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trustful

m Kepler’s conjecture (Hales, august 2014), Isabelle and
HOL Light

m .seL.4 microkernel (Klein, open sourcing in 2014),
Isabelle

tries to find proof as fast as possible. Not
trustful.

m EQP (1998): proof of “Robbins conjecture”
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( Sledgehammer )

[Fact filtering, ATP Translation] [Fact filtering, SM'T Translation]

’ Leo-I1 ‘ ’ Satallax ‘ ’ veriT ‘ ’ 73 ‘ ’ CVv(C3 ‘

Figure: Sledgehammer organisation with reconstruction support with some of
the supported provers (grey: done during the internship, upper half-circle
means only fact-filtering, full half-circle means proof reconstruction)
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m no trust in the prover

m no need to have it installed on the machine
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Define < as: A :=¥neN, 0< Sn and
B:=V(m,n) € N, m <n— Sm < Sn. Show that 2 < 3.

Forward proof

[A;B;0<1;S0<S1;SS0< SSSO:
2 < 3 is true.

Satallax
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Define < as: A :=VneN, 0< Sn and
B:=V(m,n) € N, m <n— Sm < Sn. Show that 2 < 3.

Forward proof

from assumption to conclusion

Backward proof
3
4

- A B
0<5S0 is true thanks to A
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Define <as: A :=VneN, 0< Sn and
B:=V(m,n) € N, m <n— Sm < Sn. Show that 2 < 3.

Forward proof

from assumption to conclusion

Backward proof

From conclusion to assumption

Satallax
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Assuming -R,P VvV Q,=Q V R, have P A —=R.

Introduction Automatic solvers and Sledgehammer Satallax Conclusion
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R ~(PA-R)PVQ -QVR

\J
ﬁP

Figure: Forward proof representation example.
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3. L

hO; hl; h4: Q
6: L

h4, h1 hO
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a3: PVvQ 5 1
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Validation

m Tests using Mirabelle (tools that test every step);
m No documentation, so test necessary (many surprises!);

m No description of the rules

Satallax
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m 4 new provers (Leo-1I, Satallax, Zipperposition, veriT) added:

m Leo-II and Satallax should improve overall performance (with HO
goals)

m Zipperposition is another ATP

m veriT is the second SMT-solver (with arithmetics!)

m Allows developpers to optimize for goals produced by humans

Conclusion
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IN CONCLUSION,
AAARARAARAAAAA !

THE BEST THESIS DEFENSE 15 A GoOD THESIS OFFENSE.

Figure: XKCD 1403
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Elle Edt Search Markers Folding View Utities Magros Plugins Help
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imports Main
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~sllemma t: "5 = (3::nat)"
o[sledgehammerfizipperposition, debug]

IeabelliEdc - Dema thy (modied]

K00 3@ "EEEH 3L # @ €%

=

[E——

o

Sledgehammering. . .
“mesh": Including 100 relevant facts:
Including 100 relevant facts:
: Including 100 relevant facts:

“zipperposition” slice #1 with 100 facts for 29.99 s...
The prover derived "False” from "add.commute”, “add_left_cancel”,

Trying "metis" for 2.0 s.
Trying "(metis (full_types))" for 2.0 s...
Trying *(metis (no_types, hide_lams))" for 2.0 s...
Trying "(metis (mono_tags, hide_lams))" for 2.0 s...
Trying "smt2" for 2.0 s...

nibble_of_nat_sinps(14) semiring_norm(86) Suc3_eq_add_3 semiring_norm(84) nat_of_nibble.simps(14) se
semiring_norm(86) semiring_norm(84) semiring_norm(88) semiring_norm(89) semiring_norm(85) semiring_n
nibble_of_nat_simps(14) Suc3_eq_add_3 nat_of_nibble.simps(14) rev.simps(2) nibble_of_nat_simps(6) na

“add_right_cancel”, “"eq_numeral_simps(4)", “minus_add_cancel”, and "minu

repis

@ Avto vpdte Updte | search |+ ‘1o [3)

@zaw

Facts in "zipperposition" proof (of 100): add.commute@2s, add_left_cancel@43, minus_minus@62, minus_add_cancel@64, eq_numeral_simps(4)@7s,,

Generating proof text...
Constructing Isar proof
“zipperposition”: Try thi:

by (metis add.commute add_left_cancel add_right_cancel eq_nuneral_sinps(4) minus_add_cancel minus_minus) (> 2 |

o[~ | owput | query || Siedgehammer | symooks
| Stedochemmer )
513 (6601239)

(isabell.sidelcck, UTF--sabelle) - o UGHEESIERRMB 1726

Figure: Isabelle call to Zipperposition through Sledgehammer

Annex

Mathias Fleury
September, 4th

Translation of Proofs Provided by External Provers
3/4



Internship 2014
rennes ENS Rennes Technische Universitdt Miinchen

[sabelle

Markers Folding View Utiities Macros Plugins Help

IeabelliEdc - Dema thy (modied]

30
Ele Edt Search

(@3 K00 3@ THEE L # © €9
I
imports Main The prover derived "False” from [list of facts].
begin This could be due to inconsistent axioms
A (including "sorry”s) or to a bug in Sledgehammer
~sllemma t: "5 = (3::nat)" If the problem persists, please contact the Isabelle developers.
o[sledgehammerfizipperposition, debug] g
5
: H

repis

@ Auto updte Updte Jsemch |~ [100% [s)
Sledgehammering. . . |4
“mesh": Including 100 relevant facts: nibble_of_nat_simps(14) semir:
Including 100 relevant facts: semiring_norm(86) semiring_no
: Including 100 relevant facts: nibble_of_nat_simps(14) Suc3_
"zipperposition” slice #1 with 100 facts for 29.99 s...

The prover derived "False" from “add.commute®, “add_left_cancel”, “add_right_cancel®, "eq_numeral_simps(4)",

ha_norm(86) Suc3_eq_add_3 semiring_norm(84) nat_of_nibble.simps(14) se
(84) semiring_norm(88) semiring_norm(89) semiring_norm(85) semiring_n
Ladd_3 nat_of_nibble.simps(14) rev.simps(2) nibble_of_nat_simps(6) na

@naw

“minus_add_cancel”, and "minu

Trying "metis" for 2.0 s.
Trying "(metis (full_types))" for 2.0 s...
Trying "(metis (no_types, hide_lams))" for 2.0 s...
Trying "(metis (mono_tags, hide_lams))" for 2.0 s...

Trying "smt2" for 2.0 s...
Facts in "zipperposition" proof (of 100): add.commute@28, add_left_cancel@43, minus_minus@62, minus_add_cancel@6d, eq_numeral_simps(4)@78,

Generating proof text...
Constructing Isar proof
“zipperposition”: Try thi:

by (metis add.commute add_left_cancel add_right_cancel eq_numeral_simps(4) minus_add_cancel minus_minus) (> 2

BL Output || Query || Sledgshammer | Symbols

513 (6601239)

(isabell.sidelcck, UTF--sabelle) - o UGHEESIERRMB 1726

Figure: Isabelle call to Zipperposition through Sledgehammer
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O Demothy (- o

1T

lemma t: "1 = (3::nat)"
sorry

[lenma "Isabelle is consistent"
using t by Buto

1

) Auto update | Update | Search: ~ 100%

lemma ?Isabelle ?is ?consistent

912(1051257) Inputfoutput complete isabelle,sidekick,UTF- sabelle) - UGHEEEIB26MB 17:19

Figure: Isabelle is inconsistent
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Bugs?

q_res

| suc_ XOmat_ # suc_ (suc_ (suc_ X1:nat_)) |

Simplify_reflect- simplify_reflect-

suc_ (suc_ XO:nat_) # XO:nat_

| suc_XO:mat_# suc_ (suc_ (suc_ X1:nat_)) v XO:nat_ = suc_ (suc_ XLnat_) |

I

Figure: Zipperposition bug: VX0, X1, X0+ 1 # X1 + 3, from a consistent set
of axioms (Isabelle’s nat). It has been corrected.
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