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Introduction

Collaboration with Siemens (IC-MOL)
@ M. Jacquel’'s PhD thesis, superv. by K. Berkani, D. Delahaye, C. Dubois ;
@ VAL, automatic metro systems, optical guidance for buses/trolleybuses ;
@ Meteor line (line 14) at Paris, opened 13 years ago.
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Use of the B Method

The B Method
@ Defined in the B-Book (1996) by J.-R. Abrial ;
@ Based on a (typed) set theory ;

@ Generation of executable code which conforms to formal specifications ;
@ Notion of machines, which are refined until implementations ;

@ Generation of proof obligations (consistency, refinement) ;

@ Supporting tool : Atelier B (ClearSy).

Proof Activity with Atelier B

@ Automated proofs (pp);
@ Interactive proofs :
> Apply some tactics ;
> Add some rules (axioms).
o If the added rule is wrong then :

» The proof of the proof obligation may be unsound;
» The generated code may contain some bugs.
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The B Method
@ Defined in the B-Book (1996) by J.-R. Abrial ;
@ Based on a (typed) set theory ;
@ Generation of executable code which conforms to formal specifications ;
@ Notion of machines, which are refined until implementations ;
@ Generation of proof obligations (consistency, refinement) ;
@ Supporting tool : Atelier B (ClearSy).

Figures

@ Meteor : 27,800 proof obligations, 1,400 added rules;
@ Currently about 5,300 rules in the rule database of Siemens.
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Rule Verification

Rules
@ Set formulas with metavariables and guards ;

@ Deduction rule :

InSetXY : binhyp(f € A+ B) A (a€ dom(f)) A (f(a) € u) = (ae f'[u])
@ Rewrite rule :

Associativity : au (buc) ==aUbuUc

Verification Process
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The BCARe Environment
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Automated Verification of Rules

Lizc Approach
@ Proof algorithm written in Coq using L ;
@ Preliminary normalization to get rid of set constructs ;
@ Naive and incomplete heuristic;
@ No unification, no contraction.

Zenon Approach
@ Use of a complete and efficient ATP;
@ Preliminary normalization (as previously) ;
@ Unreification of formulas required ;
@ Rereification of the generated Coq proofs.
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Benchmarks

Derived Rules
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Benchmarks

Figures

@ Derived rules of the B-Book :

» For 71% of the rules of the graph, Zenon is faster than L ;
» Over 200 tested derived rules, 15 of them cannot be proved using Lzc.

@ Added rules of the rule database of Siemens :

» 1735 tested rules (only rules with set operators) ;
» 1269 rules (73%) proved by the Zenon approach ;
» 804 rules (46%) proved by the L, approach.

@ See the SEFM’'11 paper for more details.

@ Incomplete approaches (preliminary normalization) ;
@ Weak performances in terms of time (preliminary normalization).
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Deduction Modulo and Superdeduction

Inclusion

vavb ((aC b) & (Vx (x € a= x € b)))

Proof in Sequent Calculus

L XCAFACAxcA ™
...FACAXxeA=xcA —R
FACAX(xcAsxcA) R TACAFAcCA M
L X(XCA=XCEA)SACAFACA =L

ACAs (Wx(xeA=xcA)FACA

vavb((aC b) < (Vx(xca=xeb))FACA

VL x 2
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Deduction Modulo and Superdeduction

Inclusion

vavb ((aC b) = (Vx (x € a= x € b)))

Rewrite Rule

(aCb)— (Vx(xea= xeb))

Proof in Deduction Modulo

xXecAkFxecA Ax

FxeA=xcA
-
_ CACA VR,ACA—=VXx (xeA=xcA)
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Deduction Modulo and Superdeduction

Inclusion

vavb ((aC b) — (Vx (x € a= x € b)))

Computation of the Superdeduction Rule

N-vx(xea=xebh),A

rN-ach A
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Deduction Modulo and Superdeduction

Inclusion

vavb ((aC b) — (Vx (x € a= x € b)))

Computation of the Superdeduction Rule

NxeakFxeb A

lN-xcea=xebA

N-vx(xea=xebh),A
NrN-achbA

=R
VR, x ¢ T, A
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Deduction Modulo and Superdeduction

Inclusion

vavb ((aC b) — (Vx (x e a= x € b)))

Computation of the Superdeduction Rule

NxeakFxeb A
rN-achbA

IncR, x €T, A

Proof in Superdeduction

xXecAFxecA ﬁiR
FACA
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Integrating Superdeduction to Zenon

The Tableau Method
@ We start from the negation of the goal (no clausal form) ;
@ We apply the rules in a top-down fashion;;
@ We build a tree whose each branch must be closed ;
@ When the tree is closed, we have a proof of the goal.

Closure and Cut Rules

1L -1 _
= O —5— -1 p-p cul
_‘Rr(t, t) P —|P Rs(a, b) _‘Rs(b, a)
@ ®I’ @ @ @ ®S
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Integrating Superdeduction to Zenon

Analytic Rules

P "7  —p-aip@’  Thap-a’*
PAQ ~(PV Q) ~(P= Q)
pa " P-a e R
Pla ™ —P[-q 7 Pla =
Ix P(x) —Vx P(x) 5
a P(e(x).P(x)) - —~P(e(x)—P(x)) 7 i
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Integrating Superdeduction to Zenon

Vx P(x) —-3x P(x)

P(X) M ~P(X) Y-3Im

Vx P(x) i —3dx P(x) .
P(l’) Vinst —|P(t) —3inst

Relational Rules
@ Equality, reflexive, symmetric, transitive rules;
@ Are not involved in the computation of superdeduction rules.
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Integrating Superdeduction to Zenon

Computation of Superdeduction Rules
@ S = closure rules, analytic rules, vy and y-gp rules;
@ AxXiom: R: P — ¢;
@ A positive superdeduction rule R (and a negative one —R) :

» We initialize the procedure with the formula ¢ ;
» We apply the rules of S until there is no applicable rule anymore;
» We collect the premises and the conclusion, and replace ¢ by P.

o If metavariables, we add an instantiation rule Ry (or —=Ri).

Example (inclusion)

-Vx(x€ea=xeb)

Vx (x €a= x€b) - —(ex € a= ex € b) ﬁv
Xeca=Xecb 4 ex €Eaex € b o=
XdéalXeb '~ o

with ex = €(X).~(x € a=> x € b)
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Integrating Superdeduction to Zenon

Computation of Superdeduction Rules
@ S = closure rules, analytic rules, yvy and vz rules;;
@ Axiom: R: P — ¢p;
@ A positive superdeduction rule R (and a negative one —R) :

» We initialize the procedure with the formula ¢ ;
» We apply the rules of S until there is no applicable rule anymore ;
» We collect the premises and the conclusion, and replace ¢ by P.

o If metavariables, we add an instantiation rule Ry, (or =Ri).

Example (inclusion)

aZb
Exea,Eng

with ex = e(x).-(x € a= x € b)

ach —Inc

XczaTXeb Ine
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Integrating Superdeduction to Zenon

Computation of Superdeduction Rules
@ S = closure rules, analytic rules, ywu and -3y rules;
@ Axiom: R: P — p;
@ A positive superdeduction rule R (and a negative one —R) :

» We initialize the procedure with the formula ¢ ;
» We apply the rules of S until there is no applicable rule anymore ;
» We collect the premises and the conclusion, and replace ¢ by P.

o If metavariables, we add an instantiation rule Ry, (or = Ring).

Example (inclusion)

agb
ach ach ———— —Inc

_— ——————— Incjyg € a, b
Xda|Xecb © tdalteb o € € a6 &

with ex = €(X).—~(x € a= x € b)
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Superdeduction Rules for the B Set Theory

Axioms (4 over 6)

(x,y)eaxbexecanyeb
acPb)evVx(xea=xeb)

xe{yl|Ply)} < Px)
a=b&evVx(xceas xeb)

Superdeduction Rules (Comprehension and Equality)

xe{y|P(y)} xg{y|P(y)}
Px) {1} ~P(x) {1}
a=b azb #

exZaex€Eblex€aexedb B

with ex = €(x).~(x € a< x € b)

XdaXdéb XcaXeh
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Superdeduction Rules for the B Set Theory

Axioms (4 over 6)

(x,y)eaxb—xecanyehb
acP(b)-Vx(xea=xeb)

xe{yl|Ply)}— Px)
a=b—-Vx(xceas xeb)

Superdeduction Rules (Comprehension and Equality)

xe{y|P(y)} xg{y|P(y)}
Px) {1} ~P(x) {1}
a=b azb #

exZaex€Eblex€aexedb B

with ex = €(x).~(x € a< x € b)

XdaXdéb XcaXeh
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Superdeduction Rules for the B Set Theory

Definitions

E£F

R:xeE—-xeF
aub2{x|xcavxeb}
anb2{x|xcanxeb}
U:xeaUb—xe{x|xeavxeb}
N:xeanb—xe{x|xeanxeb}

Superdeduction Rules (Union and Intersection)

xe€aub xeanb
xealxeb xeaxeb
N x¢aub x¢Zanb A B

xZaxégb - xégalxgb A
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Superdeduction Rules for the B Set Theory

Relations

Superdeduction Rules (Inverse)

MWET‘f1 (xy)ga' |
(y,x)ea y.x)¢a
xeca oy
a
X = (6}/762)7 (6276y) ca X ¢ a_1 _
N with ey = e(y).(3z (x = (v, 2) A (y,2) € a~ ")) X;é (Y,Z) | (Z, Y) §£ a ~a |

and e; = €(2).(x = (ey, 2) A (e, 2) € a 1)
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Benchmarks

Superdeduction vs Pre-Normalization (Time)

1000

Zenon Superdeduction

N 1] 50 100 150 200 |
Zenon FOL
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Benchmarks

Superdeduction vs Prawitz’s Approach (Number of Nodes)

Extension Superdeduction

400

340

300 A

240 4

200 A
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a0 A
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Benchmarks

Figures
@ Number of rules that can be handled : 1397 rules;
@ Initial approach (with Zenon) : 1145 proved rules (82%) ;

@ With Zenon extended to superdeduction :

» 1340 proved rules (96%) ;
» On average, proved 67 times faster (best ratio : 1,540).

@ With Zenon a la Prawitz :

» 1340 proved rules (96%) ;
» On average, 1.6 times more nodes (best ratio : 6.25).

@ See the IUCAR’12 paper for more details.

@ Initial approach with Zenon : problems of the preliminary normalization.
@ No example due to incompleteness yet identified.
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Generalization of the Approach

For any Theory
@ Automated orientation of the theories;
@ Not oriented axioms left as axioms;;
@ Superdeduction rules computed using other superdeduction rules;
@ New tool : Superdeduction + Zenon = Super Zenon !

Figures
@ Over 6644 FOF problems of the TPTP library ;
@ Zenon : 1612 proved problems;;
@ Super Zenon :

@ Next CASC competition (IJCAR’12), FOFT and FOF divisions;;
@ Download : http://cedric.cnam.fr/~delahaye/super—zenon/.
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Generalization of the Approach

For any Theory
@ Automated orientation of the theories;
@ Not oriented axioms left as axioms;;
@ Superdeduction rules computed using other superdeduction rules;
@ New tool : Superdeduction + Zenon = Super Zenon !

Figures
@ Over 6644 FOF problems of the TPTP library ;
@ Zenon : 1612 proved problems;;
@ Super Zenon : 2435 proved problems (increase of 12%).

@ Next CASC competition (IJCAR’12), FOFT and FOF divisions;;
@ Download : http://cedric.cnam.fr/~delahaye/super—zenon/.
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