort test or runSelfTest

@ IP PARIS
\_( set para i
powarOff SelfTest I,-' Settings
_,| { save/goBack j
,I'I [ventilation=aff] i

new Patient I

.
Start-up —start-up ended [ventilation=off] selftestPassed { save/goBack | set param
y l l / [ventilation=on
ra I |"'
poweron startPCV
. | start-up E"f'ed Start Menu startPS\ Ventilation
powerOff [ventilation=on) — ) N
l ventilation A stop\entilation - | ‘
- p-c:w:TrL‘Jfl poweron pcrv.'erll:.‘!'rl'
_} e i
L)

In the machine M1:

modeGP # modeG =

modeGP+— modeG €
poss TransG (bool(power=TRUE A crashed = FALSE A

Ny (onAC = TRUE V (switchover = TRUE A batLev > 0 A batFail=FALSE))))



15T LEVEL: GUI FUNCTIONALITIES (M1+C1)

5.7 1 |
:{gs;}lpmms
abort test or runSelfTest
In the machine M1: |
. . . E— SeifTest Settings
U Transitions with a same label givean [ | fenti £\
Event-B event selftestPassed / ssve/goBlack | ket param
l ventilation=on l
Event saveBackAbort = —
any Menu startps'."..' Ventilation
modeg A ~ stopVentilation | [ A
where powerof powerOff
. |

grdl: modeG = Settings N modeg € ModesG

grd2: modeg € |Ventilation|U {Menu]}
modeGP: previous state of the GUI

then
actl: modeG := modeg modeG: current state of the GUI
act2: modeGP := modeG modeg: next state of the GUI

end




2ND | EVEL: CONTROLLER FUNCTIONALITIES
(M2+C2)

B i |
abort test or runSelfTest

{gi;}lpmms
In the machine M2: !
4\11 SelfTest
>atient’

Event saveBackAbort =
|

any selftestPassed
modeg !
Menu

where
grdl: modeG = Settings A modeg € ModesG ime ,, —
. SRR atien A stopVentlation | I
grd2: modeg € Ventilation U {Menu}
m.\th pcw-'arll::ff

modeC' # FailSafe
modeC € Ventilation = modecc Ventilation N\ modeg = modec

modeC ¢ Ventilation = modec = modeC N modeg = Menu

then
modeC: current state of the controller

actl: modeG := modeg
modec: next state of the controller

act2: modeGP := modeG
end PR



3RD LEVEL: VENTILATION MODES (M3+C3)

5.7 1 |

8R: IP PARIS

p;uParamsValC € 0..curTime + (psvParams + Nj)

modeC = PSV

=
dom(psvParamsValC (max(dom(psvParamsValC))))=psvParams

J Mode change request

PCV2PSV = TRUE

—
modeG — Settings N modeC €{PCV, FailSafe}
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Event saveBackAbort = saveBackAbort
any

modeg, modec, sv, psvC, psvG,. ..
where

REaL: oo

grdé: PCV2PSV = TRUE A modeC = PCV = modec=PSV

grd7: PCV2PSV = FALSE V modeC # PCV = modec=modeC

grd8: psvG={TRUE — psvParamsValG(max(dom(psvParamsValG))),
FALSE— psvParamsValC (max(dom(psvParamsValC)))}(sv)

grd9: psvC={TRUE — psvParamsValG(max(dom(psvParamsValG))),
FALSE+— psvParamsValC(max(dom(psvParamsValC)))}(sv)

grd10: modec = PSV = dom(psvC)=psvParams
then

acktl: ...

act5: psvParamsValG(curTime) := psvG

act6: psvParamsValC(curTime) := psvC

act7: PCV2PSV := FALSE
end



4™ LEVEL: VENTILATION PHASES (M4+C4
4§ |
{gs;}lpmms
In C4: axml: partition(ventSates,{inspBeg},{inspEnd},{expBeg},{expEnd},...)
In M4: invl: cycleMode € cycles— Ventilation

inv2: ventilPhase € cycles — ventSates
inv3: wnspBegl € cycles — N invad: mnsplbndT € cycles — N

Event inspStart =
any
cy, inspT

Each breathing phase where
grdl: modeC € Ventilation cy € Cycles \ cycles
->

then
2 events: start and end actl: cycles := cycles U {cy}
. act2: ventilPhase(cy):—inspBeg
actéd: inspBegT (cy):= curTime
A _nd v ct5: inspEndT (cy):=inspT
en



STHLEVEL: VALVES (M5+C5)

8R: IP PARIS

invl: (3 c. ¢ € cycles N ventilPhase(c)€ {inspBeg, inspEnd}) A inValveF = FALSE A
modeC = Ventilation = inValve = TRUE

Event inspStart =

any
cy, inspT
where
grdl: modeC € Ventilation cy € Cycles \ cycles
then

actl: cycles := cycles U {cy}
act2: ventilPhase(cy):—inspBeg
actéd: inspBegT (cy):= curTime
ict5: inspEndT (cy):=inspT
inValve := {FALSE — TRUE, TRUE + inValve}(inValveF)

B end



6™ LEVEL: ALARMS (Mé6+Cé)

5.7 1 |

8R: IP PARIS

InC6: axml: partition(Alarms,{guiFailure},{contFailure},
{inValveFailure},{patConnected},...)

In M6: alarmRaised € Alarms — BOOL
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6™ LEVEL: ALARMS (Mé6+Cé)

CHEL
‘axml: partition(Alarms,{guiFailure},{contFailure},
{inValveFailure},{patConnected},...)

ilarmRaised(inValveFailure)= bool(d c. (¢ € cycles A
((((ventilPhase(c)=inspBeg A curTime > inspBegT(c)) V
(ventilPhase(c) = rmBeg A curTime > rmBegT(c))) N
inValveP = FALSE
) V

(((ventilPhase(c) = expPauseBeg A curTime > expPauseBegT (c)) V

(ventilPhase(c) = expBeg A curTime > expBegT (c)) V

(ventilPhase(c)=inspPauseBeg A curTime >inspPauseBegT (c)) ) A
inValveP = TRUE)))



6™ LEVEL: ALARMS (M6+Cé)

8R: IP PARIS

Event progress =
refines progress

any

step, ...
where

grdl: step € N1 A - -
grd2: modec € {FailSafe, modeC, 0ff, StartUp}

then
actl: curllsme := curlime + step

act4d: modeC :— modec

end



Event progress =
refines progress
any
step, ...
where
grdl: step € N1 A ---
grd2: modec € {FailSafe, modeC, 0ff, StartUp}

alarmInV =bool(3 c. (¢ € cycles N(
(ventilPhase(c) € {inspBeg, inspEnd, rmBeg, rmEnd} N inValve=FALSE)

V
(ventilPhase(c) € {expPauseBeg, inspPauseBeg, inspPauseEnd} N
inValve = TRUE))))

alarminV — TRUE = modec=FailSafe

then
actl: curlime := curTime + step

act4: modeC = modec
alarmRaised := alarmRaised < {..., inValveFailure — alarmInV'}

in ValveP :—= inValve

end



Event progress =
refines progress
any
step, ...
where
grdl: step € N1 A ---
grd2: modec € {FailSafe, modeC, 0ff, StartUp}

alarmInV =bool(3 c. (¢ € cycles N(
(ventilPhase(c) € {inspBeg, inspEnd, rmBeg, rmEnd} N inValve=FALSE)

V
(ventilPhase(c) € {expPauseBeg, inspPauseBeg, inspPauseEnd} N
inValve = TRUE))))

alarminV — TRUE = modec—=FailSafe

then
actl: curlime = curlime + step
act4: modeC := modec
alarmRaised := alarmRaised < {..., inValveFailure — alarmInV'}
inValveP :— inValve

end



WHAT HAS BEEN DONE ...

5.7 1 |

Ef[ﬁferen’r states/transitions of the controller and 1

d Ventilation modes (PCV and PSV) and the swit
from one to the other

d Venftilation parameters and their update before an
during the ventilation

A Position of the valves (in and out) during the ventilation
and their failures

A Alarms: the valves (in and out), patient connection
while the system is in the state StartUp, the backup
rigCttery, the switchover, the FIT1/FI12/oxygen sensors.
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SOME STATISTICS

5.7 1 |

d Three months development/proof
> 6 refinement levels
> 44 variables + 90 invariants +35 events

d Models are proved and verified
» Model checking: ProB for detecting obvious invariant violations
» Validation: ProB on our own scenarios
» Proof obligations correctness
= 1322 proof obligations
= 312 automatic (23%)
= 225 interactive
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FEEDBACKS ON THE SPECIFICATION DOCUME

5.7 1 |

0 Under which conditions the controller must move fo the

FailSafe?¢

d Does the controller continuously check the presence of
undesirable events or note

d Does the controller continuously check the communication with
the GUI or only in the state StatUp®e

ihat is the impact of the alarms’ levels on the system?

26
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