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Last Year:

* We started implementing the Rodin proof rules in Prolog
* Initial idea: improve traceability and understanding of proofs in teaching
In Rodin, individual proofs steps can be difficult to explore (and understand)

* Turn mathematical definitions into executable Prolog rules that can be used in a prover

https://wiki.event-b.org/index.php/Inference_Rules
https://wiki.event-b.org/index.php/All_Rewrite_Rules
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Animate the Proof

ProB’s sequent prover allows to animate the proof rules
Each PO is a start state

Based on the current sequent and the transition predicates,
the ProB animator gives the applicable proof rules

The state is the current proof sequent (+ continuations)

* Prolog transition for the IMP_R rule:

trans(imp_ r, sequent (Hyps, implication(P,Q),Cont),
sequent (Hypsl, Q ,Cont))
add hyp (P, Hyps,Hypsl) .
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New Features E& th

Allmost all rules implemented (= 600) and integrated into the ProB core
Interactive proving with ProB together with visualisation
New exports:

Interactive HTML proof tree

Proof export as Rodin BPR file (experimental)

First version of an automated prover
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Proof Exports from ProB
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Interactive HTML Document
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Demo:

& <> >» 9O & X~

roB2-Ul

© fin_rel_r(Rel)
© fin_subseteq_s(Set)

© forallinst(HypAr, inst)

© forall_inst_mp(HYPNS, Inst)
© forallinsLmt(HypNr, Inst)
> hyp

>

lasso

ml

ml_po

v

mon_deselect (radiation € field  \)

B mon_deselect (rover € field)
w
prob_disprover
? prob_vid_prover
resclect_hyp (1058 1 BENT)
reselect hyp (10SLALENT

v

v

0 =0

Name

| swes

rover3_inv14_wd_vith_fungoal

8

Sequent Prover Everythingis OK®

“5 Rover3.probpo - SequentProverExamples - ProB2-UI*

P Statistics (states

P Verifications.

¥ Froject

Machines Preferences

» find_ctx
find_ctxffind_ctx.pl

» GetPositiveElements
GetPositioElemen!s/GelPosilive Eloments.pi
» Rover3

marsRoverRoverd pl

B @

Transition

Description |

Current State Previous State
[rackation € field 4 [rackation ¢ field > v
rover € fied rover) < field
rover € fied rover € fieid

- An Event-B Sequent Prover in Prolog and ProB

) 100t
1 start_xt_system

2 reselect_hyp(member(§ radiat.
3 resslect_hyp(subset(set_exte...
4 and_r

5 fun_goal

5 simplify_goal(DERIV_DOM_T
7 simplify_hyp('SIMP_SUBSE.
8

hyr

IVI4IWD (true)
reselect_hyp (radiation € field
reselect_hyp ({rover} < field)

DERIV_DOM_TOTALREL (ro
SIMP_SUBSETEQ_SING ({r..

imples - Prob2-Ui*

Symbelic

Heinrich Heine
University Disseldorf [

*roof Obkgations

[iL]

Proof Oblgations

€L €€ €€ <€ Cg

o

INTIALSATIZNINISYAD
INTIALSATICNimA4NY
INTIALSATICNmASINYG
INTIALSATICNmAGINY
INTIALSATICNmAZINY
imA4ND
moveEackward act3 WD
moveBackwand/act3zivg
moveBackwanyisct3AWE
moveackwardigrd31WD
movellackvand i 4 NV
moveBackwad i 5Ny

=N

0 J——

i Proof Tree X
v (Y ProB AST normalisation

v &) slsds
v reselect_hyp ({rover} < field)
v @) A goal

[ functional goal

+ [/ total function dom substitution in goal
+ 5/ SIMP_SUBSETEQ SING ({rover} ¢ field)

& hyp




hhu

Heinrich Heine
University Disseldorf [
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EXISTS_ INST

_ . . H + WD(E) H + P(FE)
.execute by predicate” mechanism H + 3z-P(z)

Rules with User Input:

transitions arguments provided by the user

o [ ] Execute by Predicate

Operation: exists_inst

.. Parameters:
Additional Provers:
Name Value Type
. .. Inst UX|XESAXETY Parameter
*  Symbolic transitions
can on Iy be exeCUted manua l ly Additional predicate (evaluated in post-state, use $0 to access variabl...

STATE_PROPERTY("GOAL") ="T"

e.g. AtelierB M L/ P P, ProB W D/ Dis prover Failed to execute operation with the specified parameters ...

call external provers
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public class FiniteSetMinus extends EmptyInputReasoner {
public static final String REASONER_ID = SequentProver.PLUGIN_ID + ".finiteSetMinus";

@0verride

public String getReasonerID() {
return REASONER_ID;

}

@ProverRule("FIN_SETMINUS_R")

: protected IA d [] getA dents (IProverSeq seq) {
H }_ ﬁnltve (S) Predicate goal = seq.goal();h
* // goal should have the form finite(S \ T)
H I— ﬁnlt.e (S \ T) it (ILib.isFinite(goal))

return null;
SimplePredicate sPred = (SimplePredicate) goal;
if (!Lib.isSetMinus(sPred.getExpression()))
return null;

FIN SETMINUS R

// There will be 1 antecidents
IAntecedent[] antecidents = new IAntecedent[1];

BinaryExpression aExp = (BinaryExpression) sPred.getExpression();

trans desc wo info( Expression § - aExp.getleft();
- - - final FormulaFactory ff = seq.getFormulaFactory();

. . Predicate newGoal = ff.makeSimplePredicate(Predicate.KFINITE, S, null);
fin setminus r,

antecidents[0] = ProverFactory.makeAntecedent (newGoal);

sequent (Hyps, finite (set_subtraction(S, )),Cont), N return antecidents;

sequent (Hyps ,finite (S) ,Cont) , protected String getDisplaylane() {
return "finite of \ ";
- - }
"finite of \’
@0verride
) public IReasoner0utput apply(IPrcverSequent seq, IReasonerInput input,
¢ IProofMonitor pm) {
IAntecedent[] antecidents = getiAntecedents(seq);
if (antecidents == null)
return ProverFactory.reasonerFailure(thie, input,
"Inference " + getReasonerID() + " is not applicable");
// Generate the successful reasomer output
return ProverFactory.makeProofRule(this, input, seq.goal(),
getDisplayName(), antecidents);
1

¥
An Event-B Sequent Prover in Prolog and ProB




hhu

Prolog vs Java Encoding of Proof Rules

University Disseldorf [

simp rule with hyps(domain (R) ,Dom, 'DERIV_DOM TOTALREL',6Hyps) :-
member (member (R,RType) ,Hyps) , is_rel (RType, total,Dom, ).

simp rule with hyps(range(R) ,Ran, 'DERIV_RAN SURJREL',6Hyps) :-
member (member (R,RType) ,Hyps) , is_surj (RType, ,Ran).

- Java (Rodin): class with more than 200 lines for first rule, second rule not implemented
*  Prolog (ProB): add second rule with 1-2 lines of code

Tool Language Code for Sequent Prover Missing Rules
Files LOC|SLOC Person Years|Rewrite Inference

Rodin Java 320 5018227580 6.51| 55/536 16/123

PRrROB Prolog 4 4208| 3705 0.79| 12/536 8/123

The columns SLOC (Source Lines of Code) and the estimated development effort in person years were generated using David A. Wheeler’s ‘'SLOCCount’.
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Implemented almost all of Rodin proof rules in Prolog
new Sequent Prover mode of ProB
HTML: interactive proof tree export — also useful for teaching
BPR: proof replay in Rodin — use of ProB prover as second chain

|deas for future work:
continue and improve automated prover, integrate as Rodin Plugin?
PO generation with ProB
Al-guided proof

More ideas, questions?

https://prob.hhu.de/w/index.php?title=Sequent_Prover
https://stups.hhu-hosting.de/models/sequent_prover
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