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1 - Context

* Timing constraints are often considered too late in the design process

» Unsatisfactory for critical systems

* temporal properties are essential for safety

* must be integrated from the early modeling stages to prevent catastrophic
failures

* Time is not a native concept in Event-B

* Managing timing constraints introduces a lot of details that are
cumbersome to deal with

 This plugin hide some of the details



2 - Case Study

Anti-lock Braking System : ABS

The ABS is a control unit that ensures a car’s stability while driving and in extreme
braking situations. It operates in two modes: Calibrate mode, which is the default

mode, and Brake mode.

« Mode » [Brake_ Pressed]
Calibrate

~

« Mode »

[Brake_Release] Brake

\_

Q Calibration Mode

% SenseSpeed

< Calibrate

QdBraking Mode

% SenseBrake
% BrakeControl

% BrakeWheel



2 = Ca se St u dy Anti-lock Braking System requirements

Calibrate Mode (Calibration)

ABS1: SenseSpeed is always followed by Calibrate  *scheduling
ABS2: SenseSpeed is periodic with a period of 100 ms  #periodicity

\_

« Mode »

[Brake_Release]

[Brake_Pressed]

Calibrate .
« Mode »

Brake

~

ABS3: Calibrate is performed within 10 ms following SenseSpeed *puration

Brake Mode (Braking)

ABS4: SenseBrake is always followed by BrakeControl *Scheduling
ABS5: BrakeControl is always followed by Brake\Wheel *Scheduling

ABSG6: SenseBrake is periodic with a period of 10 ms

*Periodicity

ABST7: BrakeWheel is performed within 1 ms following SenseBrake *puratién



3 - State of Art

Contributions

Limitations

H. Peng, X. Zhang, G. Cao, Z. Liuy, Y. Jing, and L. Rao. A
time refinement framework based on iUML-B state
machine. Scientific Programming

Modeling delays using temporal
variables and deadlines.

Limited handling of simultaneous events.

M. R. Sarshogh and M. J. Butler. Specification and
refinement of discrete timing properties in Event-B.

Addition of Deadline, Delay, and
Expiry properties

Approach specific to trigger-response
models

C. Fu and K. Zheng. Patterns for modeling task-level
timing constraints with Event-B.

Task synchronization (priority,
coincidence)

No tool support available

R. Banach, M. J. Butler, S. Qin, N. Verma, and H. Zhu.
Core hybrid event-b | : Single hybrid Event-B machines.

Hybrid extension with
continuous behavior

Lack of a functional tool

A. lliasov, A. B. Romanovsky, L. Laibinis, E. Troubitsyna,
and T. Latvala. Augmenting Event-B modeling with
real-time verification

&

J. Berthing, P. Bostrom, K. Sere, L. Tsiopoulos, and J.
Vain. Refinement-based development of timed
systems

Verification of temporal
properties using timed
automata (UPPAAL)

Multiplicity of formalisms and the need for
advanced knowledge to effectively use
them




4 - Definitions

» A Task is a unit of work or an operation that needs to be executed. It
represents a specific activity within a system or application.

eg : processing a request

» A Scheduler is the component responsible for planning and organizing
task execution. It determines when and in what order tasks should run.

eg : operating system scheduler



5 — Timed Properties : Timed constraints

] Atomic Task

Start time

T I I
End time
. Non-Atomic Task

Start time End time

—

X Y



5 — Modeling : TaskScheduler Type

The set of all non-decreasing functions f from 1..n to N such that values at odd
positions separated by two indices are different.

n,f.. neNAfel..n>NA (‘v’x,y. x€l.nAyel.nAx <
y = f(x) < f())A(Yk k€1 -(n-1)+2 = f(2k-1) = f(2k+1))| f }

{1-0,2043054-75-86-10,7 —-11,8 —»14..}

— Start instants | | | | m | | | m
— End instants |||‘||‘U|||| ’=

| 8




5 — Modeling : TaskScheduler Type

Each task has its own task scheduler

{1-0,2043054-75-86-10,7—11,8 —»14..}

— Start instants | ] ]| | | | | | |
R

— End instants M

TaskScheduler operations

> TaskSchedulerBefLast » TaskSchedulerFirst

» TaskSchedulerAppend > TaskSchedulerLast
» TaskSchedulerSize



5 — Modeling : Progress Event and global clock

To mark the progress of our global clock CK in steps of time unit, we define the
ProgressEvent event with the step parameter.

ProgressEvent: not extended ordinary
ANY

o step

WHERE

o @progressGrd: step € N1 not theorem
THEN

o @progressAct: CK = CK + step

END
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5 — Modeling : Atomic Task

Let SH,; Be the taskScheduler of the task A

INV atomicTaskSchedule(SHy) =
(3k. k € N A taskSchedulerSize(SHy) = 2k)

A

(Vk.k € 1...taskSchedulerSize(SHy) +~2 = SH,(2k — 1) = SH4(2k))

f Event Atomic A = \
then
actl: SH, = taskSchedulerAppend(taskSchedulerAppend(SH 4,CK),CK)

K end
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5 — Modeling : Task with Duration

Let SH,; Be the taskScheduler of the task A

INV taskSchedulerDuration(SH,, d) 2
(Vk. k € 1...taskSchedulerSize(SH,) + 2)
=

SH,(2k) — SH,2k—1) =d

/Event start_A = \ gvent end A = \

where where
grdl: Jk.(k € N A size(SH 4)=2k) grdl: 3 k.k € N A taskSchedulerZise(SH 4 )=2k +1
then grd2: CK - taskSchedulerLast(SHy)=d
then

actl: SHy :=taskSchedulerAppend(SH,,CK)

d actl: SHy :=taskSchedulerAppend(SH4,CK)
en

N AN .




5 — Modeling : Task with period

The difference between the start time of an occurrence (index 2k+1) and the start time
of the preceding occurrence (index 2k-1) is equal to p u.t.

Start End Start End

I B 8 i

\ J

p:= perioch
INV  periodicalTaskScheduler(SH,, p) 2
Vk.k € 1..(taskSchedulerSize(SHy) — 1) + 2

=

v

A guard @grd1 is added to the event Atomic_A for an atomic task (respectively start_A for a non-atomic task).

Qgrdl: SHj # @ = CK - taskSchedulerBefLast(SH4) = p
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5 — Modeling : Task with Separation

The difference between the start time of an occurrence (index 2k+1) of A and the
end time of the preceding occurrence (index 2k) is equal to s u.t

Start End Start End
i i i i

s := separation

v

INV  sepDuration(SH,, s) 2

Vk.k € 1...(taskSchedulerSize(SHy) — 1) + 2
=

A guard @grd4 is added to the event Atomic_A for an atomic task (respectively start_A for a non-atomic task).

Q@grd4: taskSchedulerSize(SH,) =2 = CK - taskSchedulerLast(SH 4) = s
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5 — Modeling : Precedence relationship

Given two tasks A and B, this dependency requires that every execution of an
occurrence of task A be preceded by the execution of an occurrence of task B before
the next occurrence of A.

INV preceded(SH,, SHg) 2

Vk.k € 1..(taskSchedulerSize(SHy) + 1) + 2
=

Jdk'. k' € 1..taskSchedulerSize(SHg) A
2k — 2 € dom(SH,) = SHz(2k' — 1) = SH,(2k — 2)

PRECEDED_BY(A,B)
v/ BABAB...
v BBBABBBABBA

% A




5 — Modeling : Preceded relationship

The guard @grdpcd is added to the event Atomic_A if task A is atomic (respectively start_A
if task A is non-atomic).

Qgrdpcd: (SHp =9 = 1k. 2k edom(SHp)) A
(SHpy # @ > 3 k. 2k +1 € dom(SHp > taskSchedulerLast(SHy)..CK) A 2k +2 €
dom(SHp > taskSchedulerLast(SHy )..CK))

PRECEDED_BY(A,B)
v/ BABAB...
v BBBABBBABBA

% A.
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5 — Modeling : followed relationship

Given two tasks A and B, this constraint requires that the execution of an occurrence of

task A be followed by the execution of an occurrence of task B, before the next
occurrence of A.

INV followed(SH,,SHp) = Vk.

k € 1..(taskSchedulerSize(SHy) — 1) =+ 2
=

dk'. (2k'—1 € dom(SHg > SH,(2k)..SH,(2k + 1)) A
2k’ € dom(SHg > SH,(2k)..SH,(2k + 1))

FOLLOWED_BY(A,B) PRECEDED_BY(A,B)
« ABABAB.. ~/ BABAB...
« BBABBBABBA BBBABBBABBA
% BABAABAA... X A
% AA..
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5 — Modeling : followed relationship

The guard @grdfwd is added to the event Atomic_A if A is an atomic task (respectively
start_A if A is a non-atomic task).

@grdfwd: SHy # @ =3 k. (2k+1 € dom(SHp 1> taskSchedulerLast(SH, ) .. CK) A 2k +2
€ dom(SHp > taskSchedulerLast(SH4) .. CK))

FOLLOWED_BY(A,B)

:// ABABAB...
« BBABBBABBA
x BABAABAA...

AA...
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6- Plugin Features

» Creation of atomic and non-atomic tasks

» Creation of dependency constraints between tasks
» PrecededBy (min, max)
» FollowedBy (min,max)

» Adding temporal constraints to an existing task
» Period and Separation

» Automatic generation of guards and invariants

» Proof rules provided in theory

Ref : https://github.com/AmelMammar/chronoEventB



Event Metamodel

PrecededBy FollowedBy
. minValue - minValue
- maxValue - maxValue
. O‘WS?N Event . on!ySlaflt
0.1 ™ isEollowodBy
isPrecededBy| "' .
- Action s
/ follows
AtomicStartEvent EndEvent
4. PSMin - DMin
Preceed
s - PSMax - DMax
Pl N\ {
AtomicEvent StartEvent
- SMin

- SMax 1
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Conclusion

> A classification of temporal constraints for Event-B, providing a structured
framework for their specification: a dual modeling of tasks

> A mathematical formalization of temporal dependencies, ensuring
consistency between tasks.

> The implementation of a functional Rodin plugin that seamlessly integrates
our theoretical advances into the development environment.



Perspectives

e Hierarchical task refinement

e Develop a mechanism allowing an abstract task to be refined into a set of
more precise subtasks,

* while preserving temporal properties.

* Adaptive temporal dependencies
* Introduce the ability to refine dependencies between tasks

* Enable the specification of increasingly precise temporal constraints
throughout the system refinement process.



E workspace - P1/M1.bum - Rodin Platform
File Edit Navigate Search Project Run

BRI IDildile
= =

¢ Event-B Explorer X

Rename

A Qi i~ §

New task creation wizard |

@ M1

Window Help

R workspace - P1/M1.bum - Rodin Platform

File Edit Navigate Search Project Run Ren

ame Window Help

B-BRISIS N T R HRU i i F - oI

TP OD |

Creation of a new task

= (] X

Q @B @6

8

* Event-B Explorer X gox = 08
: ® + 58 6@ @M1 X @ TimedContextM1 X “
& = JB had § MACHINE CONTEXT a
: i} M1 E o X Timed( There is no active
> = NewSpec SEES CONSTANTS editor that provides
S Pl 3 TimedContex New Task o psMin_ an outline.
VARIABLES ew las dMin_E
> B P6 ] CK > This wizard creates two events related to an atomic task or task dMax_E
O Test SctegU}er_A with duration sMax_E
> 2 Testl Scheduler_B sMin_E
> 3 TestProj INVARIANTS . . fluMax_
> gTHEOR:ES 21062025 @invck: ck g TekName d L
- @_}nvAtomlch o @PSM1r
EVEN?;nVCK_B: (O Atomic task © Non atomic task gziimE
INITIALISAT @aximl
THEN @SMax¢
@initacC @SMin¢
@initact o @fwdSc
@initact END
END
ProgressEve
ANY
o step
WHERE -
. @progres @ Finish Cancel
THEN
@progressActs CK = CK T step B ——"
END
Atomic_A: not extended ordinary PSMin : psMin_A PSMax : NONE >
FOLLOWED_BY
Task : End_B Min : NONE Max : fluMax_Atomic_A® :: start and end >
END .
< » —
[2( Rodin Problems [T] Properties | Tasks ] Eror Log X | Ex X B g8 = B V) Symbols X = B8

Workspace Log

P type filter text

0 items selected

x
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K workspace - P1/M1.bum - Rodin Platform
File Edit Navigate Search Project Run Rename Window Help

B-ER:YIS: I QR R A H-F O

b Event-BExplorer X = O New followed or preceded creation wizard |

Creation of a new dependency

E workspace - P1/M1.bum - Rodin Platform - a X
File Edit Navigate Search Project Run Rename Window Help
B-HRYS IS TR QHQ P g F oD OO Q B[P @
=E
F Event-BExplorer X = B Box = B8
xp w5 @ Q@M1 X @ TimedContextM1 X “
L EBI MACHINE 'R o N CONTEXT &
: /) M1 > Timed( There is no active
5 = NewSpec SEES CONSTANTS editor that provides
S & P P s TimedContextM New Followed or Preceded s psMin_ an outline.
- VARIABLES This wizard creates a Followed or Preceded element with good configurations e dMin_E
> B P6 . CK > - dMax_E
O Test - Scheduler_a > - sMax_E
> 2 Testl - Scheduler_B > . . . sMin_E
) TestProj INVARIANTS Task Name*: Atomic_A v ) fluMax_
- @invCK: CK € N AXIOMS
> =3 THEORIES_21062025 @:@nvAtomichK_ Ot (et i @PSMir
a @1nvCK_B: Sa a @aximl
EVENTS - @aximl
e INITIALISATI o @aximl
THEN - @SMaxt
o @initacCKs o @SMins
o @initactA: o @fwdsc
< @initactB: END
END
e ProgressEven
ANY
e ste| )
WHERE | ) Cancel
@progressG
THEN
o @progressAct: CK = CK + step >
END
. Atomic_A: not extended ordinary PSMin : psMin_A PSMax : NONE >
FOLLOWED_BY ] )
s Task : End_B Min : NONE Max : flwMax_Atomic_A®@ :: start and end >
END .
4 » —
[2( Rodin Problems [] Properties | Tasks ] ErrorLog X § = 8 W) Symbols X = B8
Workspace Log

P type filter text x
N itemc celerted 2



Illustratio

- Atomic_A:

FOLLOWED_B
o Task
o Task
PRECEDDED_
a Task
o Task
END

e Start_B:
FOLLOWED_BY
o Task :
- Task :
END

n

not extende
hf
: End_B Min
: Atomic_D Min
BY

Start_B Min
: Atomic_T Min

not extended o

Atomic_A Min :
Atomic_T Min :

d ordinary PSM1in

: NONE Max : flwMax_Atomic_AO0

psMin_A PSMax : NONE

NONE Max : flwMax_Atomic_Al :: only start >

pcdMin_Atomic_AO Max :

pcdMax_Atomic_A®

NONE Max : pcdMax_Atomic_Al :: only start

rdinary PMin : NONE PMax :

NONE Max : NONE :: only start >
NONE Max : NONE :: start and end >

- End_B: not extended ordinary DMin : dMin_B DMax : dMax_B >

PRECEDDED_BY
- Task :
o Task :
END

e Start_B:
END

Atomic_D Min :
Atomic_T Min :

not extended ordinary PMin : NONE PMax :

pcdMin_End_BO Max : NONE ::
NONE Max : pcdMax_End_ Bl ::

only start >
start and end >

>

start and end -}

start and end

>

NONE SMin : sMin_B SMax : sMax_B

NONE SMin : sMin_B SMax : sMax B >

o End B: not extended ordinary DMin : dMin_B DMax : dMax_B >

END

o Atomic_D:
END

not extended ordinary PSMin

: NONE PSMax : NONE -

>
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Proof obligations

R workspace - P1/M1.bum - Rodin Platform
File Edit Navigate

NrE @
[ Event-B Explorer X

‘0

Search Project Run Window Help

HEEEBD B

‘@

> © Variables

> < Invariants

> ¥, Events

v (7) Proof Obligations
@ @precededScheduler_A_Scheduler_B/WD
@ @DMinlnvEnd_A/WD
@ @DMinlnvEnd_B/WD
@ INITIALISATION/@invCK/INV
@ INITIALISATION/@invCK_A/INV
@ INITIALISATION/@invCK_B/INV
@ INITIALISATION/@precededScheduler_A_Scheduler_B/INV
@ INITIALISATION/@DMinlnvEnd_A/INV
@ INITIALISATION/@DMinlnvEnd_B/INV
@ ProgressEvent/@progressGrd/THM
@ ProgressEvent/@invCK/INV
@ Start_A/@gardFirstStart_A/WD
@ Start_A/@grdpcdScheduler_A_Scheduler_B/WD
© Start_A/@invCK_A/INV
@ Start_A/@precededScheduler_A_Scheduler_B/INV
@ Start_A/@DMininvEnd_A/INV
@ Start_A/@actScheduler A/WD
@ End_A/@gardFirstEnd_A/WD
@ End_A/@DMinGuardEnd_A/WD
@ End_A/@invCK_A/INV
) End_A/@precededScheduler_A_Scheduler_B/INV
@ End_A/@DMininvEnd_A/INV
@ End_A/@actScheduler A/WD
@ Start_B/@gardFirstStart_B/WD
@ Start_B/@invCK_B/INV
@ Start_B/@precededScheduler_A_Scheduler_B/INV
@ Start_B/@DMinlnvEnd_B/INV

@ 1 item selected

IVOiYL ik Q@A iP PGy

= 8 @M1 X @ TimedContextM1 = B8
@initacCK: CK = 0
@initactA: Scheduler A = o
@initactB: Scheduler B = o
END
ProgressEvent: not extended ordinary
ANY
o step
WHERE
a @progressGrd: step € N1 theorem
THEN
o @progressAct: CK = CK + step
END
Start_A: not extended ordinary PMin : NONE PMax : NONE SMin : NON
END
End_A: not extended ordinary DMin : dMin_A DMax : NONE
PRECEDDED_BY )
Task : Start_B Min : NONE Max : NONE :: start and end
END
Start_B: not extended ordinary PMin : NONE PMax : NONE SMin : NON
END
End_B: not extended ordinary DMin : dMin_B DMax : NONE
END
END
) EmorLog X v EBXE=B§ =08
Workspace Lo

N, P

i Rodin Problems X [T] Properties J=| Tasks
22 errors, 0 warnings, 0 other_s

Y = 8 VASymboIs X

= o X

Q ®|BR @
0= Outline X =[5

There is no active editor that provides
an outline.
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ProB Model Checking

[ History X [T Event Error View =

M1 MO

8

[7] Events X = B [JState X [J] LTL Counter-Example & 4|
Checks v To v O v 2o v 8 &~ Name Value Previous value
S v v TimedContextM1
psMin_SenseBrake 4 4
Event Parameter(s) psMax_SenseBrake 4 4
P> Brake_Released pcdMax_End_BrakeWheel0 0 0
@ Brake_Pressed psMax_SpeedSense 5 5
P ProgressEvent (x3) 1 pcdMax_End_Calibrate0 0 0
@ Atomic_SpeedSense pcdMax_Atomic_BrakeCon 0 0
@ Start_Calibrate dMax_BrakeWheel 2 2
®End —Calibrate psMin_SpeedSense 5 5
> Atomic_SenseBrake dMax_Calibrate 4 4
- v MO
@ Atomic_BrakeControl mode Brake Brake
@ Start_BrakeWheel o M1
©End_BrakeWheel K 9 8
Scheduler_BrakeControl {(1=5),(2~5)} {(1=5),(2~5)}
Scheduler_BrakeWheel {(1~5),(2~86)} {(1~5),(2~86)}
Scheduler_Calibrate {(1~0),(2~3)} {(1~0),(2~3)}
Scheduler_SenseBrake {(1-5),(2~5)} {(1=5),(2~5)}
Scheduler_SpeedSense {(1~0),(2—0)} {(1—0),(2—0)}
v Formulas
ki Event-B Explo.. X . RodinProble.. = B > variables
&) ®> @ fl-B :/ § > constants
2 > sets
—_— o > invariants T T
> > axioms T T
>0 a | > event guards
> & Theorems 9
X > theory operators
> @ TimedContextM1
> fl? TheoryPath
> @ Mo
@ M1 Invariantsok ~~ Noeventemorsdetected

ProgressEvent(1)

ProgressEvent(2)

End_BrakeWheel

ProgressEvent(1)

Start_BrakeWheel

Atomic_BrakeControl

Atomic_SenseBrake

Brake_Pressed Brake_Pressed
ProgressEvent(1)

ProgressEvent(1)

End_Calibrate

ProgressEvent(3)

Start_Calibrate

Atomic_SpeedSense

INITIALISATION INITIALISATION
SETUP_CONTEXT

(uninitialised state)
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ABS requirements

N° Contrainte Modélisation en Event-B

ABS2 periodicalMinMaxTaskScheduler(SenseSpeed, 10°, 10°)
ABS6 periodical MinMaxTaskScheduler(SenseBrake, 104, 10%)
ABS3 taskSchedulerMaxDuration(Calibrate, 10%)
ABS7 taskSchedulerMaxDuration(BrakeWheel, 10%)
ABS1 followed(SenseSpeed, Calibrate)
ABS4 followed(SenseBrake, BrakeControl)
ABS5 followed(BrakeControl, BrakeWheel)
ABS3 precededMax(Calibrate, SenseSpeed, 0)
ABS7 et ABS4 precededMax(BrakeControl, SenseBrake, 0)
ABS7 et ABS5 precededMax(BrakeWheel, BrakeControl, 0)
ABS7 preceded(BrakeWheel, SenseBrake)
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Thank you
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