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Introduction

e Integrate Tableau theory as a regular SMT theory for completeness
e Integrate rewriting into SMT for better performances

e Unification modulo rewriting

Guillaume Bury, Simon Cruanes, David Delahaye SMT modulo Tableaux and Rewriting 2/21



SMT, SAT and Theory

All this work is done in the context of an SMT solver

e SMT = SAT + Theory

e SAT = unit propagation + conflict detection/analysis + backtracking

Clauses can be added to the solver during solving
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SMT modulo Tableau



Tableau method

Tableau proof search:

e sequent calculus
e [F L

e contraction at each step
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Boxed formulas

Boxed formulas: |Vx:N.x>0— x+1> 0|
Negations escape boxes: |=P| =—=|P|, |[-—P| = |P]

Boxed formulas are literals

Clauses are disjunctions of (negated) boxed formulas:
C=-|PVQ|VI|P|IVI|Q]

Similar to what is done in Satallax
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Tableau theory

e Encode propositional logic into clausal calculus
e Realizes a lazy CNF conversion

e Each time a literal (i.e. a boxed formula) is decided or propagated,
add clauses that “unfold” its top logical connective
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()
Clauses Trail

o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
e (o=-]|AVC—>AVBV(] e |[AVC—>AVBVC(C|+—oL
e G1=|F|V|AV (]
e &G=|F|V-|AVBVC(C|
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e G1=|F|V|AV (] e |[AVC| 0T

e« G=|F|V-|AVBVC]
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e Ci=|F|VI|AV (| e |[AVC| =T
e G=|F|ValAVBV (] e |AVBVC|p L
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e Ci=|F|VI|AV (| e |[AVC| =T
e G=|F|ValAVBV (] e |AVBVC|p L

G=-|AVC|VI|AlV|C]
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e Ci=|F|VI|AV (| e |[AVC| =T
e G=|F|ValAVBV (] e |AVBVC|p L

e G=-]AVC|V|A|lV|C]
e GG=|AVBVC|V-lA]
e GG=|AVBVC|V~-|B]
e Gs=|AVBVC|V-|C]
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e Ci=|F|VI|AV (| e |[AVC| =T
e G=|F|ValAVBV (] e |AVBVC|p L
e G3G=-|AVC|V|AlV|C]| o Al o L

o &= |AVBVC|V-lA]
e GG=|AVvBvVC|V-|B]
e Gs=|AVBVC|V-|C]
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()
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o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e Ci=|F|VI|AV (| e |[AVC| =T
e G=|F|ValAVBV (] e |AVBVC|p L
e G3G=-|AVC|V|AlV|C]| o Al o L
e G4=|AVBVC|V-|A] e |B] oL
e GG=|AVBVC|V~-|B]
e Gs=|AVBVC|V-|C]
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e Ci=|F|VI|AV (| e |[AVC| =T
e G=|F|ValAVBV (] e |AVBVC|p L
e G3G=-|AVC|V|AlV|C]| o Al o L
e G4=|AVBVC|V-|A] e |B] oL
e GG=|AVBVC|V-|B] o [Cls0 L
e Gs=|AVBVC|V-|C]
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Tableau theory - example

Let's prove that F = (AV C) - (AV BV ()

Clauses Trail
o (o=-]AVC—AVBVC(C| o |AVC—-AVBVC|—g L
e G1=|F|V|AV (] e |[AVC| 0T

e G=|F|V-|AVBVC|

e G=-]AVC|V|A|lV|C]
e GG=|AVBVC|V-lA]
e GG=|AVBVC|V~-|B]
e Gs=|AVBVC|V-|C]

|
I
|AVBV C| gL
|A] —o L
I
|

BJ'—)oJ_
J*—)()J_

Conflict in G3 !
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Quantified formulas and meta-variables

Generate epsilon-terms for existentials:

C = —[3x.P(x)] V | P(e(x).P(x))]

Generate meta-variables for universals:

C =|Yx.P(x)] V [P(Xyx.P(x))]

When a model is found unify formulas that are true with those that
are false, to get a substitution on meta-variables

Instantiate a substitution { Xy, p(x) = t}:

C = =|Vx.P(x)] V | P(t)]
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))

Clauses Trail
e Go=~|D]
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))

Clauses Trail
° Co:ﬁLDJ ° LDJ '—>0J_
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)

Clauses Trail
e Go=-|D] o |D]+o L
e GG=|D]V[~E]
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)

Clauses Trail
e Co=-|D| o |D]+o L
e (G =|D]|V|-E] o |[E|—o L
o« G=|E|V|p(X)]
o G=[E]V|Vy. p(y)]
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)

Clauses Trail
e (o =-|D] e |[D]—p L
e (G =|D]|V|-E] o |[E|—p L
o G =[E]V[p(X)] o [p(X)] =0 T
o G=[E]V|Vy. p(y)]
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)

Clauses Trail
o Co=-|D] o [D] gL
e C1=|D|V|-E] e |E| oL
e G =[E|V|p(X)] o [p(X)] =0 T
e G=[E|V~lVy. ply)] o [Vy. p(y)] —o L
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)

Clauses Trail
. Co=ﬂLDJ o [D|—o L
e G, =[D]VI[-E] o [Elmo L
e &= |E]V[p(X)] o [p(X)] =0 T
e G=[E|V~lVy. ply)] o [Vy. p(y)| 0oL
o G=|Vy. p(y)| v —Lp(r)]
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)

Clauses Trail
e Go=~[D] o [D] oL
°C1=LDJVL E| o [E|o L
e &= |E]V[p(X)] o [p(X)] =0 T
e G=[E|V~lVy. ply)] o [Vy. p(y)| 0oL
o G=|Vy. p(y)| v —Lp(r)] o [p(T)] oL
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)
e Unify p(X) and p(7)

Clauses Trail
e Go=~[D] o [D] oL
°C1=LDJVL E| o [E|o L
e &= |E]V[p(X)] o [p(X)] =0 T
e G=[E|V~lVy. ply)] o [Vy. p(y)| 0oL
o G=|Vy. p(y)| v —Lp(r)] o [p(T)] oL
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Quantified formulas - example

Drinker's paradox:

e D =3x. p(x) = (Vy. p(y))
o E=p(X)—Vy. p(y)
e Unify p(X) and p(7): {X — 7}

Clauses Trail
e Go=~[D] o [D] oL
°C1=LDJVL E| o [E|o L
e &= |E]V [p(X)] o [p(X)] =0 T
e G=[E|V~lVy. ply)] o [Vy. p(y)| 0oL
o G=|Vy. p(y)| v —Lp(r)] o [p(T)] oL
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Quantified formulas - example

e D =13x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)
o E' =p(1) = Vy. p(y)

Clauses
Trail

[ ] CO = ﬁLDJ

° LDJ —0 1L
o (i =|D]V-lE]

o |[E|—p L
o &= |E|V[p(X)]

B o [p(X)| 0T

o G3=[E]V~[Vy. ply)] o Y. p(y)] 0 L
e G = |¥. p(y)] V-lp(r)] ) Lp(yT)T : B
o Gs=|D|V—|E] °
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Quantified formulas - example

e D =13x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)
o E' =p(1) = Vy. p(y)

Clauses
Trail

e (o =-|D]

o |[D|—o L
o GG=[D]V~lE]

o |[E|—=o L
e &= [E|V[p(X)]

- o [p(X)] =0T
o G=|E|V|Vy. py)] o [Vy. p(y)] o L
o Cyo=|Vy.p(y)]V—lp(r)] o 0
“ , o |p(T)] 0o L

e Gs=|D|V~|E]

° LE/J o L
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Quantified formulas - example

e D =13x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)
o E' =p(1) = Vy. p(y)

Clauses
- Trail
0= e |[D]—p L
o (1 = LDJ \/_‘LEJ
e LEJ y Lp(X)J ° LEJ —o L
o [p(X)] =0T
o G3=|E|V-|Vy. p(y)]
- o [Vy. p(y)] —o L
o Co=[Vy. p(y)| vV —lp(r)]
. , o |p(7)] =0 L
e GG=|D|V~|E|
° LE/J —o L
o Go=|E']V |p(7)]
o G =|E'|V—|Vy. p(y)]
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Quantified formulas - example

e D =13x. p(x) = (Vy. p(y))
o £=p(X)—Vy.p(y)
o E' =p(1) = Vy. p(y)

Clauses

o . Trail

0 — ° LDJ —o L
e C;=|D]V~l|E] o |[E| o L
e G =|E|V|p(X)] o | (X)JO._> T
o (3= LEJ V ﬁWy. P(Y)J A Lsy p(y)f.—) 1
o G =Yy p(y)] V-lp(7)] 5 (')JH J_O
o G5 = \_D \/_‘LEIJ p/T 0

o o [E'| =0 L

e Go=[E'|V[p(T)] e Conflictin Gg !
. G = E]V-lvy. ply)] .
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Quantified formulas - more details

e Terms are immutable: meta-variables are never substituted, instead
new terms are generated

e Meta-variables are rigid: during unification they can be bound only

once

e Need to unify modulo equalities in general

Guillaume Bury, Simon Cruanes, David Delahaye SMT modulo Tableaux and Rewriting 11/21



SMT modulo Rewriting




Rewriting system

Rewrite rule: | — r, with FV(/) C FV(r)

e term rewrite rule: / and r are terms
e formula rewrite rule: [/ is an atomic formula and r a formula

o t — t'if a subterm/subformula t, = o(/), and t' = t[o(r)],,

A term is in normal form when it can't be rewritten anymore

e \We assume the rewrite system is terminating and confluent
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Rewriting as a theory

e Similar to Tableau theory, whenever a boxed atomic formula is
propagated or decided, normalize it and add a clause:

\/ —Wvgler|v| \ -lvxi=r] | VIPe P
(LNeT (L,reF

with:
e T the set of term rewrite rules used during normalization
e F the set of formula rewrite rules used during normalization
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€a=x€ca)=aC a G=|Vxx€a=xc a
H=|ex € a= ¢ € a I = |ex € a]
Trail

Clauses !

[ C].:ﬁA
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Rewriting - example

|(Vs,t.sCteVxxes=xet)=acC al
|Vs,t.sCteVxxes=>xet] C=lacCa
laCaeVxxca=xc a E=laCa=Vxx€a= x¢cal
| G

/

A
B
D
F

(Vxx€a=x€a)=acCal =|¥xx€a=x¢c a

H=|ex € a= ¢ € a = |e&x € 3
Trai
Clauses rail
o Cl — A o A —0 1
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Rewriting - example

A=|(Vs,t.sCtVxxeEs=>x€et)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€a=xeca)=aC a G=|Vxx€a=xc a
H=|ex € a= ¢ € a I = |ex € a]
Trail

Clauses !

OCl—ﬁA OAF—>0J_

e« G=AVB

o Gs=AV~C
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Rewriting - example

|(Vs,t.sCteVxxes=xet)=acC al
|Vs,t.sCteVxxes=>xet] C=lacCa
laCaeVxxca=xc a E=laCa=Vxx€a= x¢cal
| G

/

A
B
D
F

(Vxx€a=x€a)=acCal =|¥xx€a=x¢c a

H=|ex € a= ¢ € a = |e&x € 3
Trai
Clauses rail
o Cl — A o A —0 1
B T
« G—AVB * 2o
(rewrite rule)
e (;3=AV-C
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Rewriting - example

|(Vs,t.sCteVxxes=xet)=acC al
|Vs,t.sCteVxxes=>xet] C=lacCa
laCaeVxxca=xc a E=laCa=Vxx€a= x¢cal
| G

/

A
B
D
F

(Vxx€a=x€a)=acCal =|¥xx€a=x¢c a

H=|ex € a= ¢ € a = |ex € &
Clauses Trai
. CL—-A o Ao L
¢« G=AVB @ Eie
(rewrite rule)
e GG=AVC o Cop L
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xet] C=laCal
D=|laCaeVxx€ca=xc€a E=laCa=Vxx€c€a= x¢€al
F=|(Vxx€a=x€ca)=aC a G=|Vxx€a=xc a
H=|ex € a= ¢ € a I = |ex € a)
Trail
Clauses !
o Cl—ﬁA OAF—>0J_
B T
« G=AVB * oo
(rewrite rule)
G=Av-C
e o C’—)oJ_
e (4 =-BVvD
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€a=x€ca)=aC a G=|Vxx€a=xc a
H=|ex € a= ¢ € a I = |ex € a]
Trail
Clauses !
o Cl—ﬁA OAF—>0J_
B T
« G=AVB * oo
(rewrite rule)
G=Av-C
e o C’—)oJ_
Ci=-BVvD
¢ C e Di—og T
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xet] C=l|acCal
D=|aCasVxx€a=>x€al] E=|aCa=Vxx€a= xca]

F=|(Vxx€a=x€ca)=aC a G=|¥xx€c€a=xca
H=|ex € a= ¢ € a I =|ex € a]
Trail
Clauses ral
o Ci=—A e CGg=-DVF e Ao L
B T
e G=AVB s 2o
(rewrite rule)
G=AV~-C
e o C’—)oJ_
C,=-BVvVD
i v .D'—>0T
e (s=-DVE
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€ca=x€a)=aC a G=|Vxx€a=x¢€a

/

H=|ex € a= ¢ € a = |e&x € 3
Clauses Trail
o« G, =—A e CGg=-DVF e Ao L
OC2:A\/B .BP—>0T
(rewrite rule)
e G3=AVv-C
° C’—)oJ_
e (4,=—-BVvD
e Di—>g T
e (s=-DVE
=== e ErsgT
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€ca=x€a)=aC a G=|Vxx€a=x¢€a

/

H=|ex € a= ¢ € a = |e&x € 3
Clauses Trai
. C——A e (¢=—-DVF o Ao L o Fiog T
¢« G=AVB el
(rewrite rule)
e (3=AVv-C o €1 L
e (4=—-BvVvD o Blimy T
e (s=-DVE o Evsp T
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCt<Vx.x €s= x€E t] C=lacC a3
D=|laCaeVxxeca=xca E=|
F=|(Vxx€a=>x€a)=>aCa|l G=|Vxx€a=xeca

H=|ex € a= ¢ € a I = |ex € a)
Clauses Trai
. C——A e CGg=-DVF e Ao L
« G—AVB o (;=-FV-GVC e Brg T
(rewrite rule)
e (3=AVv-C o €1 L
e (4=—-BvVvD o Blimy T
e (s=-DVE o EvsyT
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€ca=x€a)=aC a G=|Vxx€a=x¢€a

/

H=|ex € a= ¢ € a = |e&x € 3
Clauses Trai
. C——A e (¢=—-DVF o Ao L o Fiog T
« G—AVB e C;=-FV-GVC e B T e Grg L
(rewrite rule)
e (3=AVv-C o €1 L
e (4=—-BvVvD o Blimy T
e (s=-DVE o Evsp T
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€a=x€ca)=aC a G =|Vxx€a= x¢€ al
H=|ex € a= ¢ € a I = |ex € a]
Trail
Clauses !
o Ci=—A e CGg=-DVF e Ao L e Frg T
¢« G=AVB o (o =-Fv-GVvC OBP—I>0T e Grg L
C :G\/—\H (rewrite rule)
e G=AV-C * e
0C’—)0J_
G =-BvVvD
i v .D'—>0T
G=-DVE
¢ 5 OEI—>0T
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Rewriting - example

A=|(Vs,tsCteVxxes=xet)=aC al
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€ca=x€a)=aC a G=|Vxx€a=x¢€a

/

H=|ex € a= ¢ € a = |e&x € 3

Clauses Trai
.l e Co6=-DVF o Ao L o FiogT
G avE o GG=—FV-GVC | e BisgT o Giso L
o G A= o CGe=GV-H .‘CWHOL" o Hiso L
e (4,=-BVvD o Disg T
e G=-DVE  ET
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Rewriting - example

A=|(Vs,tsCteVxxeEs=x€et)=aCa
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€a=x€ca)=aC a G=|Vxx€a=xc a
H=|ex €a= ¢ € a I = |ex € a]
Trail
Clauses o
OCl—ﬁA OC6=—\D\/F OAF—>0J_ OF»—)OT
¢« G=AVB o (7 =-FVv-GVC OBP—I>0T e Grg L
Ca= GV —H (rewrite rule)
e (3=AV-C i S o Hio L
o 0
Co=HVI
« G=-BvD °° -
o 0
[ ] Cl():H\/_\I
=-DVE
° C5 v OEI—>0T
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Rewriting - example

=[(Vs,tsCteVxxes=xet)=

H=|ex € a= ¢ € a
Clauses

o G = A

e G=AVB

e GG=AvV—C

e (4,=-BVvD

e GG=-DVE

A
B=|Vs,tsCteVxxes=xect] C
D=|laCaeVxxeca=xca ==
F=|(Vxx€a=x€ca)=aC a G

/

e (¢ =—-DVF
[ C7:‘|F\/“G\/C

o (3=GV-H
e Co=HVI
0C10:H\/_\I

aca

= |aC a|
laCa=Vx.x€a= x¢€ a]
|Vx.x € a= x € a

= |ex € &
Trail
e Ao L o Fiog T
e B T e Grg L
(rewrite rule) N H|—)O n
.CHOJ- O/}—)()T
e Di—>g T
° EI—>0T
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Rewriting - example

A=|(Vs,tsCteVxxeEs=x€et)=aCa
B=|Vs,tsCteVxxes=xect] C=|acCa
D=|laCaeVxxeca=xca E=laCa=Vxx€a= x¢cal
F=|(Vxx€a=x€ca)=aC a G=|Vxx€a=xc a
H=|ex € a= ¢ € a I = |ex € a]
Trail
Clauses o
.Cl_ﬁA OC@Z_\D\/F .Al—}oJ_ .F}—)()T
G =-Fv-GVC
e o=AVB * * B0l * Gl
e Co=GV—H (rewrite rule)
e G=AV-C 8 c B e Hr—g L
o Co=HVI ¢ o e [+ T
e (,=—BvVvVD D T
e DuE o Cio=HV -l * P e Unsat!
S e OEI—>0T
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Finding instanciations modulo
Rewriting




Finding instanciations and rewrite rules

e Instanciations are found by unifiying the true predicates with the false
predicates whenever a model is found.

e If the problem contains equalities, need to unify modulo equalities

e In presence of rewrite rules, need to unify modulo equalities, and

modulo rewrite rules
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Rigid Superposition

Unit Superposition (close to unfailing Knuth-Bendix completion):
s=t upayv o =mgu(up,s),u, ¢V
o(ulp < t]av) a(s) £ o(t),o(u) £ a(v)

Use rigid variables: look for solutions where each variable is bound at

most once

Each (dis)equality carry a set of substitution

Applying some rules needs to merge substitutions, which can fail
because of rigid variables (for instance {X — a} and {X — b} can
not be merged because X is rigid)

Dual of AVATAR (where a superposition prover calls a SAT solver)
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Unit Rigid superposition

ocod £ {x s (xo)o'|x € domain(c)}

Yoo £{cod'|oc €L}

e 0 <o ifandonly if 30”. c 00" = o’.

e o 1 o’ is the supremum of {0, 0’} for the order <, if it exists, or L

Y12 {010 |oexr,o/ ey ,ota # 1}

0" =mgu(upp,s) up gV
set|X uRv | Y " a’(s) A o"(t) o’(u) £ a"(v)
o (up+t]Rv)|d” o" e (Xood") 1 (X oo")

R e {~,#}

SN/SP
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Unit superposition - example

a =<b
—r X
~ fst(b)
% p(pair(fst(b), X))

pair(fst(x), snd(x)))
fst(a)
)

p(a
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Unit superposition - example

1 rewrite rule pair(fst(x),snd(x))) — x

2 axiom fst(a) = fst(b)

3 axiom p(a) # p(pair(fst(b), X))

4 rewr(1) pair(fst(x),snd(x)) =~ x | {}

5 rename(2) fst(a) ~ fst(b) | {}

6 rename(3)  p(a) % p(pair(fst(b), v)) | {X — y}
7 RN(SS6)  p(a) # plpair(fst(a), v)) | {X — v}
8 SN(47) b(a) % pla) | {X — snd(a)}

9 ER(8) 0] {X — snd(a)}
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Experimental results

e Implemented in ArchSat (SMT solver + Tableau + Rewriting)
e Tested using the set axiomatisation of the B method
e Axiomatisation expressed using polymorphism

e 319 lemma taken from the B-Book

319 Problems ArchSAT Zenon Modulo | Alt-Ergo
Proofs 272 138 232
Rate 85.3% 43.3% 72.7%

16.61 (260 proof) +

2.86 8.42
252.08 (12 last proofs)

Total time (s)
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Conclusion

Rewriting provides better performances

Tableau theory is a viable alternative to CNF conversion

Modularity: both theories presented work well with traditional ground

solving in SMT solvers

Further works:

e Fine-tune Unit rigid superposition
e Better instantiation schema, inspired from other Tableau provers
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