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Example proof at Data61

lemma performPageTablelgMocationUnmap_ccorres:

"ccorres (K (K ) R \<currency> dc)_k
- (diminishes*

M{(liftE (performPageTableInvocation (PageTableUnmap cap ctSlot)))
(Call performPageTableInvocationUnmap_'proc)"

apply (simp only: liftE_1iftM ccorres_liftM_simp)

apply (rule ccorres_gen_asm)

apply (cinit lift: cap

.com/selL4/selL 4

apply csymbr

apply (simp del: Co better automation?

pPTMappedAddress cap
= (\<lambda>cp. if to_bool (capPTIsMapped_CL cp)
then Some (capPTMappedASID_CL cp, capPTMappedAddre:
else None) (cap_page_table_cap_lift capa)")
le ccorres_Cond_rhs)
mp add: to_bool_def)
(rule ccorres rhs assoc)+




PSL and try-hard for Isabelle/HOL

The percentage of automatically proved obligations out of 1526
proof obligations (timeout = 300s)
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Isabelle/HOlg#before F
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Isabelle/H

It's blatantly clear
You stupid machine, that what
I tell you 1is true

(Michael Norrish)
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{“ sledgehammer |

| programmlng 'J
1 extensible
. (Eisbach) |

| runtime tactic
. generation |

 efficient proof |
”? generation

extensive [ aralle] |
roo search pa atel
W w——t search i

fnahvelsabe"e;
low memory - A\
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Isabelle/HOL with PSL
‘proof goal‘

‘proof goal‘ ‘context‘

\context| |strategy

‘tactic / sub-tool‘

proved theorem /
‘efficient tactic‘ subgoals / message
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Isabelle/HOL with PSL
‘proof goal‘

‘proof goal‘ ‘context‘

context| |strategy| 'tactic / sub-tool|

e e
Cr
— T

¥
E Much less interaction with
Isabelle. —
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Tactics 1

-l

N\
<

J/

| A
¢ anoey |

N\,

Case 1

(e goa.]@ [

~
principle of explosion

o)) 7

. J

Case 3
[subgoal1]

imp >( subgoal 2 ]

imp )00 O
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Tactics 2

goal || preproces goal | |imp goal : thl Il

o
Q
=
Case 1 Case 2
new goal | |imp goal goal
Case 3
subgoal 1 |imp )| subgoal 2 ||/imp imp goal
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Tactics 2

goal || preproces goal | |imp goal

Case 4 (failure = empty list)

oljoe)
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Tactics 4

goal :: thm | | tactic [ goal 1:: thm goal 2 :: thm ]
, , HE E =

| Lazy
fun tactic :: thm ->[ thm |
fail succeed simp OR auto
auto simp induct

REPEAT simp
induct THEN auto
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Tactics 3 (WAx=yAz=>z)

. (w/\x=>yAz=>z\\

our original goal — our current proof

- obligation
erule vonjE )
back
(VYAZz (WAX=>y=>2z2=>2)
=>
(wA |7 (WAx=>yAz=>2)
( )ly (assumptibdn ) )

(wa=>y/\z=>z)]
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Tactics 3 (WAx=yAz=>z)

—> (W AX => y Nz=>2z " our current=ssqof

our original goal —
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Tactics 3 |

our original goal —

(WAX=>YyAz=>2)
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Giant tactic

giant tactic?
simp OR fast ><OR™ | force OR auto
problem 1: Default problem 2: Giant
tactics are too weak! tactics are too slow!

problem 3: Sledgehamwmer and quick-check are not tactics!
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 problem 1: Pefault tacties are too weak!

Thens [Dynamic(lnduct), Auto, :IbsSoIved]

@ runtime interpretation

(InductA ++ InductB ++ ...) THEN auto THEN is_solved

l . sequential
..| combination
' (THEN)

VA R R A e Non-determinism Seneration




truncating backiracked

~ problem 2: Giant :

tactics are too slow!

Dynamic ( Induct)

UUOOO@DDO

Auto
IsSolved >

\_ 4

sumEmy eunEmy

. . .
g . o
o b ) .
N = g .
" L .
. =g "
. .y "
. R -
* R .

LT TR Ag amms
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 problem 2: Gant

| i1 truncating backtracked
| Tactics are oo slow! "

) ,STQPS is hard! o 5},

L

| ‘ rlter monad + non- determmlstlc monad “
Dynamlc ( Induc
Auto | | —
{é efﬂment proof |
OODODD scrpls
as “state” |
IsSolved e ——
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\; Thev work on Proof.sfa’re not on thm.

type ‘a tactic = 'a -> ‘a nondet_state_monad

s e ]
ty¥2 tactic = P.state -> P.state nondet_state_monad

persis’ran’r hammering

Thens [Dynamic (Induct), Thens[Hammer+ , IsSolved]]
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 problem 3: Sledgehammer and quick-check are not tactics!

" They work on Proof.state not on thim.

e —=— =

parallel [0 cictant hammering |

PThenOne [Dynamic (Induct), Thens[Hammer+ , IsSolved]]
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unuted

Tasks: 712 total,
%Cpu(s): 94.8 us,
KiB Mem :

prbblem 3: Sledgehammer an

119078

~ They work oy::s0:s

119030
119042
119052
119085
wl119102

1119106

119110

119118
¢119126
d119138

119154
119174
N,

118954
118994
119006
119066

' ty® tactic = P.state -> P.ui
119150

119182
119202

- 119222
e ===119226

8 119234
hamwmering:::
119130

: ' - ==119160
L. Y 119170

» 119254

PThenOne |-h 1 [Dynam|C118946
A 118974

s 118986

119060
119194
118966

= =

persis’rém’r

parallel
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try_hard: the default strateav

strategy Try_Hard =
Ors [Thens [Subgoal, Basic],

strategy Basic = Thens [DInductTac, Auto_Solve],
Ors | Thens [DCaseTac, Auto_Solve],
Auto_Solve, Thens [Subgoal, Advanced],
Blast_Solve, Thens [DCaseTac, Solve_Manyy],
FF_Solve, Thens [DInductTac, Solve_Many] ]
Thens [IntroClasses, AUTO_SOIVE],

Thens
Thens
Thens
Thens
Thens
Thens
Thens
Thens

Transfer, Auto_Solve],
'Normalization, IsSolved],

DInduct, Auto_Solve],

‘Hammer, IsSolved],

DCases, Auto_Solve],
'DCoinduction, Auto_Solve],

‘Auto, RepeatN(Hammer), IsSolved],

DAuto, IsSolved]]

23 PSL and PaMpeR. | Yutaka Nagashima



PSL and try-hard for Isabelle/HOL

The percentage of automatically proved obligations out of 1526
proof obligations (timeout = 300s)

100%

73%

75%

16% 579
50% I 6%  57%

50%

25%

0%

try_hard sledgehammer
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Demo




PSL and try-hard for Isabelle/HOL

The percentage of automatically proved obligations out of 1526
proof obligations (timeout = 300s)

1 OOO/O i : d

Part 2

T 6% 579

75%

50%

25%

0% .
try_hard sledgehammer
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What’s wrong with try_hard?

Huge search space with little intelligence

strategy Basif

Ors [ -
Auto Sol SPecial purpose tools togy Try_Hard -
Blast_Soww; "Ors [Thens [Subgoal, Basic],
FF_Solve, Thens [DInductTac, Auto_Solve],
Thens [IntroClasses, Auto_Solve], Thens [DCaseTac, Auto_Solve],
Thens [Transfer, Auto_Solve], Thens [Subgoal, Advanced],
Thens [Normalization, IsSolved], Thens fDCaseTaC, Solve_Many],
Thens [DInduct, Auto_Solve], Thens [DInductTac, Solve_Many] ]

Thens [Hammer, IsSolved],

Thens [DCases, Auto_Solve],

Thens [DCoinduction, Auto_Solve],

Thens [Auto, RepeatN(Hammer), IsSolved],
Thens [DAuto, IsSolved]]

—
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What’s wrong with try_hard?

Huge search space with little intelligence

strategy Basi .
Can we guess which tool to use

Ors [ :

special | . .
Auto_Sof SP based on the meta-information and
Blast_So0Ovve; : : : :
FF Solve, information in the standard library?
Thens [IntroClasses, Autox
Thens [Transfer, Auto_&—— : e )
Thens-=«malization, (], Thens [DCaseTac, Solve_Many],
The Ay~ TSGolve], Thens [DinductTac, Solve_Many] |
Tk ‘ ‘ lseeived],

Auto _Solve],

%}mn Auto_Solve],
eatN(Hammer), IsSolved],
%Solved]]
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PaMpeR: Eroof MethOd proof goal and context as a

vector of boolean values

Recommendation System

oreparation phase | carefully hand-crafted |

database:
huge and [ (meth * [ bool ]) ]
complex large full-feature
proof extractor
corpora (68 features) multi-label
(AFP) regression tree algorithm
user phase
proof goal * fast [bool]
proof context feature B

extractor | | lookup regression tree:
[ [bool] =>[ (meth * float) ] ]

method recommendation:
[ ( meth * float ) ]
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lemma : P x A O y" usefined
P “assertions about proof goal and its contexicc’%%}t ?
Example2—constants relatd to c'orecursmn? !

defined
by a user

theorem Plus ZeroL[simp]: "Plus r
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lemma "P x N Q y" usefined
% assertlons about proof goal and |ts contexicay%}t y
Example2 constants relatd to /corecursmn’? _' - -
|f the,context ‘has theorems} called Pluscode_ Plus ctr' Plus sel :
primcorec Plus :: "'a language = 'a language = 'a

"o (Plus rs) = (orVvos)"
| "0 (Plus r s) = (Aa. Plus (0 r a) (ds a))"

theorem Plus ZeroL[simp]l: " Plus“Zero F=Tr"
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Is a buzzword missing? o\
ALY
hand-crafted See® \°
feature?
Why not deep
learnina?
o0 not enough data
N self-play like
AlphaGo Zero?
N proof
search is not a 2-player
game
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Is a buzzword missing? A\
A®) C a‘“\“g
hand-crafted pec Ll
feature? ; (for now)
Why not deep
learnina?
o0 not enough data
N self-play like
AlphaGo Zero?
N proof
search is not a 2-player
game
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Is a buzzword missing?

hand-crafted pec Ll
feature? ; (for now)
Why not deep
learnina?
A
o0 not enough data )
N self-play like
AlphaGo Zero?
e proof
search is not a“player
gar ¢

-

Regression tree works and is explainable!
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Future work: try-hard to try-smar

] o

- PSL& try_hard:
. wore computation

e l’aMpeK get smart
P || using heuristics
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Thanks!w

. meta-tool | | |
:‘approach g

' programming |
1 extensible
. (Eisbach) |

! runtime tactic |
. generation |

! efficient proof |
"? generation

extenswe | oar " I ]
roo search pa aliel
B search 3

fnahvelsabe"e;
low memory - A\
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