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Specification M0

Implementation M0_i

OPERATION f1

OPERATION f1

Specification N0

OPERATION f2

Specification P0

OPERATION f3

calls

f1 = 

BEGIN

f2();

f3()

END

B module

IMPORTS N0, P0
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http://www.atelierb.eu/en
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http://upload.wikimedia.org/wikipedia/commons/b/b6/Ligne-14-Chatelet-1.jpg
http://upload.wikimedia.org/wikipedia/commons/b/b6/Ligne-14-Chatelet-1.jpg
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Automatic Refinement, L. Burdy, J.M. Meynadier, FM 1999
Return of Experience on Automated Refinement in B, T. Lecomte, SETS 2014
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« There is overEnergy iff I can find a track section starting at X2M, complying with the dynamic
chaining of blocks, on which I can

- either find a restriction belonging to a block such as the energy on that restriction, computed by
summing deltas of energy of all restrictions located between X2MRes and this restriction, is
greater than the energy associated to this restriction,

- or find 2 restrictions belonging to the EOA block, one being before the track section under
consideration, the other after the track section, such as the energy associated to the EOA by
using these restrictions is positive. »

[Extract from Automatic Train Protection specification]
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p_over := bool ( # ( over_track ) . ( ( over_track : seq ( t_block * t_direction ) & over_track /= {} & first ( over_track ) = p_X2MBlock |> p_X2MDir & ! ii . ( ii : 1 .. size ( 
over_track ) - 1 => ( over_track) ( ii ) : dom ( sidb_nextBlock ) ) & ! ii . ( ii : 1 .. size ( over_track ) => sidb_nextBlock ( ( over_track ) ( ii ) ) = ( over_track ) ( ii + 1 ) ) ) &( # 
( over_res ) . ( ( over_res : sidb_restrictionApplicable & ( # ii . ( ii : dom ( over_track ) & ( ( prj2 ( t_block , t_direction ) ( over_track ( ii ) ) ) = c_up => over_res : ran ( 
sgd_blockUpRestrictionSeq ( ( prj1 ( t_block , t_direction ) ( over_track ( ii ) ) ) ) ) ) & ( ( prj2 ( t_block , t_direction ) ( over_track ( ii ) ) ) = c_down => over_res : ran( 
sgd_blockDownRestrictionSeq ( ( prj1 ( t_block , t_direction ) ( over_track ( ii ) ) ) ) ) ) & ( ii = 1 => not ( over_res <= p_X2MRes ) ) & p_X2MSSWorst + p_X2MDSS + ( 
SIGMA( jj ) . ( jj : 1 .. ii | SIGMA ( pre_res ) . ( pre_res : t_restriction & ( ( prj2 ( t_block , t_direction ) ( over_track ( jj ) ) ) = c_up => pre_res : ran ( 
sgd_blockUpRestrictionSeq ( ( prj1 ( t_block, t_direction ) ( over_track ( jj ) ) ) ) ) ) & ( ( prj2 ( t_block , t_direction ) ( over_track ( jj ) ) ) = c_down => pre_res : ran ( 
sgd_blockDownRestrictionSeq ( ( prj1 ( t_block , t_direction ) ( over_track ( jj ) ) ) ) ) ) & ( jj = 1 => not ( pre_res <= p_X2MRes ) ) & ( jj = ii => not ( pre_res >= over_res ) 
) | sgd_restrictionDeltaSqSpeed ( pre_res ) ) ) ) > sgd_restrictionSquareSpeed ( over_res ) & ( over_res : sgd_restrictionFront => p_X2MResDist + ( ( SIGMA ( ti ) . ( ti : 
1 .. ii | sgd_blockLength ( ( prj1 ( t_block , t_direction )( ( over_track ) ( ti ) ) ) ) ) ) ({ c_down |>sgd_blockLength ( p_X2MBlock ) sgd_restrictionAbs ( p_X2MRes ) , c_up
|>sgd_restrictionAbs ( p_X2MRes ) } ( p_X2MDir ) ) ({ c_down |>sgd_restrictionAbs ( over_res ) , c_up |>sgd_blockLength ( ( prj1 ( t_block , t_direction ) ( ( over_track
) ( ii ) ) ) ) sgd_restrictionAbs ( over_res ) } ( ( prj2 ( t_block ,t_direction ) ( ( over_track ) ( ii ) ) ) ) ) ) + sgd_restrictionLength ( over_res ) > loc_locationUncertainty + 
c_trainLength ) ) ) ) ) or ( # ( eoa_res , res_after_eoa , ii ) . ( eoa_res : t_restriction & res_after_eoa : t_restriction & ii : dom ( over_track ) & p_EOABlock = ( prj1 ( 
t_block , t_direction )( over_track ( ii ) ) ) & ( ii = 1 => p_X2MRes <= eoa_res ) & ( ( prj2 ( t_block , t_direction ) ( over_track ( ii ) ) ) = c_up => eoa_res : ran ( 
sgd_blockUpRestrictionSeq ( p_EOABlock ) ) & res_after_eoa : ran ( sgd_blockUpRestrictionSeq ( p_EOABlock ) ) & sgd_restrictionAbs ( eoa_res ) <= p_EOAAbs & 
p_EOAAbs < sgd_restrictionAbs ( res_after_eoa ) & ! ri . ( ri : ran ( sgd_blockUpRestrictionSeq ( p_EOABlock ) ) => ri <= eoa_res or res_after_eoa <= ri ) ) & ( ( prj2 ( 
t_block , t_direction ) ( over_track ( ii ) ) ) = c_down => eoa_res : ran ( sgd_blockDownRestrictionSeq ( p_EOABlock ) ) & res_after_eoa : ran ( 
sgd_blockDownRestrictionSeq ( p_EOABlock ) ) & sgd_restrictionAbs ( eoa_res ) >= p_EOAAbs & p_EOAAbs > sgd_restrictionAbs ( res_after_eoa ) & ! ri . ( ri : ran ( 
sgd_blockDownRestrictionSeq ( p_EOABlock ) ) => ri <= eoa_res or res_after_eoa <= ri ) ) & p_X2MSSWorst + p_X2MDSS + ( SIGMA ( jj ) . ( jj : 1 .. ii | SIGMA ( pre_res ) 
. ( pre_res : t_restriction & ( ( prj2 ( t_block , t_direction ) ( over_track ( jj ) ) ) = c_up => pre_res : ran ( sgd_blockUpRestrictionSeq ( ( prj1 ( t_block , t_direction ) ( 
over_track ( jj ) ) ) ) ) ) & ( ( prj2 ( t_block , t_direction ) ( over_track ( jj ) ) ) = c_down => pre_res : ran( sgd_blockDownRestrictionSeq ( ( prj1 ( t_block , t_direction ) ( 
over_track ( jj ) ) ) ) ) ) & ( jj = 1 => not ( pre_res <= p_X2MRes ) ) & ( jj = ii => pre_res <= eoa_res ) | sgd_restrictionDeltaSqSpeed ( pre_res ) ) ) ) ({ c_up |>( 
sgd_restrictionAccel ( eoa_res ) * ( ( sgd_restrictionAbs ( res_after_eoa ) p_EOAAbs ) / 1024 ) ) / 2 , c_down |>( sgd_restrictionAccel ( eoa_res ) * ( ( p_EOAAbs
sgd_restrictionAbs ( res_after_eoa ) ) / 1024 ) ) / 2 } ( ( prj2 ( t_block , t_direction ) ( over_track ( ii ) ) ) ) ) > 0 ) ) or ( # ( eoa_res , ii ) . ( eoa_res : t_restriction & ii : dom 
( over_track ) & ( ii = 1 => not ( eoa_res <= p_X2MRes ) ) & p_EOABlock = ( prj1 ( t_block , t_direction ) ( over_track ( ii ) ) ) & ( ( prj2 ( t_block , t_direction ) ( 
over_track ( ii ) ) ) = c_up => eoa_res : ran ( sgd_blockUpRestrictionSeq ( p_EOABlock ) ) & eoa_res = last( sgd_blockUpRestrictionSeq ( p_EOABlock ) ) & 
sgd_restrictionAbs ( eoa_res ) <= p_EOAAbs ) & ( ( prj2 ( t_block , t_direction ) ( over_track ( ii ) ) ) = c_down => eoa_res : ran( sgd_blockDownRestrictionSeq ( 
p_EOABlock ) ) & eoa_res = last ( sgd_blockDownRestrictionSeq ( p_EOABlock ) ) & sgd_restrictionAbs ( eoa_res ) >= p_EOAAbs ) & p_X2MSSWorst + p_X2MDSS + ( 
SIGMA ( jj ) . ( jj : 1 .. ii | SIGMA ( pre_res ) . ( pre_res : t_restriction & ( ( prj2 ( t_block , t_direction ) ( over_track ( jj ) ) ) = c_up => pre_res : ran( 
sgd_blockUpRestrictionSeq ( ( prj1 ( t_block , t_direction ) ( over_track ( jj ) ) ) ) ) ) & ( ( prj2 ( t_block , t_direction ) ( over_track ( jj ) ) ) = c_down => pre_res : ran( 
sgd_blockDownRestrictionSeq ( ( prj1 ( t_block , t_direction ) ( over_track ( jj ) ) ) ) ) ) & ( jj = 1 => not ( pre_res <= p_X2MRes ) ) & ( jj = ii => not ( pre_res >= eoa_res ) 
) | sgd_restrictionDeltaSqSpeed ( pre_res ) ) ) ) + ( { c_up |> ( sgd_restrictionAccel ( eoa_res ) * ( ( p_EOAAbs sgd_restrictionAbs ( eoa_res ) ) / 1024 ) ) / 2 , c_down |> 
( sgd_restrictionAccel ( eoa_res ) * ( ( sgd_restrictionAbs ( eoa_res ) p_EOAAbs ) / 1024 ) ) / 2 } ( ( prj2 ( t_block , t_direction ) ( over_track ( ii ) ) ) ) ) > 0 ) )





Safe and Reliable Metro Platform Screen Doors Control/Command Systems, T. Lecomte, SBMF 2008
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Formal Data Validation in the Railways, T. Lecomte, SSS 2016
Using B and ProB for Data Validation Projects, D. Hansen, D. Scheiner, M. Leuschel, book chapter 2016

From Animation to Data Validation: The ProB Constraint Solver 10 Years On, M. Leuschel, J. Bendisposto, I. Dobrikov, S. Krings, D. Plagge, book chapter 2014



≡ Modelling language based on set theory and first order predicates logic (B mathematical language)

Let the set TrackCircuit = {t1, t2, t3, t4, t5}

Let the function Next : TrackCircuit 2 TrackCircuit

Example: Next(t1) = t2, Next(t2) = t3, Next(t3) = t4, Next(t4) = t5

Next = {t1 m t2, t2 m t3, t3 m t4, t4 m t5}

One may define FirstTrackCircuit : TrackCircuit – ran(Next)

Let the function KpAbs : TrackCircuit 3 N

!x.(x: TrackCircuit & x : dom(Next) y KpAbs (Next(x)) > KpAbs(x))

Modelling Language



• A rule requires a minima:
– A selection predicate

– A verification predicate

– An error message if the verification fails

Rule

Let Sg be the signals of the track  Tr

Each signal Si of Sg is defined in the table Tr

« The signal % used by track % is not defined », Si, Tr

Tr
0 Tr

1 Tr
2 Tr

3

S0 S2 S3 S5

S1 S4

Sg S0 S1 S2 S3 S4 S5

ANY

S, i

WHERE

i ∈ dom(Tr) &

S ∈ Tr(i)

EXPECTED

S ∈ Sg

END

Tr is a function defined for the values 0 to 3 (its domain). 

Tr(0) = {S0, S1}

Tr(1) = {S2}

Tr(2) = {S3, S4}

Tr(3) = {S5}
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For each GradientTopology (GradientTopology.BOT-Zone) totally included in a segment, a Gradient 
(Gradient.BOT-Zone) is created with the same attributes. 
For GradientTopology intersecting different segments, several Gradients (Gradient.BOT-Zone) are 
created so that each of them is located in only one segment.

When the gradient is constant (GradientTopology.isConstant = Yes):
- the variable gradient information (Gradient.VariableGradient) is not set.
- the constant gradient information is set with the same information of GradientTopology for both 
parts.
- the elevationDifference.elevationEnd of the part1 and elevationDifference.elevationStart of the part2 
(reference to the above figure) are equal to elevationStart + gradient*Length1.
- the information isConstant is set to Yes for both parts.

When the gradient is not constant (GradientTopology.isConstant = No):
- the constant gradient information (ConstantGradient) is not set.
- the elevationDifference.elevationEnd of the part1 and elevationDifference.elevationStart of the part2 
(reference to the above figure) are equal to elevationStart +2*radius*sin(Length1/ 
(2*radius))*sin(gradientStart +Length1/ (2*radius)).
- the information radius and transitionCurveType of the variableGradient information are the same for 
both parts (as initial GradientTopology information)  .
- the information gradientEnd for part1 and gradientStart of part2 for variableGradient information are 
set to (gradientEnd-gradientStart)/(Length1 +Length2)*Length1 + gradientStart.
- the information isConstant is set to No for both Part.

40 lines

≡



≡ Validation of compilation principles of a SIL2 IDE (TGV Atlantique)

• Compilation of hierarchical grafcets into binary file

• Property: sub-grafcets activated in the binary file should correspond to sub-grafcets activated in the models

• It exists a bijection  bij which associates to any GRF node an ADR node such as successors match.

bij : GRF 9 ADR & !xx.(xx : GRF y bij[next[{xx}]] = suiv[bij[{xx}]])

Other applications

GRF = {main, G1, G2, G3, G4, …. } 
next : GRF 1 GRF
next = { …, G7 m G11, …}

ADR = {0x01, 0x13, 0x15, …} 
suiv : ADR 1 ADR
suiv = { … , 0x10 m 0x15, …}



≡ Matching between 2 graphs, containing 167 nodes, in less than 10 s

Other applications
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LCHIP in a Nutshell

DESIGN EXECUTION
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Proof more efficient / automatic
Integration of diverse provers
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