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Motivation

(most) formal methods generate POs

e coherence of a layer
e consistency between layers
e “method” as very high-level strategy!

on industrial examples

e some 5-20% require user interaction to achieve proof (3-40%7)
e significant user expertise is required to discharge POs manually
e proof effort becomes a bottleneck in such developments

groups of proofs turn out to be of similar form
e empirical evidence suggests “families” of 20+ POs (Event-B)

during development: models evolve!

can we identify/learn/recycle proof “strategies”?
Zr:
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Model-based formal development methods

formal development methods are remarkably similar
e Mondex case study in Formal Aspect of Computing (20:1)
one example: a “data reification” step requires:

VDM: retrieve function
(classical) B: linking invariant
Event-B: gluing invariant
Morgan: coupling invariant

all give rise to (similar type of) POs

target:

e increased automation for such methods
¢ real industrial applications
e ... and use! — cf. J Moore yesterday (40 year view)
{HS
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Research goal

e when heuristics don't work! (which happens somewhere)
e suppose: user manually proves one exemplar proof

e then: proof of POs in the same “family” can be discharged
by “reusing”’ the strategy

e implies more robustness to model changes

e Research hypothesis: By learning from an exemplar proof
we can automatically discharge POs of “similar form”

e so, not just looking for smarter heuristics
e ... benefit from user in the loop

e | confess, implications of this still evolving in our minds

o
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Example of (VDM) data reification

Recording equivalence relations

e abstract specification
Part = (X-set)-set
inv (p) 2 Up =X Ais-prdisj(p) N{} & p

no problem with operations preserving invariant

e intermediate data reification step

Keyed = X 5 Key

o Fischer/Galler representation

Forest = X -5 X
inv (m)2VsCdomm-s#{} = —(mg(s<am)C s)

Al4FM Jones, Grov & Bundy [6]
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(Two) VDM reification rules

e homomorphic mapping from representation to abstraction
(cf. Milner's “rejected” JACM paper)

e relation (cf. Lucas’ “twin machine”) — [Nip86]
e these are: strategies for proving “observational equivalence” !

e VDM(1) requires that “adequacy” of representation
Vaec A-Ir € R- a = retr(r)

e different strategies to cope with existential quantifiers

e we have used several such reifications as small tests

e ... aware that industrial structures are much bigger
Z";:‘)
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Nature of such proofs

e rarely deep
e we are not trying to prove real math theorems!
o ... yet?

e complexity reduced by layering abstractions

o cf. next speaker! (and talk at VERIFY workshop)
e return to question of whether this should be key strategy!?

e lots of detail (on larger examples)

e data structures play a key role
e return to under “Toy Versions”

o
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GUI matters — cf. mural [JJLMI1]
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GUI matters

user controls what viewed
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GUI matters — cf. Rodin Platform www.event-b.org

user aware of background progress
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Role of strategy language

extract strategy

proof attempt

i interpret

manual proof strategy

strategy

proof

o
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What is a proof “strategy”?

not (I think) tactics/tacticals

don't show me the finished proof; but ...

e ... proof creation order

e forwards??
e backwards?
e splits!

e heuristics for splitting big proof task into smaller ones

sadly, no metric for “simpler”
analogy: chess heuristics
. in this situation, spawn lemmas/sub-goals like ...
come back to parallelism
cont ...

Al4FM Jones, Grov & Bundy [14]
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Big questions

e devise a language for strategies

e how to extract strategies

e recogise which strategy most applicable (in a particular
situation)

e | now suspect this is hardest/where Al will pay off

o
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A few heuristics for splitting

e disjunctions in hypotheses suggest case splits lower level

e conjunctions in goals often best tackled separately
e tackling equalities

e direction change?

e split to inequalities?
e all operators (functions) in the same algebra

e use rewrite rules
e expand out (e.g. ...)

e decide on where to fight battle:

e within datatype/dicourse vs.
e map down

e goal uses operators in different algebra (from hyps)
e use definitions

e recursive data structures/functions Z’I.-\’
e (move towards) induction AIE?

Al4FM Jones, Grov & Bundy [16]
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A sequence of lemmas

a strategy may describe a sequence of intermediate lemmas
that could be spawned:
prove lemmas Ly, Lo, -+, L, s.t. GOAL follows
e sub-goals may have other strategies
e similar to the “ACL2 approach”
e experiences from the Piton project [Mo096] confirms
e at a “reasonable” level, discharge using

e e.g. a (correct) decision procedure
e with a time-out feature

e requires a notion of a gap
e an unproved sub-goal/lemma

1] . "
e “hiproofs” — see paper n
AI4FM
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We (also) want “nice” proofs

... for re-use

so, might create multiple proofs
e choose “simplest”

abstract out lemmas

a failed proof can tell us more than one that forced through!

e suppose rewriting (has obvious N/U distribution) doesn’t see
AN(BUCUD)=ANBUANCUAND)

e ... so maps down to FoPC

e we don't want to copy this

e better to go back to the set expression

o
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Spotting the clues to select a strategy

classification of proof tasks

data structures

shape of PO (cf. earlier example of data reification)
information from PO Generator

e e.g. refinement proof, proof of invariant preservation, ...

combination of a high-level proof strategy

e ... with a “vocabulary” of terms
e instantiated using data structure information

maybe even problem domain

e e.g. “rail systems” make heavy use of relational compositions

machine learning?
Zr:
AI4FM
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Evidence for strategy language: cf. [BBHIO05]

Rippling

provides evidence for such high-level strategy language
Rippling is a proof plan
e Al technique for mechanising formal reasoning based upon
high level proof patterns

Rippling is a rewriting technique
e based on difference reduction
e achieved by annotations
great flexibility, e.g. productive use of failure

wide range of applications

e software/hardware verification, synthesis, correction of faulty
specifications, ...
e promotes reuse across domains

provides starting point for the strategy language Z%

Jones, Grov & Bundy [20]



Background
000000000

Al4FM

Background
000000000

Al4FM

Strategy language Conclusion
000000000 0000

Pointers

proof critics (as used in rippling)
extraction of “Toy problems” — J. Moore with ACL2

e simpler data structure
e but user expertise achieves “strategy carry over”
o fits our research hypothesis

generalisation

general forms of induction axiom (“complete”, ordering)

learn from an expert user!

e cut down search space
e “machine learn” selection of hypotheses/derived rules
e mirror explanation to another specialist

see paper for:
e hiproofs
e gazing %
e anti-unification AI4FM

Jones, Grov & Bundy [21]
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Known unknowns

can we derive anything from “failed” proofs
we need complete proof transcripts (not just final proofs)
e ‘“instrument” the Rodin Tools!

. and ... remember most POs start out being wrong!
failure (to prove) can mark non-theorem!

e in fact, many POs are initially not theorems!

e easy-to-use tools required to help detect silly mistakes
“similar proofs” will

e deviate more than patterns currently captured in proof

planning & rippling

e need higher level of abstraction

we expect to use additional kinds of abstraction

e data structure, form, POG, ...

e cf. (unfunded) Phase | — but see Teresa’s talk Z’I'_\,
impact of SAT /SMT tools on proof style AI:;A)

Jones, Grov & Bundy [22]
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Our plan

e analyse a lot of

e POs (instrumented Rodin-Tools?)
e ... their (expert-provided) proofs attempts
e and at identifying “families”

based on analysis, develop a strategy language
e provide tool support (Isabelle?)

e to extract a strategy out of an exemplar proof
e to interpret strategies to discharge “similar POs"

a lot of challenges

e classification of POs

e creating a strategy language

e deriving strategies from proofs

e interpreting strategies for the same “family” N,
£
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Parallelism

at least as good as (more scope than) Rodin tools
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Summary

useful automation can be achieved by learning from one proof

e to discharge “similar” POs
e strategies hopefully robust to (many) model changes

believe this is applicable to:

e most model-based top-down formal development methods
e ... possibly to bottom-up approaches as well

strong industrial & academic need for such tool
o e.g. Systerel, SAP, ACL2 (Piton), ...

not looking to find generic proof structures:
e the user must still provide the exemplar proof

e remember, this project just starting

e track via www.ai4fm.org
e see there for mailing list ’I.-\’
{HS
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