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Overview

® 1. formal mind and its tools
® 2. data validation

® 3. the future
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background

gmbh (limited), based in dusseldorf,
germany

spin-off from university of dlsseldorf

expert services: formal verification,
requirements management &
engineering

open source software: ProB & ProR
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Requirements Engineering

Requirements I Specification Implementation

. ProR

* Optimizing Communications
* Integration into existing processes

* Interoperability with the ReqlF standard
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Classifying informal and formal artefacts

= ProR - platform:/resource/LiftCaseStudy/Specification.reqif - Eclipse Platform i
File Edit Navigate Search Project Run ProR Window Help

H-EHR® QA IIY (HrFreeror RXP & BE)S

R) *Specification.reqif '. ]

Functional Requirements Artefacts

The current [floor] shall be between the
@ R-1 [ground_floor] and the [top_floor]

If the [lift cage] is moving [up] or moving [down],
@ R-2 the [door] shall be [closed]

Support for classifying informal and for- ¥ inv3 (ml)
mal artefacts as W (domain properties), R rest]the[iift cage) fg

. : . he [ground_flog
(requirements) and S (specification).
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Annotated traces to modelling elements
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- ‘ R “Specification.reqd R, “rmf-TbedB83b-255b-405f-b7af-0a69d32e91a i3 Q) ml =
) *Specification.reqif | (R *rmf-Tbed883b-255b-405¢-b7af-0s69d32ef91 o iR e SR e i T | :
‘r—s Deciton Souce [rroe oot I -
" move by = > invl (m0)
: door ¥ the [Ift cage] is moving [up] or moving [down],
INVARIANTS 12 O -2 the [door] shall be [closed] R 0>eD1
inv3: move € {up,down} = door = closed
idspdn door & fowe, closed) st theom inv3 (gol)
EVENTS The [passenger] can [request] the [lift cage] fora S
- . floor] which is between the d_floor] and th
Manual creation of traces between require- 3 or: e R — I>OD2
ments and formal model elements is sup- - — lmV—_\ o P

ported via drag and drop. The right column - =
“Link” of the specification editor summarizes Propety
the number of outgoing (target) and incoming sero
(source) traces. Selecting an outgoing trace =
shows the targets properties in the Properties e

View. Furthermore, traces can be annotated if

additional information is necessary.

t Value

inv3: move € {up, down) == door = closed

'3
W\ £2emf-29852904-5550-415b-9¢b8-€02501
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Tracing of phenomena used in artefacts

In order to add a uses-trace for
an phenomenon to an artefact,
the corresponding text passage

Red marked text passages
reminds the user that an un-
b-255b-405f-b7af-0a69d32ef91a I3 declared phenomena is used.

is put in square brackets. . e
Qeicription 3
1 @ Functional Requirements Artefacts
11 @ R1 be between the [ground_floor] and the [top_floor] :
12 O R-2 the lift cage is moving [up] or moving [down), the [door] shall be [closed] -
"‘The [passenger] can [request] the lift cage for a [floor] which is between the
13 @ R3  lground floor
Unmarked, recognised icements Artefacts Blue marked text passages

ena are highlighted as we
warn the user about a possible
omission.

* are recognised phenomena.
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Change management

3 @ World Artefacts
31 o W-1 The [lift cage] takes [tf] time units to travel from one [floor] to the next
| [lift cage idl 2 :
3.2 @ W-2 The [lift cage] may be idle, moving up or moving down N
- inv2 (m0Q)
g - switch_move (m0)
23 Q W-3 The lift system has [N] [floors]

>

——

When traced formal model elements change, the trace is marked as “suspect” by
showing a small icon. Two columns exist for the source and the target of the trace,
respectively. The user sees at a glance which requirements or formal model elements ~©
need to be revalidated. This is particularly useful if the requirements document be-

comes large. By double-clicking on the “suspect™ 1con, the user can mark the trace as
“revalidated” and the icon will be removed.
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now: Eclipse Foundation Project !

http://www.eclipse.org/rmf/

VIR

Requirements Modeling Framework

Download

Eclipse Distribution,
Update Site, Dropins

[
-
\.\’!5_"

Documentation

Tutorials, Examples,
Videos, Online Reference

RMF - Requirements Modeling Framework

The vision is to have at least one clean-room
implementation of the OMG ReqlF standard in form of an
EMF model and some rudimentary tooling to edit these
models. The idea is to implement the standard so that it
is compatible with Eclipse technologies like GMF,
Xpand, Acceleo, Sphinx, etc. and other key technologies
like CDO.

Reqglf Core - The first initial contribution will come from
itemis and will include our implementation of the ReqlF
and RIF metamodels as .ecore models, including special
(de)serializers that map the EMF-models to a ReqglF
conforming standard. The model and (de)serializers are
already available atitemis and need only be provided.

ProR GUI - The second contribution will come from
Formal Mind and the University of Disseldorf and will
include a front end that facilitates working with ReqlF
data (ProR). While ReqlF data could also be edited with
the default EMF editor, this is not even remaotely
practical: a tree view of the requirements, with the details
shown in the property view, doesn't allow users to
efficiently navigate requirements or get an overview of
what's there.

This project was just provisioned. You can see the
proposal here

@~ Support

\ | Bug Tracker, Newsgroup

N/

Professional Support

Current Status

@.

incubation

18-Jun-2012 - Third Snapshot Build (0.3.0)
available.

18-Apr-2012 - Second Snapshot Build (0.2.0)
avalilable.


http://www.eclipse.org/rmf/

Formal Specifications

Requirements Specification I Implementation

- e

* More efficiency in validating formal specifications
* Optimizing existing tool chains
* Supports compliance with safety standards
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what can ProB do for me ?

my model

o, )
Event-B,
== Z TLA
| :;{,I,_,_L S S
|' -5 Model Checking
=
=E Constraint-Based —
—~E Checking Large
Test Generation —————
- - I Constraint
=l ) S Solving
T . Animation e
o Extensive Infrastructure
Visualization Testing &
Y Validation

Coverage Reports

\

Industrial Usage:
Alstom,
Siemens, ...
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BMotionStudio

® on top of ProB

.2 Palette [

® Editor: G
® link graphical elements with B « Rt
expressions and predicates o Compart

2] Text

[ Textfield

® Important so that domain experts car =
detect errors in your models
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Event R p_CrCtl_Acceleration 0 0 -
p_CrCtl_EnvTameControl 0 0
© CrCtl_Change_State_CI_ACC_R128a [" BRAKE ERROR P crotl Mode UBAT OFE UBAT OFF i)
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O CrCtl_Change_State_CIEND_ACC R153a F‘:Cftt L a’g»':t:lc-:eieratm'\.- 0 0
© CeCtl_Change_State CI_END_ACC_RIS3b Pedal ACC P_CrCtl_TargetSpeed_Speed 0 0
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Vessel data

Length (meters): 20

[# max. speed <= T knots Set

-

maared (ashare)

=ailing

power driven

under aars (rowed)

anchored where no other vessels normally navigate

anchored elewhens

(30 R I T el )

aground

not under command, making way trough the ...

not under command, stopped

restricted ability to manoeuvre, making way

restricted ability to manoeuvre, stopped

=

= O

] State &3

Mame

VEIIELLYpE

wFormulas

k4

invariants

pvessellength € N

=] Ltl Counter-Example

p underway € vesselstate = anchored € v

panchored € vesselstate = underway € v

paground € vesselstate = anchored & wve

pmoared € vesselstate =+ anchored & ves

p lightArc € LIGHT + N

B lightArc({towinglight) = lightArc{stern

p LightArcFrom{towinglight) = lightArcFr

plightArcTo{towinglight) = lightArcTols
plightArc(sidelightStarboard) = LightAr

pvesseliype
pvesseliype
pvesseliype
pvesseliype
pvesseliype
B vesseliype
pvesseliype
pvesseliype
pvesseliype
pvesseliype
pvesseliype
3 vescalty
B vesseliype
B vesseliype
pvesseliype
pvesseliype
pvesseliype
pvesseliype
pvesseliype

e

powerdriven A undersay €

powerdriven A (underway €

powerdriven A (underway €

powerdriven A (underway €

powerdriven A (underway €

sailing

sailing

sailing

sailing

sailing

sailing

A LUnderway € Ves
A UNder«ay € Vess
A UNdEr«ay € Vess
A UNder«ay € Vess
A UNdEr«ay € Vess

A LUnderway € ves

= sailing A underway & w

rowed A (Underway € vesse

rowed
rowed
rowed
rowed
rowed

A

A

A

A

A

underway € vessel
underway € vessel
underway € vessel
underway € vessel

Lunderway € vesse

rowed & underway € vessel

pallroundlights € N +— COLOR

pcardiallroundlights)

pposX € N

- aX10ms

= f

invariantVislatedi no eve
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2. Data Validation












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




E
UpLink

F
DownlLink

Route_tx_ 005
Route_wx_002
Route_wx 128

Route_tx_00&

EndLine_001
Route_tw_006
Route_wx 128

Route_wx 002
Route_wx_128
Route_tx_00&
Route_wx_128
Route_tx_005

Route_ww 002
EndLine_000
Route_tx_00&

Route_wwx 128

Route_ww 002
Route_wx_002
Route_tx_005
Route_wx_002

G
Length

345
128
23

291

110
145
34

1

1
22
51

H
GP51

[FSSp——

GP5 2

M 50.85 963 O6.84 201

0 N50.85933 O6.84 508
0 N50.86 123 O 6.84 550

Your Data

] A B C D
1 ' Name D IP Type
2 |Route_tx_ 001 243 R
3 | Route_wx_002 128 R
4 | Switch_w_003 256 192.16.4.55 5
5 |Relay_s_004 12 152.16.4.10 ¥
b |Route_tx_005 3 R
¢ |Relay_s_ 001 55 152.16.4.125Y
& |Route_tx 006 22 R
9 |Route_wx_128 127 R
10 | Switch_w_009 242 192.16.4.10 5
11 EndLine_000 0 E
12 Endline_001 1 E
13 |Signal_xs_002 32 15216412 G
14 | Signal_xs_ 003 33 152.16.4.13 G
15 |Balise_b_001 30 B
16 |Balise_b_002 302 B
21 |Asserlion: FORZ Tool  ProB
22 |03 [F=02 Jmd0d2es Omdo TE3s
23 |02 [F= Jmidod25ss | Omdo. TESS
24 |03 DIV [FD= D Jmid0d2es Omdo. TEds
25 |DIV [FD= 23 _Dw Jmid0d2es | Omdo. TESs
26 |02 [F=04 Jmid0d2es Omdo. TEds
27 |04 [F= 02 dmd0dEFs  Omdo.Fis
28 |02 [FD= 04 Jmd0dEFs Omdo. FY8s
29 |04 [FD=102 Jmid0d2es Omdo. 7488
30 |Summarized Tirme: Omd0.208s  OmdB.117s

- =

ProB without | ProB Assertion

amido. Tl
amdo. Fods
amd0. FOrs
amid0. FO5s
amid0. FO5s
amdo. 7105
amdo. 7405
amdo.ees
amids. GEEs

Jma0.J06s
Jmao.aos
Jmao.aos
ama0.aods
ama0.acds
ama0.aods
ama0.alids
ama0.alids
amao.d16s

||

01-212-555-1234
01-212-355-1234
01-212-555-1234
01-212-355-1234
01-212-555-1234
01-212-355-1234
01-212-555-1234
01-212-355-1234
01-212-555-1234
01-212-355-1234
01-212-555-1234
01-212-355-1234
01-212-555-1234

01-212-555-4321
01-212-355-4321
01-212-555-4321
01-212-355-4321
01-212-555-4321
01-212-355-4321
01-212-555-4321
01-212-355-4321
01-212-555-4321
01-212-355-4321
01-212-555-4321
01-212-355-4321
01-212-555-4321

|~

someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com
someone@example.com



IS It consistent ?

- A - C | D | E | F | G | H | |
1 |Name D IP Type Uplink Downlink Length GPS 1 GPS 2
~ & |Route_tx_001 243 R Route tx 005 Route_wx 002 345
~ 3 |Route_wx_002 128 R Route wx_00Z EndLine_000 128
~ 4 | Switch_w_003 Route_wx 128 Route tx 006 23
5 |Relay_s_004 M 50.85963 06.84 201
~ B |Route_tx_005 Route_tx 006 Route wvx 128 291
_ ¢ |Relay_s_001 55 192.16.4.12%Y
~ 5 |Route_tx_006 22 R Endline_001  Route_wx_002 110
~ 9 |Route_wx_128 1 Route tx 006 Route wx 002 145
10 | Switch_w_003 Route_wx 128 Route_tx 005 34
11 |Endline_000 Route_wvx 002 1
12 |Endline_001 Route wx 002 1

b N &0.85 93
16 |Balise_b_002 302 B Route_tx_005 0 N50.86 12

0 6.84 508
0 6,84 550

IS It safe ? IS It correct ?






A D E F
Name Type UplLink Downlink Length
Route_tx_001 R Route_tx_005 Route_wx_002 345
Route_vx_002 R Route_wx_002 EndLine_000 128
Switch_w_003 152.16.455 § Route_wvx_128 Route_tx_006 23
Relay_s_004 192.16.4.10 ¥ N 50.85 963 06.84 201
Route_tx_005 R Route_tx_006 FRoute_wx_128 291
Relay_s_001 192.16.4.125Y
Route_tx_006 R EndLine_001  Route_wx_002 110
Route_vx_128 R Route_tx_006 Route_wx_002 145
Switch_w_009 192.16.4.10 5 Route_wx_128 Route_tx_005 34
EndLine_000 Route_wx_002 1
EndLine_001 Route_wvx_002 1
Signal_xs_002 192.16.4.12 Route_wx_128 22
Signal_xs_003 192.16.4.13 Route_tx_006 51
Balise_b_001 Route_wx_128 0 N50.85533 06.84508
Balise_b_002 Route_tx_005 0 N50.86123 06.84550
-

-~

‘.
' ’ )
}. v - J
3 ~
A B I E F G
Name [+} UplLink Downlink Length GPS1
Route_tx_001 Route_tx_005 Route_wvx_002

Route_vx_002 Route_wx_002 EndLine_000
Switch_w_008 Route_wx_128 Route_tx_006

Lo,

M 50.85 963 0 6.84 201
te_tx_006 Route_wx_128
55 152.16.4.125Y
22 R dline_001  Route_vx_002
- R 127 R | Route_vx_002
Switch_s 242 152.16.4.10 S W Route_tx_005
EndLine_ [V] E Route_wx_002

Signal_xs_003 33 192.16.4.13 G Route_te_D06
Balise_b_001 301 Route_wx_128 0 N50.85933 D 6.84 508
Balise_b_002 Route_tx_005 0 N50.86123 O 6.84550




DemB 1 2 E_batat: [

MACHINE SearchForFile
USES LibraryFiles, LibraryStrings
DEFINITIONS
target == "sicstus";
. == (found= )i
SET_PREF_MAX OPERATIONS
VARIABLES cur, found
INVARIANT
cur : STRING
@ INITIALISATION cur
1 OPERATIONS
12 r <-- Found
13 Navigatelnt
14 IsEg
15 E
16
17

256

found : BOOL
:="/usr/local" || found :=

ol i L+ = (= TR R = WU 5y

RE target : files(cur) THEN r :=
= PRE x:directories(cur) THEN cur
f:files N skip E */

[GK] State Properties l

cur ||
= @

Eval - 81x22

=»xx directories("/usr/local/1ib")

"HTTP-3881.1.4","ImageMagick-6.2.9", " ImageMagick-6
, 'cog","fpc", "gettext", "graphviz", "pkgconfig", "xema

0.5.8.8"
=»»> Files(cur)
"sicstus","sicstus-4.1.1","sicstus-4.1.3", "spconfi

"spdet-4.1. 4.1.3","spld","spld-4.1.
g", "splm-4.1.1", "splm-

I I | Enabled Operations | 4= = | History “

invariant_ok

files = ®x.(x : STRING|FILES/*EXT:*/(x))
directories = %x.(x : STRING|DIRECTORIES/
current_directory = "."

file_exists = %x.(x : STRING|bool(FILE_EXIS
directory_exists = %x.(x : STRING|bool{DIR
append = %(x,y).(x : STRINC & v : STRING|S
length = %x.(x : STRING|STRING_LENGTH/
split = Bix,y).(x : STRING & y : STRING|STR
cur = "Jfusr/local/sicstus4.1/bin"

found = TRUE

Found-->"/usr/local/sicstus4.1/bin"

Found--="/usr/local/sicstus4.1/bin"
MNavigatelnto("bin")
Mavigatelnto("sicstus4.1")
INITIALISATION(" fusr/local”,FALSE)
SETUP_CONSTANTS(%x.(x : STRING|FILES/




how It all began

® Deploy Project: Scalability issue at
Siemens for data validation

-

\_

Considerable

N i

Executable code

/

Ada

B model

work
J

read

- L

Generic B model
*Text Data with the entire line (all
segments)

Problems :

‘Make sure the assumptions in the B model
are correct for all segments
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14% _Aséertions

t iti_partiel acs & bb : cfg cdv _aig & aa |-> bb : t_iti_partiel _acs
<| cfg_Ipart_cdv_transit_dernier_i |> cfg_cdv_aig => bb :
cfg_Ipart_cdv _transit_liste i[(cfg_ipart _cdv_transit_deb(aa) ..
cfg_Ipart_cdv_transit_fin(aa))]) cfg_ipart_pcl ad] I~[{TRUE}] <:
t_iti_partiel _acs cfg_Ipart_pc2_adj] I~[{TRUE}] <:

t iti_partiel acs cfg _ipart pcl ad] I~-{TRUE} A\
cfg_Ipart pc2_ad] I-[{TRUE}] = {}
cfg_I1part_aig tild liste I~[t_iti_partiel acs] <:t liste _acs
cfg_ipart_aig tild liste I~[t iti_partiel acs] <: NATURAL
cfg Ipart_aig liste I~[t alg acs] <:t liste acs
cfg_Ipart_aig liste I~[t alg acs] <: NATURAL
cfg_Ipart_cdv_transit_liste I~[cfg cdv aig] <:t liste acs
cfg_Ipart_cdv _transit_liste I~[cfg _cdv_aig] <: NATURAL
cfg_Ipart _cdv_zdest sscant_liste I~[cfg cdv_block] <:

t licte acrce cfa inart cdvy 7dect cceant licte 1~lefa cadvyvy blockl



147 Assertions



situation before
deploy

N

"™~
& ‘v.

} -
S v

san juan: 80 assertions had to be checked
manually



current situation

® validation can be done in minutes
® more reliable, better feedback

® much bigger and new problems can be
tackled (on-board data)

-

The work done with ProB Is a great success. Thanks

\

to the automatization and ProB, the wayside data
validation Is quicker, easier and complete




Use of the B Method developped by

CLEARS=S

SYTEM ENGINEERING

Metros and Trains equipped with B SIL4 software

ProB est utilisé pour la vérification des parametres de systéemes de signalisation
erroviaire d'Alstom Transport.
| a permis notamment de réduire le colt et la durée de la vérification des paramétres
des systemes installés a Santiago du Chili, Panama City et Mexico City.
n outre Alstom Transport expérimente ProB pour la génération de parametres et pour
a validation de modeéles formels de systéemes de signalisation.

uis-Fernando Mejia, Alstom

|

SN\

-

Pro

6Seou|
- Daegu & Incheon
5 Pekin. v
3 \ . Shangai
~ T Shenzhen
- ‘~ Hong Kong
®
pgapour. =~
(NEL)
- DOF1, COPP
Métros L14,L1, Pa rs Extension ligne
L3, LS, Roissy VAL du RER
Réseau TGV - L
Grande Vitesse o

Métros ligne A et B

—

SIEMENS Use of ProB to validate toplogy and deployment configuration



Sao Paulo line 4

210 files, >30,000 lines of B

>2500 assertions, >32,000
properties to be checked

some very large sets (e.q.,

1..65535), some Infinite sets
(e.g., INTEGER - {x})

Inconsistencies found !

Sector

Predicates

TRUE

UNKNOWN

TIMEOUT

pas_as_inv_s036.html

1465

1459

0

pas._as. inv s037 . html

1165

1460

0

pas_as_inv_s038. html

1465

1457

0




Table 1.3 Paris line 1 (ZC)

Sector Predicates [TRUE |[FALSE|UNKNOWN [ TIMEOUT
pas_as_inv_s011.html| 1503 1501 2 0 0
pas_as_inv_s012.html| 1503 1498 5 0 0
pas_as_inv_s013.hitml| 1503 | 1496 7 0 0
pas_as_inv_s014.hitml| 1503 1499 < 0 0
pas_as_inv_s015.aitml| 1503 | 1498 5 0 0
pas_as_inv_s016.html| 1503 | 1498 5 0 0

Paris line 1 (PAL) . PAL (Pilote Automatique Ligne) is a controller line who re-
alizes the Automatic Train Supervision (ATS) function of CBTC systems. The B
models of PAL consisted of 74 files with over 10,000 lines of B. In all 2024 as-
sertions about concrete data of the PAL needed to be checked. ProB found 12 in
under 5 minutes. These problems have been examined and confirmed by manual

Inspection aterward at Siemens.




Why B ?
Why ProB ?

Challenges






DemB 1 2 E_batat: [

MACHINE SearchForFile
USES LibraryFiles, LibraryStrings
DEFINITIONS
target == "sicstus";
. == (found= )i
SET_PREF_MAX OPERATIONS
VARIABLES cur, found
INVARIANT
cur : STRING
@ INITIALISATION cur
1 OPERATIONS
12 r <-- Found
13 Navigatelnt
14 IsEg
15 E
16
17

256

found : BOOL
:="/usr/local" || found :=

ol i L+ = (= TR R = WU 5y

RE target : files(cur) THEN r :=
= PRE x:directories(cur) THEN cur
f:files N skip E */

[GK] State Properties l

cur ||
= @

Eval - 81x22

=»xx directories("/usr/local/1ib")

"HTTP-3881.1.4","ImageMagick-6.2.9", " ImageMagick-6
, 'cog","fpc", "gettext", "graphviz", "pkgconfig", "xema

0.5.8.8"
=»»> Files(cur)
"sicstus","sicstus-4.1.1","sicstus-4.1.3", "spconfi

"spdet-4.1. 4.1.3","spld","spld-4.1.
g", "splm-4.1.1", "splm-

I I | Enabled Operations | 4= = | History “

invariant_ok

files = ®x.(x : STRING|FILES/*EXT:*/(x))
directories = %x.(x : STRING|DIRECTORIES/
current_directory = "."

file_exists = %x.(x : STRING|bool(FILE_EXIS
directory_exists = %x.(x : STRING|bool{DIR
append = %(x,y).(x : STRINC & v : STRING|S
length = %x.(x : STRING|STRING_LENGTH/
split = Bix,y).(x : STRING & y : STRING|STR
cur = "Jfusr/local/sicstus4.1/bin"

found = TRUE

Found-->"/usr/local/sicstus4.1/bin"

Found--="/usr/local/sicstus4.1/bin"
MNavigatelnto("bin")
Mavigatelnto("sicstus4.1")
INITIALISATION(" fusr/local”,FALSE)
SETUP_CONSTANTS(%x.(x : STRING|FILES/




16 Balise_b_002

D
%3

128
255
2
3
55
2

2
0

» Type
R

R
19216455 S
19216410 ¥

R
19216.4.125¥

R
19216410 5
E

Route_ve_128
Route_bx_006
Encline_001

Route_tx_006

Route_e_128

Route_we_002

Route_te_005

F
DownLink
Route_vx_
Endline_000
Route_¢ 006
Route_w_128

Route_w_002

Route_vx_002

Why B & ProB

< H
Length  GPs1  Ges2
3

N50.85963 0684201
1

0 N5085933 06.84508
0 N5086123 06.84550

Formal Properties

55 192,164,125
2 R

17 R
2%2 19216410 5

16 Balise_b_(

Route_tc 005

3
Downlink
Route_wx
EndLine_000
Route_6 006
Route_w_128

Route_vs_002

Route_w_002

<
Length
3

H
Gs1  Gps2

N50.85963 0684201

0 N50.85933 0684508
0 N50.86123 0684550

Intelligible
Feedback
on your data

The most expressive language
In the world

> 2,500 years of human
experience

Unambiguous,
Easy to express,
Easy to understand,
Easy to adapt
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16 Balise_b_002 302

In use by
Siemens,
Alstom,...

Route_ve_128
Route_bx_006
Encline_001

Route_tx_006

Route_e_128

Route_we_002

Route_te_005

F
DownLink
Route_vx_
Endline_000
Route_¢ 006
Route_w_128

Route_w_002

Route_vx_002

<
Length
3

H
Gs1  Gps2

N50.85963 0684201
1

0 N5085933 06.84508
0 N5086123 06.84550

55 192,164,125
2 R

127 R
2%2 19216410 5

16 Balise_b_(

Why ProB

Route_tc 005

3
Downlink
Route_wx
EndLine_000
Route_6 006
Route_w_128

Route_vs_002

Route_w_002

Formal Properties

<
Length
3

H
Gs1  Gps2

N50.85963 0684201

0 N50.85933 0684508
0 N50.86123 0684550

Efficient Engine
Fully Automatic

Validated Engine



Why ProB

A [ B € [ D T E I F [ &6 T H |
CH Type Uplink Downlink  Length  GPS1  GPS2
%3 R Route_bs 005 Route_vx_002 45
128 R Route_ve_002  Encline_000 128
256 19216.455 S Route_v_ 128 Route_tx_006
1219216410 ¥ N50.85963 0684201
Route_b¢ 006 Route_vx_128 21

3 R
55 19216.4.125Y
2

— T T For al Pro erties
:

E Route_w_002 1
1 E Route_we_002 1
3219216412 G Route_we_128 2
3319216413 G Route_tx_006 51
301 3 Route_we_128 0 N5085933 06.84508
b 30 8 Route_t 005 0 N5086123 06.84550

Open Source Core
[0 Command-line interfaces
Java-API

T F [ G [ w7 |
Downlink Length  GPS1  GPS2
Route_wx 35
EndLine_000 128
Route_6 006
N50.85963 0684201
R Route_w_128 1
55 192,164,125
2 R Route_vs_002 10
127 R . 6006 Route_ve_002 145
2%2 19216410 5 . 128 Route_b 005 34
2 Route_w_002 1
1
»
51
0 N50.85933 0684508
Route_tc 005 0 N50.86123 0684550

science for systems engineering

an fit into your process '.3 for‘malmind



Summary

very
expressive
E' Human - T
Properties [—= or Fmiﬂeg s Data
Tool

efncuent EB validated . ...
l

g - "
- E
- -
- oy T —
- AR —
= = E . o
—  —— =

good feedback

probcli fits into design flow


http://cobra.cs.uni-duesseldorf.de/jenkins
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/

DIVT

® Tool based on ProB developed by

® ClearSy, Alstom, Formal Mind
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2

the future

® B as a high-level
® guery language
® constraint-solving language

® p