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Real-time with B

[1 "Classical" B method still used

[1 Previous works to add concurrency, real-time properties
([LFD96])

[1 Numerous works on Duration Calculus and derivatives,
showing adequation with programming paradigms
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From Interval Temporal Logic...

[1 Based on first-order logic
[1 The "chop" — connector
[1 The special variable ¢ (interval length), real values
[1 Example:
fil4 6110
) 14 10 ’
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...to Duration Calculus

. [J ITL + duration of states |

[] States: 0,1,V,—

[1 Example:
1S]] = [S=4nE>0
OP = True P True
OP = —=O-P

Leak = GasA—Flame

¢ > 60=20[Leak< ¢
O([[Leak] = ¢ < 1)
O(|[Leak]| ™[] —Leak]| " [[Leak]] = ¢ > 30)
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DC with 1teration

DC + repetition operator *

Examples (axioms of DC*) :

{=0= ¢
=09

[1 Ideal to represent the concept of repetition

[1 Note : we can introduce predicates as propositions (not
specific to DC*). Example (from [SHO1]):

| X # O A —CriticalSection||*
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WDC*

. [1 Weakly monotonic time DC with iteration
[1 DC* + microtime

[1 Special variable n, integer value

1
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Macro Time
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Projection

[1 WDC* difficult to handle
[1 Definition of a projection operator 'l

[1 Example :

N([P°) = £=0
M([P1°"Unit) TP
|_|(D1/\D2) — I'I(Dl)/\I'I(Dz)
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A word about proof support

There exists several implementations of DC in validation tools :
[1 Based on model-checking ([Pan01])

[1 PVS [Hei8a]

L] Isabelle:
[1 Isabelle/DC ([Hei99])
[1 Signed Interval Logic in Isabelle ([Ras02])

[1 Coq ([CPMO03])

ICTAC'04 - Guiyang — p. 1



Outlines

11l Introduction

11l Duration Calculus

[1 The B method

[1 Timed B substitutions

[1 Generating proof obligations

[1 Conclusion

ICTAC'04 - Guiyang —p. 1



The "classical" B method I

[] BasedalotonZ

[1 Created by J.-R. Abrial, based on the following paradigms

Set theory
Substitutions
Obiject calculus
Refinement

O O OO
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Substitutions

A convenient notation to represent state changes :

GSL | |[GSUP
skip | P
X:=E | PIE/X]
glS | gn[SP
g—3S|g=[IP
ST | IS(T]P)
ST | [SPA[TIP
S||T | simplified with rewriting rules
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Extensions of B I

[1 Semantic extensions of some substitutions ([BFMOQ])

[1 Semantic shift of B machines : concurrency, discrete-time
properties ([LFD96])

[1 Event B (implicit concurrency, modalities)
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Extended Hoare triples

ldea first presented in [SHO1] :

[1 Give oneself a simple language

Express the semantic of this language with WDC*
Checking pre- and post-conditions of this semantic

Project DC* formulas from WDC* formulas

1 O OO O

Example :

{{91}Sdur([9,H]{I} IAC=[jl IAN-C=P
. WHILE C |
{I} | DOS dur([3,1)*| {P}
| INVARIANT |
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Timed substitutions

[1 Resulting timed substitutions :

GSL | dur(|GSL|,P)
skip | [[]]
X:=E | [
delayd | (¢ =d) A [|P]|
ST | dur([§,P)Vvdur([T],P)

[0 §||T not taken into account (undeterminism, not
concurrency)

[0 lawaitC] : [[-C]|* ?
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Timed machines I

X «——Examplel =
TIMING
PRE
X >1
THEN
delay 1; x:=x-1,

END
POST

X >0
REQUIRES

3([[x=0f])

END
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Inclusion, refinement

[1 Real-time contracts : the REQUIRES clause defines a
real-time property :

dur(Operation PostCondition =- Real-time requirement?

[1 Refinement:
[1 Too early to specify time properties ?
[1 Specify a substitution with the same role as skip ?

[1 Development of a UML-based model of the level-crossing
problem on the way.
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Conclusion

[1 WDC* as an adequate semantic for B substitutions

[1 Difficulty on the side of B :

[1 Check the pre- and post-conditions semantic is
compatible

[1 No simple expression of concurrency

[1 B paradigms are somewhat counter-intuitive (||,
concept of termination,etc)
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And after...

[1 The same proof tool for verifying functional and real-time
properties

] Would Event B be more natural ?

[]

Can previous extensions be expressed with B+DC ?
[1 B+DC as a semantic for UML ?
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