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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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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
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•FOR 

sig, ixl

WHERE

sig : sys_sud_er::Signal &

sig : dom(sys_sud_er::Signal__dptId) &

sig : dom(ic::sys_sud_er::signal_geopoint) &

ic::sys_sud_er::signal_geopoint(sig) : ic::sys_sud_er::zone_GPZone (sys_sud_er::IXL_Core__singleZone(ixl))

THEN

VERIFY

sys_sud_er::Signal__dptId(sig) : ran(sys_sud_er::IXL_Core__signal(ixl))

MESSAGE

«The signal %1 belongs to IXL_Core %2 territory but is not referenced among its signals.»

ARG sys_sud_er::Signal__name(sig) TYPE STRING

ARG sys_sud_er::IXL_Core__name(ixl) TYPE STRING

ENDVERIFY

ENDFOR



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.
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“When we fire a nuclear missile underwater, 
we want to be sure that the ‘door’ is open”

“An Air-France flight landed in Brussels 
with guidance from Zurich airport”

Trust me: you don’t want to know
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F_Opening = 
SELECT

CommandOpening = TRUE
THEN

PSDOpen := TRUE
END;

B model

VARIABLE PSDOpen
MEDIUM Internal
TRANSLATION

Status of the non locked PSD: open or not
END

TRANSLATION PSDOpen:=TRUE
PSD are opening

END

Dictionnary
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Safe and Reliable Metro Platform Screen Doors Control/Command Systems, T. Lecomte, SBMF 2008
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A « Correct by Construction » Realistic Digital Circuit, M. Benveniste, RIAB/FM 2009
On Using B in the Design of Secure Micro-controllers: An Experience Report, M. Benveniste, B 2011

“When it works, it works”

18 levels for an IF-THEN-ELSE ???

How many levels for Intel Core i7 ?



• 18 levels of refinement for a 20k gates micro-electronic component
• How many zillions levels required to model a metro line and address very low level details ?
• Challenge: proving that a new CBTC (Thales) enforces safety on New York L7 metro

– No structural “model of everything”
– End-product readable and understandable by customers
– Reusable on other lines



• Protection zone proof: 35 assumptions, 2 
subproofs, 30 events, 1400 loc model

• 2 years to complete

• NYCT analysed positively the proof documents

• Reused on Culver line (50% effort reduction)

• Experimented on:
– ERTMS Regional 

– Paris metro (xx lines automated until 2030)

Proof document: 90 pages

Reference:
D. Sabatier, L. Burdy, 
New York Metro Flushing line: System level formal verification , 
June 2013
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Rule packages

Backward

Forward
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Increasing Proofs Automation Rate of Atelier-B Thanks to Alt-Ergo, S. Conchon, M. Iguernlala, RSSR 2016
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https://github.com/TProver/TRBM
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Model.sys
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≡ Event-B model

Constants

Variables

Events

≡ Parameters

Constants

Variables
• reset 
• clock
• inputs
• combinatorial outputs 
• synchronous outputs

Events
• reset
• phi (input acquisition)
• psi (combinatorial propagation)
• update registers and synchronous outputs

≡ Event-B model

Constants
• bit level operation

Variables
• reset 
• clock
• inputs
• combinatorial outputs 
• synchronous outputs

Events
• reset
• phi (input acquisition)
• psi (combinatorial propagation)
• update registers and synchronous outputs
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B Implementation
LLVM IR code

B Specification



Modèle

Mapping

ASM Mips32 Hex
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Funded by

≡ 1 B model (application)
• Data

• Integer arithmetic
• Boolean equations
• State machine
• Variables typing and properties

• Cyclic software, no interrupt modifying state 
variables

≡ Application proved vs requirements
• Implementation doesn’t contradict

specification
• A minima, no programming error:

• overflow,  
• div 0, 
• tables

≡ 1 C code generator + commercial compiler => Hex

≡ 1 ASM MIPS / Hex code generator

≡ Low level software ensuring safety developped in B
• Once for all
• Safety features out of reach of the developers
• No requirement to certify the tools
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≡ Starter-kit @ Q3 2017
• Mother board (I/Os, maintenance processor, network sockets)

• Daughter card, embedding the double-processor

• IDE v1, based on Atelier B

≡ IDE v2 @ Q2 2018

≡ IDE v3 @ Q2 2019
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Formal Virtual Modelling and Data Verification for Supervision Systems, FM 2015

A « Correct by Construction » Realistic Digital Circuit, RIAB/FM 2009

Formal Data Validation in the Railways, SSS 2016

Formal Methods in Safety-Critical Railway Systems, SBMF 2007

+10B passengers transported by « B inside » metros - Lille 2015, Paris L4 2018
+100M passengers going through doors operated by B software

Sao Paulo L15 2016, Stockholm Citybanan 2017  

Double Processor and Formal Proof for SIL4 Automation, λµ 2016

formal methods are only a tiny part of the whole picture
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