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Abstract. This article presents industrial experience of validating large data sets
against specification written using the B / Event-B mathematical language and
the ProB model checker.

Keywords: B mathematical language, ProB model checker, data validation.

1 Introduction

Historically, the B Method [1] was introduced in the late 80’s to design correctly safe
software. Promoted and supported by RATP!, B and Atelier B, the tool implementing
it, have been successfully applied to the industry of transportation. Figure 1 depicts
the worldwide implementations of the B technology for safety critical software,
mainly as automatic pilots for metros. Today, Alstom Transportation Systems,
Siemens Transportation Systems and Technicatome-Areva are the main actors in the
development of B safety-critical software. They share a product-based strategy and
reuse as much as possible existing B models to develop future metros.

A more widely scope use of B appeared in the mid ‘90s, called Event-B [2], to
analyse, study and specify not only software, but also whole systems. Event-B has
been influenced by the work done earlier on Action Systems by the Finnish School
(Action System however remained an academic project). Event-B is the synthesis
between B and Action System. It extends the usage of B to systems that might contain
software but also hardware and pieces of equipment. In that respect, one of the
outcome of Event-B is the proved definition of systems architectures and, more
generally, the proved development of, so called, “system studies” [7][8][9][10][11],
which are performed before the specification and design of the software. This
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enlargement allows one to perform failure studies right from the beginning in a large
system development. Event-B has been used to perform system level safety studies in
the Railways [12], allowing to formally verify part of the whole system specification,
hence contributing to improve the overall level of confidence of the railways system
being built.

Fig. 1. Worldwide implementations (2012) of systems embedding software generated from B
models.

However, if the verification of Event-B system specification or B software
specification is quite easily reachable by semi-automated proof?, verifying embedded
data against properties® may turn to be a nightmare in case of large data sets. For the
Meteor metro (line 14, Paris), software and data were altogether in a B project [5].
Demonstrating data correctness regarding expected properties was really difficult as it
requires to iterate over large sets of variables and constants (and their domains) and
the Atelier B main theorem prover* is not designed for this activity [6], that requires
more a model checker than a theorem prover. Later on, software and data started to be
developed and validated within two different processes, in order to avoid a new
compilation if the data are modified but not the software. Data validation started to
be entirely human, leading to painful, error-prone, long-term activities (usually more
than six months to manually check 100 000 data against 200 rules)

In this article, we present a formal approach, based on the B/Event-B mathematical
language and other ProB model-checker, designed and experimented by Alstom for
the validation of railways data.

2 Automatic theorem provers usually demonstrate 90-95 % of « well written” B models, the
remaining has to be demonstrated during interactive sessions with the tool.

3 In the case of a metro, these data may represent the topology of the tracks, the position of the
signals, switches, etc.

4 That is used by both Atelier B and Rodin platform



2 The Genesis

Verifying railways systems covers many aspects and requires a large number of cross-
verifications, performed by a wide range of actors including the designer of the
system, the company in charge of its exploitation, the certification body, etc. Even if
complete automation is not possible, any automatic verification is welcome as it helps
to improve the overall level of confidence. Indeed a railways system is a collection of
highly dependent sub-system specification and these dependencies need to be
checked. They may be based on railways signalling rules (that are specific to every
country or even every company in a single country), on rolling stock features
(constant or variable train size or configuration) and exploitation conditions.

In France, AQL RATP laboratory initiated the development of a generic tool,
OVADO?>, to verify trackside data for the metro line 1 in Paris that is being
automated®. This tool, based on PredicateB predicate evaluator’, is able to parse data
(XML, csv or text-based formats), load rules and verify that these rules are compliant
with the data. Initially tested on line 13 configuration data, the tool has been able to
check 400 definitions and 125 rules in 5 minutes (see Fig 2).

Regle associée : 104

Description : >
Train dynamic departure minimum speed Description :
. Les zanes de freinage ne se recouvrent pas
Typage )
- Expression formelle :
E_a_trainDynamicDeparture minimum speed : INT --> FLOAT

L . . t(rl,r2).(rl : t_regeneratiwveBraking &
Range Excel du domaine : Train_Dynamics!A7:A27 2 | t_regenerativeBraking &
Range Excel du codomaine : Train_Dynamics!AM7:AM27 rl /= r2

a_regenerativeBrakinghArea(rl)
|-> a_regenerativeBrakingArea(r2) /: f_arealntersectirea)

Fig. 2. Example of data definition and property

However the PredicateB tool is just a calculator able to manipulate B/Event-B
mathematical language predicates: he is not able to find all possible values for any
non-deterministic substitution or to find all counter-examples. Moreover the way the
errors are displayed may lead to difficult analysis when the faulty predicate is
complex.

During the DEPLOY project’, the University of Dusseldorf and Siemens
Transportation Systems have elaborated a new approach, based on the ProB model
checker to dramatically reduce validation duration from about six months to some
minutes [3][4]. Data are extracted from ADA source code and properties come from
B models. In the case of the San Juan project, 79 files with a total of 23,000 lines of B
are parsed to extract 226 properties and 147 assertions. The verification took 1017
seconds and led to the discovery of 4 false formulas. ProB was then experimented

3 Tool for checking the B properties on railway invariants, initially developed by ClearSy

% A specific tool, initially developed for validating line 14 data, representing more than 300 000
lines of C++ code, was too difficult to maintain and to adapt to other lines. It was not reused
for other lines.

7 Hosted by the Rodin SVN Sourceforge service (http://rodin-b-sharp.svn.sourceforge.net)

8 http://www.deploy-project.eu/
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with great success on several projects: Roissy Charles de Gaule airport shuttle,
Barcelona line 9, San Paulo line 4, Paris line 1 and Algiers line 1. At that occasion,
ProB was slightly improved in order to deal with large scale problems and well

validated in order to ease its acceptance by a certification body. However analysing
false properties remains difficult (see fig 3.).

Formulas of the ASSERTIONS list:

~on(ioa,bblos - tigocs & b tocdeoeca & bb : cfg_sigcde_encl liate il{cfg |
_aig_ci encl_deblos) . chpalpodv_eecl_FisCm}IT}}
- Falus

chgciv i (i st aigh]

Caxd . fo  boeomen o efgosch_adest_supplopslidem) ¢ fcdv oce csdvin
det]}

Cakd (¢ bogtvoece = g cov_adest_suppl_pcl_i{ka) | Lovacs /(S couin
dat]}
Ctcdv_acs cfgcdv_zdest_suopl scl_{ tocdv_ocs) Choodv_pcs
pocdv_rdest_weppl_pcl i |> t_cdv_poa) -
Caigoaes < efgalgeemfip i |» bosig oonfigacs) = tolgesmPig et
{ Done )

Fig. 3. A false property and its graphical representation

3DTVT

Alstom Transportation Systems decided to experiment a new approach by reusing

successful features of previous experiments. A new tool, DTVT, is defined and
implemented. Its structure is presented on figure 4.

Data

(CSV, Excel, Text) _l
AN 7 -

B - X Compliancy
machine «¢ Pro B kCounter-exampIe

Rules
B mathematical
language

(XML)

Fig. 4. DTVT tool structure

Input data are in csv format. Data are identified through their container file and their

name. For example, Curvatures Cap!BeginValueCm refers to the wvariable
BeginValueCm in the file Curvatures Cap.xls (see figure 5).

Data

Name Filter : kp

Curvatures CaplKp_BeginValuecm

Curvatures_Cap!Kp_BeginCorrected_Trolley_Valuecm
Curvatures_CaplKp_EndValuecm
Curvatures_Cap!Kp_EndCorrected_Trolley Valuecm
Direction_Indicators_Cap!KpValuecm

Direction_Indicators_Cap!KpCarrected_Trolley_Valuecm
EMI_Cap!Kp_BeginValuecm

Fig. 5. Example of data declaration



Supported basic types are INT, BOOL and STRING. Data are sequences of these
basic types. Values are extracted from xlIs files (see figure 6, the positions are
expressed in centimeters).

Curvatures_Cap!kp_Beginvaluecm [2J ‘

Curvatures_Cap!Kp_BeginValuecm: seq(INT) =

[402240,416643,428 132, 45006 5,458742, 45 1023, 54622, 534304, 603370, 6 16067, 645656, 674063, 736472, 771470, 802893, 875 138,343344, 1080130, 1117335, 1163438, 1188794, 1217486, 1225136, 1243441, 1325
231,1389276, 1420621, 1424969, 1444460, 1478132, 1515969, 1561262, 1602306, 1640 17, 1674053, 1715161, 1727417, 1747674, 180733 1, 18948 10, 1942644, 196 3763, 1983824, 402435, 416575, 430283, 447899, 454
537,458162,492882,554871,597210,6 16579,645494,673761,737091, 771512,802136,875196,342226, 1080535, 1117756, 1162718, 1138675, 1218116, 1225730, 40 1260, 1250376, 413028, 1324875, 452109, 138831
4,454569, 1420158, 1027313, 1424509, 1048847, 1443398, 1479259, 1514980, 1560912, 16025 16, 1637622, 1674770, 1715291, 1728021, 1747758, 1807487, 189450 1, 1942335, 1964763, 1983825, 1989334, 20 13367,20
58321,2075505,2120694, 2125943, 2185320, 225455 2, 226 1949, 2306482, 2346513, 2368876, 2404410, 2498757, 2556685, 2580410, 2534032, 265426 1, 2717628, 2727890, 2764850, 2771385, 2790228, 28566 75, 28985
26,2917115,1389334,20 13421, 2058344, 2075834, 2124341, 2125943, 2185320, 2254562, 226 1949, 2306479, 2346413, 2368876, 240438 1, 2496 785, 2556697, 2560397, 2634032, 26 5426 1, 2717629, 2727389, 2764874,
2771367,2790928, 2851982, 2398560, 2917131]

Fig. 6. Example of data valuation

The verification rules are expressed using the B mathematical language and structured
as B operations. Instead of having to deal with to large, quantified predicates, a
verification rule is decomposed in small steps that allow displaying accurate error
message helping to determine the source of the error.

A rule is composed of one or several COUNTERAMPLEs. COUNTEREXAMPLES
are evaluated in the order they are defined. A COUNTEREXAMPLE is followed by a
formatted message (%1, %2, %3, etc. represent the value of the first, second, third
parameter of the following ANY substitution).

The ANY substitution allows to filter data or to calculate values. In the figure 7, the
first rule computes the number of couples of the sequence ATC Equipment Type
corresponding to the type “Trackside OMAP”.

The ANY substitution is followed by an EXPECTED field. If the value calculated by
the ANY substitution doesn’t comply with this field, the error message is displayed
with its parameters instantiated. In the figure 7, the error message of the second rule
displays the value of urbalisSectorID (%1) and idZC (%3).

Rule_DB_ATCEQUIP_0007 [ |

all be at most 10 local OMAR, and one Trackside OMAP sha

COUNTEREXAMPLE

%1 local OMAP found

nbLocOMAP
TYPE

INT
WHERE

nbLocOMAP = card(ATC_Equipments_Cap! ATC_Equipment_Type | ={ Trackside OMAP™})
EXPECTED

nbLocOMAR <= 10
END;
COUNTEREXAMPLE

ZC %1 has %3 defined trackside OMAP

urbalisSectorID, idZC, nb, nameZC
TYPE
STRING, INT, INT, STRING
WHERE
idZC : ATC_Equipments_Cap! ATC_Equipment_Type~[{"ZC"}] &
urbalisSectorID = ATC_Equipments_CaplUrbalis_Sector_ID{dZC) &
nameZC = ATC_Equipments_Cap!Mame(dZC) &
nb = card{dom{A&TC_Equipments_Cap!Urbalis_Sector_ID|>{urbalisSectorID}) A\ dom{ATC_Equipments_Cap!ATC_Equipment_Type|={"Trackside OMAP"}))

EXPECTED
nb=1
END

Fig. 7. Example of a verification rule



ProB is the central tool for the verification. It is modified in order to produce a file
containing all counter examples detected (see figure 5) and slightly improved to better
support some B keywords.

4 ¥ DB_ATCEQUIP

' Rule_DB_ATCEQUIP_D001

¥ Rule_DB_ATCEQUIP_0002

" Rule_DE_ATCEQUIP_0002

" Rule DE_ATCEQUIP_0004

4 % Rule DE_ATCEQUIP 0007
K 7CUS B has 2 defined trackside OMAP
#K  ZCUS_Chas 2 defined trackside OMAP
* ZC US_A has 2 defined trackside OMAP

Rule_DB_ATCEQUIP_p007 [

Rule_DB_ATCEQUIP_0007_1('US_B",45,2, ZC_B);
Rule_DB_ATCEQUIP_0007_1{"US_A",4,2,"2C_A");
Rule_DB_ATCEQUIP_D007_1{"US_C",5,2,"2C_C")

Fig. 6. Example of faulty verification: meaningful messages are generated for all
counter examples

DTVT has been experimented with success on several ongoing developments
(Mexico, Toronto, and Sao Paulo, Panama) to verify up to 50,000 Excel cells against
up to 200 rules. A first round allowed defining required concepts, intermediate
constructs (predicates used by several rules) and formalizing a set of generic rules that
are shared by all projects. During the next rounds, specific project rules and data files
were added. A complete verification is performed in about 10 minutes, including the
verification report. The process is completely automatic and can be replayed without
any human intervention when data values are modified.

5 Conclusion

Data validation appears to be of paramount importance in safety critical systems. The
results obtained in this domain during the DEPLOY project have allowed to create
and experiment with success on real scale projects a method for validating data
against properties, based on the ProB model-checker.
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