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Overview 

• 1. formal mind and its tools 

• 2. data validation 

• 3. the future 



background 

• gmbh (limited), based in düsseldorf, 

germany 

• spin-off from university of düsseldorf 

• expert services: formal verification, 

requirements management & 

engineering 

• open source software: ProB & ProR 







http://pror.org/ 

ReqIF 

support 

Traceability 

to B 

http://pror.org


Requirements Formal Model 



Requirements Formal Model 



Requirements Formal Model 



Requirements Formal Model 



now: Eclipse Foundation Project ! 
http://www.eclipse.org/rmf/ 

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




Animation 
Model 

Checking 

Constraint-

Based 

Checking 

Constraint Solver for 

Predicate Logic, Arithmetic, Set theory, 

Relations, Functions, Sequences, ... 

Validation tool for high-level formal models 



http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html 

http://cobra.cs.uni-duesseldorf.de/jenkins/ 

Infrastructure 

Coverage Reports 

what can ProB do for me ? 

my model 

http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/all-2012-02-28.html
http://cobra.cs.uni-duesseldorf.de/jenkins/
http://cobra.cs.uni-duesseldorf.de/jenkins/
http://cobra.cs.uni-duesseldorf.de/jenkins/
http://cobra.cs.uni-duesseldorf.de/jenkins
http://nightly.cobra.cs.uni-duesseldorf.de/coverage/html/all/


BMotionStudio 

• on top of ProB 

• Editor: 

• link graphical elements with B 

expressions and predicates 

• Important so that domain experts can 

detect errors in your models 



B MotionStudio 



http://en.wikisource.org/wiki/International_Regulations_for_Preventing_Collisions_at_Sea 

http://en.wikisource.org/wiki/International_Regulations_for_Preventing_Collisions_at_Sea




2. Data Validation 









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



Your Data 



Is it consistent ? 

Is it correct ? Is it safe ? 



Dream 



Formal Properties 

Error location 

& diagnosis 

high-level 

language (B,...) 



ExplicitComputationsCLPFD 



how it all began 

• Deploy Project: Scalability issue at 

Siemens for data validation 

Considerable 

work 



147 Assertions 

cfg_ipart_incomp_adj_i : t_nb_iti_partiel_par_acs --> 

t_nb_iti_sans_aig_par_acs cfg_ipart_cdv_dest_aig_i : 

t_nb_iti_partiel_par_acs --> t_nb_cdv_par_acs 

cfg_ipart_cdv_dest_saig_i : t_nb_iti_partiel_par_acs --> 

t_nb_cdv_par_acs cfg_ipart_cdv_transit_dernier_i : 

t_nb_iti_partiel_par_acs --> t_nb_cdv_par_acs cfg_ipart_iprinc_i 

: t_nb_iti_partiel_par_acs --> t_nb_iti_principal_par_acs 

cfg_ipart_iamont_i : t_nb_iti_partiel_par_acs --> 

t_nb_iti_partiel_par_acs cfg_ipart_pos_aig_direct_i : 

t_nb_iti_partiel_par_acs * t_nb_aig_par_acs --> BOOL 

cfg_ipart_pos_aig_devie_i : t_nb_iti_partiel_par_acs * 

t_nb_aig_par_acs --> BOOL cfg_ipart_zdest_stockage_i : 

t_nb_iti_partiel_par_acs --> BOOL cfg_ipart_aig_tild_deb : 

t_nb_aig_par_acs --> t_liste_acs_2 cfg_ipart_aig_tild_fin : 

t_nb_aig_par_acs --> t_liste_acs_2 cfg_ipart_aig_tild_liste_i : 

t_liste_acs_2 --> t_nb_iti_partiel_par_acs == false  (See 

Assertion1 & Assertion1_derived) cfg_ipart_aig_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_aig_fin : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_aig_liste_i : 

t_liste_acs --> t_nb_aig_par_acs cfg_ipart_cdv_transit_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_cdv_transit_fin 

: t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_cdv_transit_liste_i : t_liste_acs --> t_nb_cdv_par_acs 

cfg_ipart_cdv_zdest_sscant_deb : t_nb_iti_partiel_par_acs --> 

t_liste_acs cfg_ipart_cdv_zdest_sscant_fin : 

t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_cdv_zdest_sscant_liste_i : t_liste_acs --> 

t_nb_cdv_par_acs cfg_ipart_incomp_ipart_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs_2 

cfg_ipart_incomp_ipart_fin : t_nb_iti_partiel_par_acs --> 

t_liste_acs_2 cfg_ipart_incomp_ipart_liste_i : t_liste_acs_2 --> 

t_nb_iti_partiel_par_acs cfg_ipart_incomp_isaig_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_incomp_isaig_fin : t_nb_iti_partiel_par_acs --> 

t_liste_acs cfg_ipart_incomp_isaig_liste_i : t_liste_acs --> 

t_nb_iti_sans_aig_par_acs cfg_ipart_iprinc_tild_deb : 

t_nb_iti_principal_par_acs --> t_liste_acs 

cfg_ipart_iprinc_tild_fin : t_nb_iti_principal_par_acs --> 

t_liste_acs cfg_ipart_iprinc_tild_liste_i : t_liste_acs --> 

t_nb_iti_partiel_par_acs cfg_ipart_pc1_adj_i : 

t_nb_iti_partiel_par_acs --> BOOL cfg_ipart_pc2_adj_i : 

t_nb_iti_partiel_par_acs --> BOOL !(xx).(xx : t_iti_partiel_acs => 

cfg_ipart_cdv_dest_aig_i(xx) : cfg_cdv_aig \/ {c_cdv_indet}) 

!(xx).(xx : t_iti_partiel_acs => cfg_ipart_cdv_dest_saig_i(xx) : 

cfg_cdv_block \/ {c_cdv_indet}) !(xx).(xx : t_iti_partiel_acs => 

cfg_ipart_iamont_i(xx) : t_iti_partiel_acs \/ {c_iti_partiel_indet}) 

!(xx).(xx : t_iti_partiel_acs => cfg_ipart_incomp_adj_i(xx) : 

t_iti_sans_aig_plus_is_acs \/ {c_iti_sans_aig_indet}) 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_transit_dernier_i |> 

cfg_cdv_aig) = t_iti_partiel_acs dom(t_iti_partiel_acs <| 

cfg_ipart_iprinc_i |> t_iti_principal_acs) = t_iti_partiel_acs 

ran(t_iti_partiel_acs <| cfg_ipart_iprinc_i |> t_iti_principal_acs) = 

t_iti_principal_acs dom(cfg_ipart_pos_aig_direct_i~[{TRUE}]) <: 

t_iti_partiel_acs ran(cfg_ipart_pos_aig_direct_i~[{TRUE}]) <: 

t_aig_acs dom(cfg_ipart_pos_aig_devie_i~[{TRUE}]) <: 

t_iti_partiel_acs ran(cfg_ipart_pos_aig_devie_i~[{TRUE}]) <: 

t_aig_acs cfg_ipart_zdest_stockage_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_aig_tild_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_aig_acs & 

cfg_ipart_aig_tild_deb(aa) <= bb & bb <= 

cfg_ipart_aig_tild_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_aig_acs & cfg_ipart_aig_tild_deb(aa) <= bb & bb <= 

cfg_ipart_aig_tild_fin(aa) => cfg_ipart_aig_tild_liste_i(bb) : 

t_iti_partiel_acs) !(aa).(aa : t_aig_acs => t_iti_partiel_acs <| 

cfg_ipart_aig_tild_liste_i~ |> cfg_ipart_aig_tild_deb(aa) .. 

cfg_ipart_aig_tild_fin(aa) : t_iti_partiel_acs +-> NATURAL) 

cfg_ipart_aig_liste_i |> t_aig_acs : seq(t_aig_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_aig_deb(aa) <= bb & bb <= 

cfg_ipart_aig_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_aig_deb(aa) <= bb & bb <= 

cfg_ipart_aig_fin(aa) => cfg_ipart_aig_liste_i(bb) : t_aig_acs) 

!(aa).(aa : t_iti_partiel_acs => t_aig_acs <| cfg_ipart_aig_liste_i~ 

|> cfg_ipart_aig_deb(aa) .. cfg_ipart_aig_fin(aa) : t_aig_acs +-> 

NATURAL)   (t_aig_acs <| cfg_ipart_aig_liste_i~ |> 

cfg_ipart_aig_deb(1) .. cfg_ipart_aig_fin(1) : t_aig_acs +-> 

NATURAL)  dom(t_aig_acs <| cfg_ipart_aig_liste_i~ |> 

cfg_ipart_aig_deb(1) .. cfg_ipart_aig_fin(1)) = t_aig_acs == 

FALSE   !(aa).(aa : 1..2 => dom(t_aig_acs <| 

cfg_ipart_aig_liste_i~ |> cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa)) = t_aig_acs)  cfg_ipart_cdv_transit_liste_i 

|> t_cdv_acs : seq(t_cdv_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_transit_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_transit_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_cdv_transit_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_transit_fin(aa) => cfg_ipart_cdv_transit_liste_i(bb) 

: t_cdv_acs) !(aa).(aa : t_iti_partiel_acs => t_cdv_acs <| 

cfg_ipart_cdv_transit_liste_i~ |> cfg_ipart_cdv_transit_deb(aa) .. 

cfg_ipart_cdv_transit_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_ipart_cdv_zdest_sscant_liste_i |> t_cdv_acs : 

seq(t_cdv_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_zdest_sscant_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_zdest_sscant_fin(aa) => bb : t_liste_acs) 

!(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_zdest_sscant_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_zdest_sscant_fin(aa) => 

cfg_ipart_cdv_zdest_sscant_liste_i(bb) : t_cdv_acs) !(aa).(aa : 

t_iti_partiel_acs => t_cdv_acs <| 

cfg_ipart_cdv_zdest_sscant_liste_i~ |> 

cfg_ipart_cdv_zdest_sscant_deb(aa) .. 

cfg_ipart_cdv_zdest_sscant_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_ipart_incomp_ipart_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_incomp_ipart_deb(aa) <= bb & bb <= 

cfg_ipart_incomp_ipart_fin(aa) => bb : t_liste_acs_2) 

!(aa,bb).(aa : t_iti_partiel_acs & cfg_ipart_incomp_ipart_deb(aa) 

<= bb & bb <= cfg_ipart_incomp_ipart_fin(aa) => 

cfg_ipart_incomp_ipart_liste_i(bb) : t_iti_partiel_acs) !(aa).(aa : 

t_iti_partiel_acs => t_iti_partiel_acs <| 

cfg_ipart_incomp_ipart_liste_i~ |> 

cfg_ipart_incomp_ipart_deb(aa) .. 

cfg_ipart_incomp_ipart_fin(aa) : t_iti_partiel_acs +-> 

NATURAL)1+2+3; 4..5, 6, 7, 8, 9..12, 13..20, 21..30:            -> 

82t_iti_partiel_acs <| cfg_ipart_incomp_ipart_liste_i~ |> 

cfg_ipart_incomp_ipart_deb(1) .. cfg_ipart_incomp_ipart_fin(1) : 

t_iti_partiel_acs +-> NATURAL cfg_ipart_incomp_isaig_liste_i |> 

t_iti_sans_aig_acs : seq(t_iti_sans_aig_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_incomp_isaig_deb(aa) <= bb & bb 

<= cfg_ipart_incomp_isaig_fin(aa) => bb : t_liste_acs) 

!(aa,bb).(aa : t_iti_partiel_acs & cfg_ipart_incomp_isaig_deb(aa) 

<= bb & bb <= cfg_ipart_incomp_isaig_fin(aa) => 

cfg_ipart_incomp_isaig_liste_i(bb) : t_iti_sans_aig_acs) 

!(aa).(aa : t_iti_partiel_acs => t_iti_sans_aig_acs <| 

cfg_ipart_incomp_isaig_liste_i~ |> 

cfg_ipart_incomp_isaig_deb(aa) .. 

cfg_ipart_incomp_isaig_fin(aa) : t_iti_sans_aig_acs +-> 

NATURAL) cfg_ipart_iprinc_tild_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_iti_principal_acs & 

cfg_ipart_iprinc_tild_deb(aa) <= bb & bb <= 

cfg_ipart_iprinc_tild_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_principal_acs & cfg_ipart_iprinc_tild_deb(aa) <= bb & bb <= 

cfg_ipart_iprinc_tild_fin(aa) => cfg_ipart_iprinc_tild_liste_i(bb) : 

t_iti_partiel_acs) !(aa).(aa : t_iti_principal_acs => 

t_iti_partiel_acs <| cfg_ipart_iprinc_tild_liste_i~ |> 

cfg_ipart_iprinc_tild_deb(aa) .. cfg_ipart_iprinc_tild_fin(aa) : 

t_iti_partiel_acs +-> NATURAL) dom(t_iti_partiel_acs <| 

cfg_ipart_cdv_dest_aig_i |> cfg_cdv_aig) /\ 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_dest_saig_i |> 

cfg_cdv_block) = {} dom(t_iti_partiel_acs <| 

cfg_ipart_cdv_dest_aig_i |> cfg_cdv_aig) \/ 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_dest_saig_i |> 

cfg_cdv_block) = t_iti_partiel_acs == false (See Assertion2) 

cfg_ipart_pos_aig_direct_i~[{TRUE}] \/ 

cfg_ipart_pos_aig_devie_i~[{TRUE}] = {aa,bb|aa : 

t_iti_partiel_acs & bb : t_aig_acs & bb : 

cfg_ipart_aig_liste_i[(cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa))]} ran({aa,bb|aa : t_iti_partiel_acs & bb : 

t_cdv_acs & bb : 

cfg_ipart_cdv_transit_liste_i[(cfg_ipart_cdv_transit_deb(aa) .. 

cfg_ipart_cdv_transit_fin(aa))]}) <: cfg_cdv_aig ran({aa,bb|aa : 

t_iti_partiel_acs & bb : t_cdv_acs & bb : 

cfg_ipart_cdv_zdest_sscant_liste_i[(cfg_ipart_cdv_zdest_sscant

_deb(aa) .. cfg_ipart_cdv_zdest_sscant_fin(aa))]}) <: 

cfg_cdv_block {aa,bb|aa : t_aig_acs & bb : t_iti_partiel_acs & bb 

: cfg_ipart_aig_tild_liste_i[(cfg_ipart_aig_tild_deb(aa) .. 

cfg_ipart_aig_tild_fin(aa))]} = {bb,aa|aa : t_iti_partiel_acs & bb : 

t_aig_acs & bb : cfg_ipart_aig_liste_i[(cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa))]} {aa,bb|aa : t_iti_principal_acs & bb : 

t_iti_partiel_acs & bb : 

cfg_ipart_iprinc_tild_liste_i[(cfg_ipart_iprinc_tild_deb(aa) .. 

cfg_ipart_iprinc_tild_fin(aa))]} = t_iti_principal_acs <| 

(cfg_ipart_iprinc_i~ |> t_iti_partiel_acs) !(aa,bb).(aa : 

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_pc1_adj_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_pc2_adj_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_pc1_adj_i~[{TRUE}] /\ 

cfg_ipart_pc2_adj_i~[{TRUE}] = {} 

cfg_ipart_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_aig_acs] <: t_liste_acs 

cfg_ipart_aig_liste_i~[t_aig_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_liste_acs cfg_ipart_cdv_zdest_sscant_liste_i~[cfg_cdv_block] 

<: NATURAL cfg_ipart_incomp_ipart_liste_i~[t_iti_partiel_acs] <: 

t_liste_acs_2 cfg_ipart_incomp_ipart_liste_i~[t_iti_partiel_acs] 

<: NATURAL 

cfg_ipart_incomp_isaig_liste_i~[t_iti_sans_aig_acs] <: 

t_liste_acs cfg_ipart_incomp_isaig_liste_i~[t_iti_sans_aig_acs] 

<: NATURAL cfg_ipart_iprinc_tild_liste_i~[t_iti_partiel_acs] <: 

t_liste_acs cfg_ipart_iprinc_tild_liste_i~[t_iti_partiel_acs] <: 

NATURAL cfg_cdv_i : t_nb_cdv_par_acs --> t_cdv 

cfg_aig_pos_defaut_i : t_nb_aig_par_acs --> t_etat_aig 

cfg_aig_config_i : t_nb_aig_par_acs --> 

t_nb_aig_config_par_acs cfg_aig_cdv_encl_deb : 

t_nb_aig_par_acs --> t_liste_acs cfg_aig_cdv_encl_fin : 

t_nb_aig_par_acs --> t_liste_acs cfg_aig_cdv_encl_liste_i : 

t_liste_acs --> t_nb_cdv_par_acs cfg_cdv_branche_deb : 

t_nb_cdv_par_acs --> t_liste_acs cfg_cdv_branche_fin : 

t_nb_cdv_par_acs --> t_liste_acs cfg_cdv_branche_liste_i : 

t_liste_acs --> t_nb_br_cdv_aig_par_acs cfg_canton_cdv_deb : 

t_nb_canton_par_acs --> t_liste_acs cfg_canton_cdv_fin : 

t_nb_canton_par_acs --> t_liste_acs cfg_canton_cdv_liste_i : 

t_liste_acs --> t_nb_cdv_par_acs cfg_cdv_zdest_suppl_pc1_i : 

t_nb_cdv_par_acs --> t_nb_cdv_par_acs 

cfg_cdv_zdest_suppl_pc2_i : t_nb_cdv_par_acs --> 

t_nb_cdv_par_acs cfg_cdv_i~[{c_cdv_aig}] <: 

t_nb_cdv_par_acs cfg_cdv_i~[{c_cdv_block}] <: 

t_nb_cdv_par_acs dom(t_aig_acs <| cfg_aig_config_i |> 

t_aig_config_acs) = t_aig_acs cfg_aig_cdv_encl_liste_i |> 

t_cdv_acs : seq(t_cdv_acs) !(aa,bb).(aa : t_aig_acs & 

cfg_aig_cdv_encl_deb(aa) <= bb & bb <= 

cfg_aig_cdv_encl_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_aig_acs & cfg_aig_cdv_encl_deb(aa) <= bb & bb <= 

cfg_aig_cdv_encl_fin(aa) => cfg_aig_cdv_encl_liste_i(bb) : 

t_cdv_acs) !(aa).(aa : t_aig_acs => t_cdv_acs <| 

cfg_aig_cdv_encl_liste_i~ |> cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_cdv_branche_liste_i |> t_br_cdv_acs : seq(t_br_cdv_acs) 

!(aa,bb).(aa : t_cdv_acs & cfg_cdv_branche_deb(aa) <= bb & 

bb <= cfg_cdv_branche_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa 

: t_cdv_acs & cfg_cdv_branche_deb(aa) <= bb & bb <= 

cfg_cdv_branche_fin(aa) => cfg_cdv_branche_liste_i(bb) : 

t_br_cdv_acs) !(aa).(aa : t_cdv_acs => t_br_cdv_acs <| 

cfg_cdv_branche_liste_i~ |> cfg_cdv_branche_deb(aa) .. 

cfg_cdv_branche_fin(aa) : t_br_cdv_acs +-> NATURAL) 

cfg_canton_cdv_liste_i |> t_cdv_acs : seq(t_cdv_acs) 

!(aa,bb).(aa : t_canton_acs & cfg_canton_cdv_deb(aa) <= bb & 

bb <= cfg_canton_cdv_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_canton_acs & cfg_canton_cdv_deb(aa) <= bb & bb <= 

cfg_canton_cdv_fin(aa) => cfg_canton_cdv_liste_i(bb) : 

t_cdv_acs) !(aa).(aa : t_canton_acs => t_cdv_acs <| 

cfg_canton_cdv_liste_i~ |> cfg_canton_cdv_deb(aa) .. 

cfg_canton_cdv_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_cdv_i~[{c_cdv_aig}] /\ cfg_cdv_i~[{c_cdv_block}] = {} 

cfg_cdv_i~[{c_cdv_aig}] \/ cfg_cdv_i~[{c_cdv_block}] <: 

t_cdv_acs cfg_cdv_i~[{c_cdv_aig}] \/ cfg_cdv_i~[{c_cdv_block}] 

= t_cdv_acs dom({aa,bb|aa : t_aig_acs & bb : t_cdv_acs & bb : 

cfg_aig_cdv_encl_liste_i[(cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa))]}) = t_aig_acs ran({aa,bb|aa : 

t_aig_acs & bb : t_cdv_acs & bb : 

cfg_aig_cdv_encl_liste_i[(cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa))]}) = cfg_cdv_i~[{c_cdv_aig}] == false 

!(xx).(xx : t_cdv_acs => cfg_cdv_zdest_suppl_pc1_i(xx) : 

t_cdv_acs \/ {c_cdv_indet}) !(xx).(xx : t_cdv_acs => 

cfg_cdv_zdest_suppl_pc2_i(xx) : t_cdv_acs \/ {c_cdv_indet}) 

ran(t_cdv_acs <| cfg_cdv_zdest_suppl_pc1_i |> t_cdv_acs) /\ 

ran(t_cdv_acs <| cfg_cdv_zdest_suppl_pc2_i |> t_cdv_acs) = {} 

ran(t_aig_acs <| cfg_aig_config_i |> t_aig_config_acs) = 

t_aig_config_acs t_canton_acs <: dom({aa,bb|aa : t_canton_acs 

& bb : t_cdv_acs & bb : 

cfg_canton_cdv_liste_i[(cfg_canton_cdv_deb(aa) .. 

cfg_canton_cdv_fin(aa))]}) 

cfg_aig_cdv_encl_liste_i~[(cfg_cdv_i~[{c_cdv_aig}])] <: 

t_liste_acs cfg_aig_cdv_encl_liste_i~[(cfg_cdv_i~[{c_cdv_aig}])] 

<: NATURAL cfg_cdv_branche_liste_i~[t_br_cdv_acs] <: 

t_liste_acs cfg_cdv_branche_liste_i~[t_br_cdv_acs] <: 

NATURAL cfg_canton_cdv_liste_i~[t_cdv_acs] <: t_liste_acs 

cfg_canton_cdv_liste_i~[t_cdv_acs] <: NATURAL 

ran(cfg_aig_cdv_encl) = cfg_cdv_aig == false (NOTE: already 

false in acs_as_env_ctx_aiguille) c_direct : t_cde_pos_aiguille 

c_decontrole /: t_cde_pos_aiguille NAT <: NATURAL t_liste_acs 

<: NATURAL t_liste_acs_2 <: NATURAL 

san 

juan 



cfg_ipart_incomp_adj_i : t_nb_iti_partiel_par_acs --> 

t_nb_iti_sans_aig_par_acs cfg_ipart_cdv_dest_aig_i : 

t_nb_iti_partiel_par_acs --> t_nb_cdv_par_acs 

cfg_ipart_cdv_dest_saig_i : t_nb_iti_partiel_par_acs --> 

t_nb_cdv_par_acs cfg_ipart_cdv_transit_dernier_i : 

t_nb_iti_partiel_par_acs --> t_nb_cdv_par_acs cfg_ipart_iprinc_i 

: t_nb_iti_partiel_par_acs --> t_nb_iti_principal_par_acs 

cfg_ipart_iamont_i : t_nb_iti_partiel_par_acs --> 

t_nb_iti_partiel_par_acs cfg_ipart_pos_aig_direct_i : 

t_nb_iti_partiel_par_acs * t_nb_aig_par_acs --> BOOL 

cfg_ipart_pos_aig_devie_i : t_nb_iti_partiel_par_acs * 

t_nb_aig_par_acs --> BOOL cfg_ipart_zdest_stockage_i : 

t_nb_iti_partiel_par_acs --> BOOL cfg_ipart_aig_tild_deb : 

t_nb_aig_par_acs --> t_liste_acs_2 cfg_ipart_aig_tild_fin : 

t_nb_aig_par_acs --> t_liste_acs_2 cfg_ipart_aig_tild_liste_i : 

t_liste_acs_2 --> t_nb_iti_partiel_par_acs == false  (See 

Assertion1 & Assertion1_derived) cfg_ipart_aig_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_aig_fin : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_aig_liste_i : 

t_liste_acs --> t_nb_aig_par_acs cfg_ipart_cdv_transit_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_cdv_transit_fin 

: t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_cdv_transit_liste_i : t_liste_acs --> t_nb_cdv_par_acs 

cfg_ipart_cdv_zdest_sscant_deb : t_nb_iti_partiel_par_acs --> 

t_liste_acs cfg_ipart_cdv_zdest_sscant_fin : 

t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_cdv_zdest_sscant_liste_i : t_liste_acs --> 

t_nb_cdv_par_acs cfg_ipart_incomp_ipart_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs_2 

cfg_ipart_incomp_ipart_fin : t_nb_iti_partiel_par_acs --> 

t_liste_acs_2 cfg_ipart_incomp_ipart_liste_i : t_liste_acs_2 --> 

t_nb_iti_partiel_par_acs cfg_ipart_incomp_isaig_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_incomp_isaig_fin : t_nb_iti_partiel_par_acs --> 

t_liste_acs cfg_ipart_incomp_isaig_liste_i : t_liste_acs --> 

t_nb_iti_sans_aig_par_acs cfg_ipart_iprinc_tild_deb : 

t_nb_iti_principal_par_acs --> t_liste_acs 

cfg_ipart_iprinc_tild_fin : t_nb_iti_principal_par_acs --> 

t_liste_acs cfg_ipart_iprinc_tild_liste_i : t_liste_acs --> 

t_nb_iti_partiel_par_acs cfg_ipart_pc1_adj_i : 

t_nb_iti_partiel_par_acs --> BOOL cfg_ipart_pc2_adj_i : 

t_nb_iti_partiel_par_acs --> BOOL !(xx).(xx : t_iti_partiel_acs => 

cfg_ipart_cdv_dest_aig_i(xx) : cfg_cdv_aig \/ {c_cdv_indet}) 

!(xx).(xx : t_iti_partiel_acs => cfg_ipart_cdv_dest_saig_i(xx) : 

cfg_cdv_block \/ {c_cdv_indet}) !(xx).(xx : t_iti_partiel_acs => 

cfg_ipart_iamont_i(xx) : t_iti_partiel_acs \/ {c_iti_partiel_indet}) 

!(xx).(xx : t_iti_partiel_acs => cfg_ipart_incomp_adj_i(xx) : 

t_iti_sans_aig_plus_is_acs \/ {c_iti_sans_aig_indet}) 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_transit_dernier_i |> 

cfg_cdv_aig) = t_iti_partiel_acs dom(t_iti_partiel_acs <| 

cfg_ipart_iprinc_i |> t_iti_principal_acs) = t_iti_partiel_acs 

ran(t_iti_partiel_acs <| cfg_ipart_iprinc_i |> t_iti_principal_acs) = 

t_iti_principal_acs dom(cfg_ipart_pos_aig_direct_i~[{TRUE}]) <: 

t_iti_partiel_acs ran(cfg_ipart_pos_aig_direct_i~[{TRUE}]) <: 

t_aig_acs dom(cfg_ipart_pos_aig_devie_i~[{TRUE}]) <: 

t_iti_partiel_acs ran(cfg_ipart_pos_aig_devie_i~[{TRUE}]) <: 

t_aig_acs cfg_ipart_zdest_stockage_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_aig_tild_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_aig_acs & 

cfg_ipart_aig_tild_deb(aa) <= bb & bb <= 

cfg_ipart_aig_tild_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_aig_acs & cfg_ipart_aig_tild_deb(aa) <= bb & bb <= 

cfg_ipart_aig_tild_fin(aa) => cfg_ipart_aig_tild_liste_i(bb) : 

t_iti_partiel_acs) !(aa).(aa : t_aig_acs => t_iti_partiel_acs <| 

cfg_ipart_aig_tild_liste_i~ |> cfg_ipart_aig_tild_deb(aa) .. 

cfg_ipart_aig_tild_fin(aa) : t_iti_partiel_acs +-> NATURAL) 

cfg_ipart_aig_liste_i |> t_aig_acs : seq(t_aig_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_aig_deb(aa) <= bb & bb <= 

cfg_ipart_aig_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_aig_deb(aa) <= bb & bb <= 

cfg_ipart_aig_fin(aa) => cfg_ipart_aig_liste_i(bb) : t_aig_acs) 

!(aa).(aa : t_iti_partiel_acs => t_aig_acs <| cfg_ipart_aig_liste_i~ 

|> cfg_ipart_aig_deb(aa) .. cfg_ipart_aig_fin(aa) : t_aig_acs +-> 

NATURAL)   (t_aig_acs <| cfg_ipart_aig_liste_i~ |> 

cfg_ipart_aig_deb(1) .. cfg_ipart_aig_fin(1) : t_aig_acs +-> 

NATURAL)  dom(t_aig_acs <| cfg_ipart_aig_liste_i~ |> 

cfg_ipart_aig_deb(1) .. cfg_ipart_aig_fin(1)) = t_aig_acs == 

FALSE   !(aa).(aa : 1..2 => dom(t_aig_acs <| 

cfg_ipart_aig_liste_i~ |> cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa)) = t_aig_acs)  cfg_ipart_cdv_transit_liste_i 

|> t_cdv_acs : seq(t_cdv_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_transit_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_transit_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_cdv_transit_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_transit_fin(aa) => cfg_ipart_cdv_transit_liste_i(bb) 

: t_cdv_acs) !(aa).(aa : t_iti_partiel_acs => t_cdv_acs <| 

cfg_ipart_cdv_transit_liste_i~ |> cfg_ipart_cdv_transit_deb(aa) .. 

cfg_ipart_cdv_transit_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_ipart_cdv_zdest_sscant_liste_i |> t_cdv_acs : 

seq(t_cdv_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_zdest_sscant_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_zdest_sscant_fin(aa) => bb : t_liste_acs) 

!(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_zdest_sscant_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_zdest_sscant_fin(aa) => 

cfg_ipart_cdv_zdest_sscant_liste_i(bb) : t_cdv_acs) !(aa).(aa : 

t_iti_partiel_acs => t_cdv_acs <| 

cfg_ipart_cdv_zdest_sscant_liste_i~ |> 

cfg_ipart_cdv_zdest_sscant_deb(aa) .. 

cfg_ipart_cdv_zdest_sscant_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_ipart_incomp_ipart_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_incomp_ipart_deb(aa) <= bb & bb <= 

cfg_ipart_incomp_ipart_fin(aa) => bb : t_liste_acs_2) 

!(aa,bb).(aa : t_iti_partiel_acs & cfg_ipart_incomp_ipart_deb(aa) 

<= bb & bb <= cfg_ipart_incomp_ipart_fin(aa) => 

cfg_ipart_incomp_ipart_liste_i(bb) : t_iti_partiel_acs) !(aa).(aa : 

t_iti_partiel_acs => t_iti_partiel_acs <| 

cfg_ipart_incomp_ipart_liste_i~ |> 

cfg_ipart_incomp_ipart_deb(aa) .. 

cfg_ipart_incomp_ipart_fin(aa) : t_iti_partiel_acs +-> 

NATURAL)1+2+3; 4..5, 6, 7, 8, 9..12, 13..20, 21..30:            -> 

82t_iti_partiel_acs <| cfg_ipart_incomp_ipart_liste_i~ |> 

cfg_ipart_incomp_ipart_deb(1) .. cfg_ipart_incomp_ipart_fin(1) : 

t_iti_partiel_acs +-> NATURAL cfg_ipart_incomp_isaig_liste_i |> 

t_iti_sans_aig_acs : seq(t_iti_sans_aig_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_incomp_isaig_deb(aa) <= bb & bb 

<= cfg_ipart_incomp_isaig_fin(aa) => bb : t_liste_acs) 

!(aa,bb).(aa : t_iti_partiel_acs & cfg_ipart_incomp_isaig_deb(aa) 

<= bb & bb <= cfg_ipart_incomp_isaig_fin(aa) => 

cfg_ipart_incomp_isaig_liste_i(bb) : t_iti_sans_aig_acs) 

!(aa).(aa : t_iti_partiel_acs => t_iti_sans_aig_acs <| 

cfg_ipart_incomp_isaig_liste_i~ |> 

cfg_ipart_incomp_isaig_deb(aa) .. 

cfg_ipart_incomp_isaig_fin(aa) : t_iti_sans_aig_acs +-> 

NATURAL) cfg_ipart_iprinc_tild_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_iti_principal_acs & 

cfg_ipart_iprinc_tild_deb(aa) <= bb & bb <= 

cfg_ipart_iprinc_tild_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_principal_acs & cfg_ipart_iprinc_tild_deb(aa) <= bb & bb <= 

cfg_ipart_iprinc_tild_fin(aa) => cfg_ipart_iprinc_tild_liste_i(bb) : 

t_iti_partiel_acs) !(aa).(aa : t_iti_principal_acs => 

t_iti_partiel_acs <| cfg_ipart_iprinc_tild_liste_i~ |> 

cfg_ipart_iprinc_tild_deb(aa) .. cfg_ipart_iprinc_tild_fin(aa) : 

t_iti_partiel_acs +-> NATURAL) dom(t_iti_partiel_acs <| 

cfg_ipart_cdv_dest_aig_i |> cfg_cdv_aig) /\ 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_dest_saig_i |> 

cfg_cdv_block) = {} dom(t_iti_partiel_acs <| 

cfg_ipart_cdv_dest_aig_i |> cfg_cdv_aig) \/ 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_dest_saig_i |> 

cfg_cdv_block) = t_iti_partiel_acs == false (See Assertion2) 

cfg_ipart_pos_aig_direct_i~[{TRUE}] \/ 

cfg_ipart_pos_aig_devie_i~[{TRUE}] = {aa,bb|aa : 

t_iti_partiel_acs & bb : t_aig_acs & bb : 

cfg_ipart_aig_liste_i[(cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa))]} ran({aa,bb|aa : t_iti_partiel_acs & bb : 

t_cdv_acs & bb : 

cfg_ipart_cdv_transit_liste_i[(cfg_ipart_cdv_transit_deb(aa) .. 

cfg_ipart_cdv_transit_fin(aa))]}) <: cfg_cdv_aig ran({aa,bb|aa : 

t_iti_partiel_acs & bb : t_cdv_acs & bb : 

cfg_ipart_cdv_zdest_sscant_liste_i[(cfg_ipart_cdv_zdest_sscant

_deb(aa) .. cfg_ipart_cdv_zdest_sscant_fin(aa))]}) <: 

cfg_cdv_block {aa,bb|aa : t_aig_acs & bb : t_iti_partiel_acs & bb 

: cfg_ipart_aig_tild_liste_i[(cfg_ipart_aig_tild_deb(aa) .. 

cfg_ipart_aig_tild_fin(aa))]} = {bb,aa|aa : t_iti_partiel_acs & bb : 

t_aig_acs & bb : cfg_ipart_aig_liste_i[(cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa))]} {aa,bb|aa : t_iti_principal_acs & bb : 

t_iti_partiel_acs & bb : 

cfg_ipart_iprinc_tild_liste_i[(cfg_ipart_iprinc_tild_deb(aa) .. 

cfg_ipart_iprinc_tild_fin(aa))]} = t_iti_principal_acs <| 

(cfg_ipart_iprinc_i~ |> t_iti_partiel_acs) !(aa,bb).(aa : 

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_pc1_adj_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_pc2_adj_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_pc1_adj_i~[{TRUE}] /\ 

cfg_ipart_pc2_adj_i~[{TRUE}] = {} 

cfg_ipart_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_aig_acs] <: t_liste_acs 

cfg_ipart_aig_liste_i~[t_aig_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_liste_acs cfg_ipart_cdv_zdest_sscant_liste_i~[cfg_cdv_block] 

<: NATURAL cfg_ipart_incomp_ipart_liste_i~[t_iti_partiel_acs] <: 

t_liste_acs_2 cfg_ipart_incomp_ipart_liste_i~[t_iti_partiel_acs] 

<: NATURAL 

cfg_ipart_incomp_isaig_liste_i~[t_iti_sans_aig_acs] <: 

t_liste_acs cfg_ipart_incomp_isaig_liste_i~[t_iti_sans_aig_acs] 

<: NATURAL cfg_ipart_iprinc_tild_liste_i~[t_iti_partiel_acs] <: 

t_liste_acs cfg_ipart_iprinc_tild_liste_i~[t_iti_partiel_acs] <: 

NATURAL cfg_cdv_i : t_nb_cdv_par_acs --> t_cdv 

cfg_aig_pos_defaut_i : t_nb_aig_par_acs --> t_etat_aig 

cfg_aig_config_i : t_nb_aig_par_acs --> 

t_nb_aig_config_par_acs cfg_aig_cdv_encl_deb : 

t_nb_aig_par_acs --> t_liste_acs cfg_aig_cdv_encl_fin : 

t_nb_aig_par_acs --> t_liste_acs cfg_aig_cdv_encl_liste_i : 

t_liste_acs --> t_nb_cdv_par_acs cfg_cdv_branche_deb : 

t_nb_cdv_par_acs --> t_liste_acs cfg_cdv_branche_fin : 

t_nb_cdv_par_acs --> t_liste_acs cfg_cdv_branche_liste_i : 

t_liste_acs --> t_nb_br_cdv_aig_par_acs cfg_canton_cdv_deb : 

t_nb_canton_par_acs --> t_liste_acs cfg_canton_cdv_fin : 

t_nb_canton_par_acs --> t_liste_acs cfg_canton_cdv_liste_i : 

t_liste_acs --> t_nb_cdv_par_acs cfg_cdv_zdest_suppl_pc1_i : 

t_nb_cdv_par_acs --> t_nb_cdv_par_acs 

cfg_cdv_zdest_suppl_pc2_i : t_nb_cdv_par_acs --> 

t_nb_cdv_par_acs cfg_cdv_i~[{c_cdv_aig}] <: 

t_nb_cdv_par_acs cfg_cdv_i~[{c_cdv_block}] <: 

t_nb_cdv_par_acs dom(t_aig_acs <| cfg_aig_config_i |> 

t_aig_config_acs) = t_aig_acs cfg_aig_cdv_encl_liste_i |> 

t_cdv_acs : seq(t_cdv_acs) !(aa,bb).(aa : t_aig_acs & 

cfg_aig_cdv_encl_deb(aa) <= bb & bb <= 

cfg_aig_cdv_encl_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_aig_acs & cfg_aig_cdv_encl_deb(aa) <= bb & bb <= 

cfg_aig_cdv_encl_fin(aa) => cfg_aig_cdv_encl_liste_i(bb) : 

t_cdv_acs) !(aa).(aa : t_aig_acs => t_cdv_acs <| 

cfg_aig_cdv_encl_liste_i~ |> cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_cdv_branche_liste_i |> t_br_cdv_acs : seq(t_br_cdv_acs) 

!(aa,bb).(aa : t_cdv_acs & cfg_cdv_branche_deb(aa) <= bb & 

bb <= cfg_cdv_branche_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa 

: t_cdv_acs & cfg_cdv_branche_deb(aa) <= bb & bb <= 

cfg_cdv_branche_fin(aa) => cfg_cdv_branche_liste_i(bb) : 

t_br_cdv_acs) !(aa).(aa : t_cdv_acs => t_br_cdv_acs <| 

cfg_cdv_branche_liste_i~ |> cfg_cdv_branche_deb(aa) .. 

cfg_cdv_branche_fin(aa) : t_br_cdv_acs +-> NATURAL) 

cfg_canton_cdv_liste_i |> t_cdv_acs : seq(t_cdv_acs) 

!(aa,bb).(aa : t_canton_acs & cfg_canton_cdv_deb(aa) <= bb & 

bb <= cfg_canton_cdv_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_canton_acs & cfg_canton_cdv_deb(aa) <= bb & bb <= 

cfg_canton_cdv_fin(aa) => cfg_canton_cdv_liste_i(bb) : 

t_cdv_acs) !(aa).(aa : t_canton_acs => t_cdv_acs <| 

cfg_canton_cdv_liste_i~ |> cfg_canton_cdv_deb(aa) .. 

cfg_canton_cdv_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_cdv_i~[{c_cdv_aig}] /\ cfg_cdv_i~[{c_cdv_block}] = {} 

cfg_cdv_i~[{c_cdv_aig}] \/ cfg_cdv_i~[{c_cdv_block}] <: 

t_cdv_acs cfg_cdv_i~[{c_cdv_aig}] \/ cfg_cdv_i~[{c_cdv_block}] 

= t_cdv_acs dom({aa,bb|aa : t_aig_acs & bb : t_cdv_acs & bb : 

cfg_aig_cdv_encl_liste_i[(cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa))]}) = t_aig_acs ran({aa,bb|aa : 

t_aig_acs & bb : t_cdv_acs & bb : 

cfg_aig_cdv_encl_liste_i[(cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa))]}) = cfg_cdv_i~[{c_cdv_aig}] == false 

!(xx).(xx : t_cdv_acs => cfg_cdv_zdest_suppl_pc1_i(xx) : 

t_cdv_acs \/ {c_cdv_indet}) !(xx).(xx : t_cdv_acs => 

cfg_cdv_zdest_suppl_pc2_i(xx) : t_cdv_acs \/ {c_cdv_indet}) 

ran(t_cdv_acs <| cfg_cdv_zdest_suppl_pc1_i |> t_cdv_acs) /\ 

ran(t_cdv_acs <| cfg_cdv_zdest_suppl_pc2_i |> t_cdv_acs) = {} 

ran(t_aig_acs <| cfg_aig_config_i |> t_aig_config_acs) = 

t_aig_config_acs t_canton_acs <: dom({aa,bb|aa : t_canton_acs 

& bb : t_cdv_acs & bb : 

cfg_canton_cdv_liste_i[(cfg_canton_cdv_deb(aa) .. 

cfg_canton_cdv_fin(aa))]}) 

cfg_aig_cdv_encl_liste_i~[(cfg_cdv_i~[{c_cdv_aig}])] <: 

t_liste_acs cfg_aig_cdv_encl_liste_i~[(cfg_cdv_i~[{c_cdv_aig}])] 

<: NATURAL cfg_cdv_branche_liste_i~[t_br_cdv_acs] <: 

t_liste_acs cfg_cdv_branche_liste_i~[t_br_cdv_acs] <: 

NATURAL cfg_canton_cdv_liste_i~[t_cdv_acs] <: t_liste_acs 

cfg_canton_cdv_liste_i~[t_cdv_acs] <: NATURAL 

ran(cfg_aig_cdv_encl) = cfg_cdv_aig == false (NOTE: already 

false in acs_as_env_ctx_aiguille) c_direct : t_cde_pos_aiguille 

c_decontrole /: t_cde_pos_aiguille NAT <: NATURAL t_liste_acs 

<: NATURAL t_liste_acs_2 <: NATURAL 

147 Assertions 



cfg_ipart_incomp_adj_i : t_nb_iti_partiel_par_acs --> 

t_nb_iti_sans_aig_par_acs cfg_ipart_cdv_dest_aig_i : 

t_nb_iti_partiel_par_acs --> t_nb_cdv_par_acs 

cfg_ipart_cdv_dest_saig_i : t_nb_iti_partiel_par_acs --> 

t_nb_cdv_par_acs cfg_ipart_cdv_transit_dernier_i : 

t_nb_iti_partiel_par_acs --> t_nb_cdv_par_acs cfg_ipart_iprinc_i 

: t_nb_iti_partiel_par_acs --> t_nb_iti_principal_par_acs 

cfg_ipart_iamont_i : t_nb_iti_partiel_par_acs --> 

t_nb_iti_partiel_par_acs cfg_ipart_pos_aig_direct_i : 

t_nb_iti_partiel_par_acs * t_nb_aig_par_acs --> BOOL 

cfg_ipart_pos_aig_devie_i : t_nb_iti_partiel_par_acs * 

t_nb_aig_par_acs --> BOOL cfg_ipart_zdest_stockage_i : 

t_nb_iti_partiel_par_acs --> BOOL cfg_ipart_aig_tild_deb : 

t_nb_aig_par_acs --> t_liste_acs_2 cfg_ipart_aig_tild_fin : 

t_nb_aig_par_acs --> t_liste_acs_2 cfg_ipart_aig_tild_liste_i : 

t_liste_acs_2 --> t_nb_iti_partiel_par_acs == false  (See 

Assertion1 & Assertion1_derived) cfg_ipart_aig_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_aig_fin : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_aig_liste_i : 

t_liste_acs --> t_nb_aig_par_acs cfg_ipart_cdv_transit_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs cfg_ipart_cdv_transit_fin 

: t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_cdv_transit_liste_i : t_liste_acs --> t_nb_cdv_par_acs 

cfg_ipart_cdv_zdest_sscant_deb : t_nb_iti_partiel_par_acs --> 

t_liste_acs cfg_ipart_cdv_zdest_sscant_fin : 

t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_cdv_zdest_sscant_liste_i : t_liste_acs --> 

t_nb_cdv_par_acs cfg_ipart_incomp_ipart_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs_2 

cfg_ipart_incomp_ipart_fin : t_nb_iti_partiel_par_acs --> 

t_liste_acs_2 cfg_ipart_incomp_ipart_liste_i : t_liste_acs_2 --> 

t_nb_iti_partiel_par_acs cfg_ipart_incomp_isaig_deb : 

t_nb_iti_partiel_par_acs --> t_liste_acs 

cfg_ipart_incomp_isaig_fin : t_nb_iti_partiel_par_acs --> 

t_liste_acs cfg_ipart_incomp_isaig_liste_i : t_liste_acs --> 

t_nb_iti_sans_aig_par_acs cfg_ipart_iprinc_tild_deb : 

t_nb_iti_principal_par_acs --> t_liste_acs 

cfg_ipart_iprinc_tild_fin : t_nb_iti_principal_par_acs --> 

t_liste_acs cfg_ipart_iprinc_tild_liste_i : t_liste_acs --> 

t_nb_iti_partiel_par_acs cfg_ipart_pc1_adj_i : 

t_nb_iti_partiel_par_acs --> BOOL cfg_ipart_pc2_adj_i : 

t_nb_iti_partiel_par_acs --> BOOL !(xx).(xx : t_iti_partiel_acs => 

cfg_ipart_cdv_dest_aig_i(xx) : cfg_cdv_aig \/ {c_cdv_indet}) 

!(xx).(xx : t_iti_partiel_acs => cfg_ipart_cdv_dest_saig_i(xx) : 

cfg_cdv_block \/ {c_cdv_indet}) !(xx).(xx : t_iti_partiel_acs => 

cfg_ipart_iamont_i(xx) : t_iti_partiel_acs \/ {c_iti_partiel_indet}) 

!(xx).(xx : t_iti_partiel_acs => cfg_ipart_incomp_adj_i(xx) : 

t_iti_sans_aig_plus_is_acs \/ {c_iti_sans_aig_indet}) 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_transit_dernier_i |> 

cfg_cdv_aig) = t_iti_partiel_acs dom(t_iti_partiel_acs <| 

cfg_ipart_iprinc_i |> t_iti_principal_acs) = t_iti_partiel_acs 

ran(t_iti_partiel_acs <| cfg_ipart_iprinc_i |> t_iti_principal_acs) = 

t_iti_principal_acs dom(cfg_ipart_pos_aig_direct_i~[{TRUE}]) <: 

t_iti_partiel_acs ran(cfg_ipart_pos_aig_direct_i~[{TRUE}]) <: 

t_aig_acs dom(cfg_ipart_pos_aig_devie_i~[{TRUE}]) <: 

t_iti_partiel_acs ran(cfg_ipart_pos_aig_devie_i~[{TRUE}]) <: 

t_aig_acs cfg_ipart_zdest_stockage_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_aig_tild_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_aig_acs & 

cfg_ipart_aig_tild_deb(aa) <= bb & bb <= 

cfg_ipart_aig_tild_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_aig_acs & cfg_ipart_aig_tild_deb(aa) <= bb & bb <= 

cfg_ipart_aig_tild_fin(aa) => cfg_ipart_aig_tild_liste_i(bb) : 

t_iti_partiel_acs) !(aa).(aa : t_aig_acs => t_iti_partiel_acs <| 

cfg_ipart_aig_tild_liste_i~ |> cfg_ipart_aig_tild_deb(aa) .. 

cfg_ipart_aig_tild_fin(aa) : t_iti_partiel_acs +-> NATURAL) 

cfg_ipart_aig_liste_i |> t_aig_acs : seq(t_aig_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_aig_deb(aa) <= bb & bb <= 

cfg_ipart_aig_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_aig_deb(aa) <= bb & bb <= 

cfg_ipart_aig_fin(aa) => cfg_ipart_aig_liste_i(bb) : t_aig_acs) 

!(aa).(aa : t_iti_partiel_acs => t_aig_acs <| cfg_ipart_aig_liste_i~ 

|> cfg_ipart_aig_deb(aa) .. cfg_ipart_aig_fin(aa) : t_aig_acs +-> 

NATURAL)   (t_aig_acs <| cfg_ipart_aig_liste_i~ |> 

cfg_ipart_aig_deb(1) .. cfg_ipart_aig_fin(1) : t_aig_acs +-> 

NATURAL)  dom(t_aig_acs <| cfg_ipart_aig_liste_i~ |> 

cfg_ipart_aig_deb(1) .. cfg_ipart_aig_fin(1)) = t_aig_acs == 

FALSE   !(aa).(aa : 1..2 => dom(t_aig_acs <| 

cfg_ipart_aig_liste_i~ |> cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa)) = t_aig_acs)  cfg_ipart_cdv_transit_liste_i 

|> t_cdv_acs : seq(t_cdv_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_transit_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_transit_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_cdv_transit_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_transit_fin(aa) => cfg_ipart_cdv_transit_liste_i(bb) 

: t_cdv_acs) !(aa).(aa : t_iti_partiel_acs => t_cdv_acs <| 

cfg_ipart_cdv_transit_liste_i~ |> cfg_ipart_cdv_transit_deb(aa) .. 

cfg_ipart_cdv_transit_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_ipart_cdv_zdest_sscant_liste_i |> t_cdv_acs : 

seq(t_cdv_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_zdest_sscant_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_zdest_sscant_fin(aa) => bb : t_liste_acs) 

!(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_cdv_zdest_sscant_deb(aa) <= bb & bb <= 

cfg_ipart_cdv_zdest_sscant_fin(aa) => 

cfg_ipart_cdv_zdest_sscant_liste_i(bb) : t_cdv_acs) !(aa).(aa : 

t_iti_partiel_acs => t_cdv_acs <| 

cfg_ipart_cdv_zdest_sscant_liste_i~ |> 

cfg_ipart_cdv_zdest_sscant_deb(aa) .. 

cfg_ipart_cdv_zdest_sscant_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_ipart_incomp_ipart_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_iti_partiel_acs & 

cfg_ipart_incomp_ipart_deb(aa) <= bb & bb <= 

cfg_ipart_incomp_ipart_fin(aa) => bb : t_liste_acs_2) 

!(aa,bb).(aa : t_iti_partiel_acs & cfg_ipart_incomp_ipart_deb(aa) 

<= bb & bb <= cfg_ipart_incomp_ipart_fin(aa) => 

cfg_ipart_incomp_ipart_liste_i(bb) : t_iti_partiel_acs) !(aa).(aa : 

t_iti_partiel_acs => t_iti_partiel_acs <| 

cfg_ipart_incomp_ipart_liste_i~ |> 

cfg_ipart_incomp_ipart_deb(aa) .. 

cfg_ipart_incomp_ipart_fin(aa) : t_iti_partiel_acs +-> 

NATURAL)1+2+3; 4..5, 6, 7, 8, 9..12, 13..20, 21..30:            -> 

82t_iti_partiel_acs <| cfg_ipart_incomp_ipart_liste_i~ |> 

cfg_ipart_incomp_ipart_deb(1) .. cfg_ipart_incomp_ipart_fin(1) : 

t_iti_partiel_acs +-> NATURAL cfg_ipart_incomp_isaig_liste_i |> 

t_iti_sans_aig_acs : seq(t_iti_sans_aig_acs) !(aa,bb).(aa : 

t_iti_partiel_acs & cfg_ipart_incomp_isaig_deb(aa) <= bb & bb 

<= cfg_ipart_incomp_isaig_fin(aa) => bb : t_liste_acs) 

!(aa,bb).(aa : t_iti_partiel_acs & cfg_ipart_incomp_isaig_deb(aa) 

<= bb & bb <= cfg_ipart_incomp_isaig_fin(aa) => 

cfg_ipart_incomp_isaig_liste_i(bb) : t_iti_sans_aig_acs) 

!(aa).(aa : t_iti_partiel_acs => t_iti_sans_aig_acs <| 

cfg_ipart_incomp_isaig_liste_i~ |> 

cfg_ipart_incomp_isaig_deb(aa) .. 

cfg_ipart_incomp_isaig_fin(aa) : t_iti_sans_aig_acs +-> 

NATURAL) cfg_ipart_iprinc_tild_liste_i |> t_iti_partiel_acs : 

seq(t_iti_partiel_acs) !(aa,bb).(aa : t_iti_principal_acs & 

cfg_ipart_iprinc_tild_deb(aa) <= bb & bb <= 

cfg_ipart_iprinc_tild_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_iti_principal_acs & cfg_ipart_iprinc_tild_deb(aa) <= bb & bb <= 

cfg_ipart_iprinc_tild_fin(aa) => cfg_ipart_iprinc_tild_liste_i(bb) : 

t_iti_partiel_acs) !(aa).(aa : t_iti_principal_acs => 

t_iti_partiel_acs <| cfg_ipart_iprinc_tild_liste_i~ |> 

cfg_ipart_iprinc_tild_deb(aa) .. cfg_ipart_iprinc_tild_fin(aa) : 

t_iti_partiel_acs +-> NATURAL) dom(t_iti_partiel_acs <| 

cfg_ipart_cdv_dest_aig_i |> cfg_cdv_aig) /\ 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_dest_saig_i |> 

cfg_cdv_block) = {} dom(t_iti_partiel_acs <| 

cfg_ipart_cdv_dest_aig_i |> cfg_cdv_aig) \/ 

dom(t_iti_partiel_acs <| cfg_ipart_cdv_dest_saig_i |> 

cfg_cdv_block) = t_iti_partiel_acs == false (See Assertion2) 

cfg_ipart_pos_aig_direct_i~[{TRUE}] \/ 

cfg_ipart_pos_aig_devie_i~[{TRUE}] = {aa,bb|aa : 

t_iti_partiel_acs & bb : t_aig_acs & bb : 

cfg_ipart_aig_liste_i[(cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa))]} ran({aa,bb|aa : t_iti_partiel_acs & bb : 

t_cdv_acs & bb : 

cfg_ipart_cdv_transit_liste_i[(cfg_ipart_cdv_transit_deb(aa) .. 

cfg_ipart_cdv_transit_fin(aa))]}) <: cfg_cdv_aig ran({aa,bb|aa : 

t_iti_partiel_acs & bb : t_cdv_acs & bb : 

cfg_ipart_cdv_zdest_sscant_liste_i[(cfg_ipart_cdv_zdest_sscant

_deb(aa) .. cfg_ipart_cdv_zdest_sscant_fin(aa))]}) <: 

cfg_cdv_block {aa,bb|aa : t_aig_acs & bb : t_iti_partiel_acs & bb 

: cfg_ipart_aig_tild_liste_i[(cfg_ipart_aig_tild_deb(aa) .. 

cfg_ipart_aig_tild_fin(aa))]} = {bb,aa|aa : t_iti_partiel_acs & bb : 

t_aig_acs & bb : cfg_ipart_aig_liste_i[(cfg_ipart_aig_deb(aa) .. 

cfg_ipart_aig_fin(aa))]} {aa,bb|aa : t_iti_principal_acs & bb : 

t_iti_partiel_acs & bb : 

cfg_ipart_iprinc_tild_liste_i[(cfg_ipart_iprinc_tild_deb(aa) .. 

cfg_ipart_iprinc_tild_fin(aa))]} = t_iti_principal_acs <| 

(cfg_ipart_iprinc_i~ |> t_iti_partiel_acs) !(aa,bb).(aa : 

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_pc1_adj_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_pc2_adj_i~[{TRUE}] <: 

t_iti_partiel_acs cfg_ipart_pc1_adj_i~[{TRUE}] /\ 

cfg_ipart_pc2_adj_i~[{TRUE}] = {} 

cfg_ipart_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_aig_acs] <: t_liste_acs 

cfg_ipart_aig_liste_i~[t_aig_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_liste_acs cfg_ipart_cdv_zdest_sscant_liste_i~[cfg_cdv_block] 

<: NATURAL cfg_ipart_incomp_ipart_liste_i~[t_iti_partiel_acs] <: 

t_liste_acs_2 cfg_ipart_incomp_ipart_liste_i~[t_iti_partiel_acs] 

<: NATURAL 

cfg_ipart_incomp_isaig_liste_i~[t_iti_sans_aig_acs] <: 

t_liste_acs cfg_ipart_incomp_isaig_liste_i~[t_iti_sans_aig_acs] 

<: NATURAL cfg_ipart_iprinc_tild_liste_i~[t_iti_partiel_acs] <: 

t_liste_acs cfg_ipart_iprinc_tild_liste_i~[t_iti_partiel_acs] <: 

NATURAL cfg_cdv_i : t_nb_cdv_par_acs --> t_cdv 

cfg_aig_pos_defaut_i : t_nb_aig_par_acs --> t_etat_aig 

cfg_aig_config_i : t_nb_aig_par_acs --> 

t_nb_aig_config_par_acs cfg_aig_cdv_encl_deb : 

t_nb_aig_par_acs --> t_liste_acs cfg_aig_cdv_encl_fin : 

t_nb_aig_par_acs --> t_liste_acs cfg_aig_cdv_encl_liste_i : 

t_liste_acs --> t_nb_cdv_par_acs cfg_cdv_branche_deb : 

t_nb_cdv_par_acs --> t_liste_acs cfg_cdv_branche_fin : 

t_nb_cdv_par_acs --> t_liste_acs cfg_cdv_branche_liste_i : 

t_liste_acs --> t_nb_br_cdv_aig_par_acs cfg_canton_cdv_deb : 

t_nb_canton_par_acs --> t_liste_acs cfg_canton_cdv_fin : 

t_nb_canton_par_acs --> t_liste_acs cfg_canton_cdv_liste_i : 

t_liste_acs --> t_nb_cdv_par_acs cfg_cdv_zdest_suppl_pc1_i : 

t_nb_cdv_par_acs --> t_nb_cdv_par_acs 

cfg_cdv_zdest_suppl_pc2_i : t_nb_cdv_par_acs --> 

t_nb_cdv_par_acs cfg_cdv_i~[{c_cdv_aig}] <: 

t_nb_cdv_par_acs cfg_cdv_i~[{c_cdv_block}] <: 

t_nb_cdv_par_acs dom(t_aig_acs <| cfg_aig_config_i |> 

t_aig_config_acs) = t_aig_acs cfg_aig_cdv_encl_liste_i |> 

t_cdv_acs : seq(t_cdv_acs) !(aa,bb).(aa : t_aig_acs & 

cfg_aig_cdv_encl_deb(aa) <= bb & bb <= 

cfg_aig_cdv_encl_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_aig_acs & cfg_aig_cdv_encl_deb(aa) <= bb & bb <= 

cfg_aig_cdv_encl_fin(aa) => cfg_aig_cdv_encl_liste_i(bb) : 

t_cdv_acs) !(aa).(aa : t_aig_acs => t_cdv_acs <| 

cfg_aig_cdv_encl_liste_i~ |> cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_cdv_branche_liste_i |> t_br_cdv_acs : seq(t_br_cdv_acs) 

!(aa,bb).(aa : t_cdv_acs & cfg_cdv_branche_deb(aa) <= bb & 

bb <= cfg_cdv_branche_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa 

: t_cdv_acs & cfg_cdv_branche_deb(aa) <= bb & bb <= 

cfg_cdv_branche_fin(aa) => cfg_cdv_branche_liste_i(bb) : 

t_br_cdv_acs) !(aa).(aa : t_cdv_acs => t_br_cdv_acs <| 

cfg_cdv_branche_liste_i~ |> cfg_cdv_branche_deb(aa) .. 

cfg_cdv_branche_fin(aa) : t_br_cdv_acs +-> NATURAL) 

cfg_canton_cdv_liste_i |> t_cdv_acs : seq(t_cdv_acs) 

!(aa,bb).(aa : t_canton_acs & cfg_canton_cdv_deb(aa) <= bb & 

bb <= cfg_canton_cdv_fin(aa) => bb : t_liste_acs) !(aa,bb).(aa : 

t_canton_acs & cfg_canton_cdv_deb(aa) <= bb & bb <= 

cfg_canton_cdv_fin(aa) => cfg_canton_cdv_liste_i(bb) : 

t_cdv_acs) !(aa).(aa : t_canton_acs => t_cdv_acs <| 

cfg_canton_cdv_liste_i~ |> cfg_canton_cdv_deb(aa) .. 

cfg_canton_cdv_fin(aa) : t_cdv_acs +-> NATURAL) 

cfg_cdv_i~[{c_cdv_aig}] /\ cfg_cdv_i~[{c_cdv_block}] = {} 

cfg_cdv_i~[{c_cdv_aig}] \/ cfg_cdv_i~[{c_cdv_block}] <: 

t_cdv_acs cfg_cdv_i~[{c_cdv_aig}] \/ cfg_cdv_i~[{c_cdv_block}] 

= t_cdv_acs dom({aa,bb|aa : t_aig_acs & bb : t_cdv_acs & bb : 

cfg_aig_cdv_encl_liste_i[(cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa))]}) = t_aig_acs ran({aa,bb|aa : 

t_aig_acs & bb : t_cdv_acs & bb : 

cfg_aig_cdv_encl_liste_i[(cfg_aig_cdv_encl_deb(aa) .. 

cfg_aig_cdv_encl_fin(aa))]}) = cfg_cdv_i~[{c_cdv_aig}] == false 

!(xx).(xx : t_cdv_acs => cfg_cdv_zdest_suppl_pc1_i(xx) : 

t_cdv_acs \/ {c_cdv_indet}) !(xx).(xx : t_cdv_acs => 

cfg_cdv_zdest_suppl_pc2_i(xx) : t_cdv_acs \/ {c_cdv_indet}) 

ran(t_cdv_acs <| cfg_cdv_zdest_suppl_pc1_i |> t_cdv_acs) /\ 

ran(t_cdv_acs <| cfg_cdv_zdest_suppl_pc2_i |> t_cdv_acs) = {} 

ran(t_aig_acs <| cfg_aig_config_i |> t_aig_config_acs) = 

t_aig_config_acs t_canton_acs <: dom({aa,bb|aa : t_canton_acs 

& bb : t_cdv_acs & bb : 

cfg_canton_cdv_liste_i[(cfg_canton_cdv_deb(aa) .. 

cfg_canton_cdv_fin(aa))]}) 

cfg_aig_cdv_encl_liste_i~[(cfg_cdv_i~[{c_cdv_aig}])] <: 

t_liste_acs cfg_aig_cdv_encl_liste_i~[(cfg_cdv_i~[{c_cdv_aig}])] 

<: NATURAL cfg_cdv_branche_liste_i~[t_br_cdv_acs] <: 

t_liste_acs cfg_cdv_branche_liste_i~[t_br_cdv_acs] <: 

NATURAL cfg_canton_cdv_liste_i~[t_cdv_acs] <: t_liste_acs 

cfg_canton_cdv_liste_i~[t_cdv_acs] <: NATURAL 

ran(cfg_aig_cdv_encl) = cfg_cdv_aig == false (NOTE: already 

false in acs_as_env_ctx_aiguille) c_direct : t_cde_pos_aiguille 

c_decontrole /: t_cde_pos_aiguille NAT <: NATURAL t_liste_acs 

<: NATURAL t_liste_acs_2 <: NATURAL 
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situation before 

deploy 

Assertion 

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 



ProB est utilisé pour la vérification des paramètres de systèmes de signalisation 
ferroviaire d'Alstom Transport. 
Il a permis notamment de réduire le coût et la durée de la vérification des paramètres 
des systèmes installés à Santiago du Chili, Panama City et Mexico City. 
En outre Alstom Transport expérimente ProB pour la génération de paramètres et pour 
la validation de modèles formels de systèmes de signalisation. 
Luis-Fernando Mejia, Alstom 

 



São Paulo line 4 

• 210 files, >30,000 lines of B 

• >2500 assertions, >32,000 

properties to be checked 

• some very large sets (e.g., 

1..65535), some infinite sets 

(e.g., INTEGER - {x}) 

• inconsistencies found ! 

cf. 

Chapter 





Why B ? 

 

Why ProB ? 

 

Challenges 



declarative/expressive 

decidable/ 

efficient 

C 
Prolog 

Alloy 

Z 

B 



ExplicitComputationsCLPFD 



Why B & ProB 

Formal Properties 

The most expressive language 

in the world 

> 2,500 years of human 

experience 

Intelligible 

Feedback 

on your data 

Unambiguous, 

Easy to express, 

Easy to understand, 

Easy to adapt 



Formal Properties 

Why ProB 

Efficient Engine 

Fully Automatic 

Validated Engine 

In use by 

Siemens,  

Alstom,... 



Why ProB 

Can fit into your process 

Open Source Core 

Command-line interfaces 

Java-API 

Formal Properties 



very 

expressive 

efficient 

good feedback 

validated 

probcli fits into design flow 

Summary 

Infrastructure 

Coverage Reports 

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


DTVT 

• Tool based on ProB developed by 

• ClearSy, Alstom, Formal Mind 





the future 

• B as a high-level 

• query language 

• constraint-solving language  

• programming language 



b as high-level query 

language 
• data validation: 

• Siemens 

• Alstom, ClearSy, ... 

• many properties can be conveniently 

expressed in B and now be checked on 

real data with ProB 

• double chain possible: Ovado, ProB-

Kodkod, PyProB (in development) 



b as a high-level 

constraint solving 

language 

• very easy to express properties: 

@perm p∈ Nodes ⤖ Nodes 

@iso ∀x,y•(x∈Nodes ∧ y∈Nodes ⇒ (x↦y∈graph1 ⇔ p(x)↦p(y) ∈ graph2)) 

@ctype colour∈ Vtx → 1‥maxcol 

@alldiff (∀i,j•i↦j∈graph1 ⇒ colour(i) ≠  colour(j)) 





Source: http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html 

http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html
http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html
http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html
http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html
http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html
http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html
http://wikibon.org/blog/wp-content/uploads/2012/02/evolution-of-programming.html


ExplicitComputationsCLPFD 



b as a high-level 

programming language 
• Alstom ongoing project: 

• large data (cf data validation) 

• find data (cf constraint solving) 

• computation: infinite functions, 

recursive functions, external functions 

(sin, cos, ...) 

• efficiency important 



conclusion 

• move systems engineering to the next 

level 

• move B to next level 

• ProB, BMotionStudio, ProR 



thank you 

• http://www.formalmind.com/ 

http://www.formalmind.com


backup slides 

 



CBC Deadlock 

Checking 

• successful Deploy case 

study with Bosch 

SMT Solvers 

Plugin + Z3: 
ProB: 

$z3 -smt2 dlf1_z3.smt  

...WARNING: pulled nested quantifier to be able to find 

an useable pattern (quantifier id: k!405)unknown 

BPEL Example: 





Latest 

Bosch 

Experiment

s 
• 78 constants, 121 

axioms, 62 variables, 59 

invariants, 80 events, 

855 guards 

• card: 79 ×∞, 1×265, 

1×252, 11×232, ... 

• 34 pages of A4 formula 

solved in 1-2 seconds 

• So far: no success with 

SMT/SAT 



kodkod.engine.CapacityExceededException: Arity too large (10) for a universe of size 35 at 

kodkod.instance.TupleFactory.checkCapacity(TupleFactory.java:266) at 

kodkod.instance.TupleFactory$IntTuple.<init>(TupleFactory.java:325) at 

kodkod.instance.TupleFactory.tuple(TupleFactory.java:88) at 

de.stups.probkodkod.types.TupleType.createAllTuples(TupleType.java:95) at 

de.stups.probkodkod.KodkodAnalysis.extractTupleSet(KodkodAnalysis.java:725) at 

de.stups.probkodkod.KodkodAnalysis.addRelations(KodkodAnalysis.java:666) at 

de.stups.probkodkod.KodkodAnalysis.caseAProblem(KodkodAnalysis.java:246) at 

de.stups.probkodkod.parser.node.AProblem.apply(AProblem.java:75) at 

de.stups.probkodkod.parser.analysis.DepthFirstAdapter.caseAProblemAction(DepthFirstAdapter.java:55) at 

de.stups.probkodkod.parser.node.AProblemAction.apply(AProblemAction.java:34) at 

de.stups.probkodkod.parser.analysis.DepthFirstAdapter.caseStart(DepthFirstAdapter.java:34) at 

de.stups.probkodkod.parser.node.Start.apply(Start.java:36) at 

de.stups.probkodkod.KodkodInteraction.interaction(KodkodInteraction.java:54) at 

de.stups.probkodkod.KodkodInteraction.main(KodkodInteraction.java:95) 

for Bosch example 


