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Motivation & Background

o Formal verification with Interactive Theorem Proving (ITP) provides high assurance of software
quality, but it is time-consuming which is a barrier to industrial adoption.

e We aim to address the automation challenges that hinder verification workflows by developing P oA
tools that streamline interactions among the human expert, the proof assistant, and automation guard, o A
tools. "
O —R;, O
o Case study: A formal model of CXL.cache in Isabelle/HOL (74 theory files, =310 k LoC), proving —
Single-Writer-Multiple-Reader (SWMR)) cache coherence via an inductive invariant P. b: o
J 7,7
e P is an conjunction comprised of n = 796 conjuncts that must be preserved by m = 68 rules, )
yielding a proof obligation matrix with over 54,000 proof obligations. a ) mxn

super sketch super fix try_sketch example

Generates Isar proof skeletons without genera- Automated proof debugging and repair, emulat-
tive Al, inspired by Haftmann’s sketch tool. ing a proof engineer’s debugging workflow.

(x example proof produced by try_sketch *)

lemma "(Z i<(n::nat). 2*i-1) = n?"

e Retrieves all pI’OOf goals after user- o ]st pass: Parses the thy file and pro- try_sketch SORRYS [simp] (induct n)
suggested methods cess the commands sequentially. Detects | | proof(induct n) ;

e Concurrently invokes Sledgehammer and and fixes timeouts, misaligned goals, goal0:" () i::nat<0. 2xi-1)=0°"

user-supplied heuristics failed methods with sorry as a place- . tby S1mp
nex

o Applies goal splitting and reduction for holder and prioritising upstream errors goall:" (3 i<Suc n. 2%i-1)=(Suc n)2"

harder subgoals before retrying 2nd pass: Invokes Sledgehammer on each if "(3i<n. 2*i- 1) = n2"
sorry to find alternative proofs for m :: "nat"

Results on the 68 X796 matrix: using that
Repair results (after super_sketch): SOrTy

How it works: How it works:

e One full rule lemma (>700 conjuncts) re-
generated in <30 min e Pass 1: 18 files with errors — 9 files (1

e Full matrix: =1 machine-day of compute error each)
e <100 failures out of >50,000 goals » Pass 2: — proof complete (0 errors)

11lm try proof Ongoing Extensions

M Cat.thy (~/Programs/isabelle/teach/deepisahol_tutorial/afp_entries/Category_Ex/) met a_— Sket Ch: recurs:lve D SL_drlven generalisatlon Of Super_ Sket Ch.

55
> se|Lemma (in category) homE: . . . L ]

s71 assumes "A € Ob" and "B € 0b" and "f € Hom A B" o Users specify a hierarchy of goal splitters and a prioritised solver portfolio
- 58/ shows "Dom f = A" and "Cod f = B"

59
Bﬂpr})})';‘—”y—pm"f 590 o Isabelle/ML Future orchestration replaces ad-hoc Python scripting
L i

62f show "Dom f = A" using assms by (simp add: hom def)
63 show "Cod f = B" using assms by (simp add: hom def)
- 64/qed

65
7 esLemma (in category) id_arrow [introl: e« Python client—server bridge to Hugging Face models, Ollama, ChatGPT, and Gemini
assumes "A < !

toomTan o e e 11m recommend: suggests the next proof step

Proof state /] Auto hovering [/ Auto updats | Update | Search: e 1lm_try_proof: DFS-based incremental proof completion with configurable depth/breadth
* 100% ~

e Three-stage leaf engine: racing, rescuing, last-resort splitting

LLM integration in Isabelle:

using assms . .
unfolding hom def Fixer functions:
by auto

Droof- e Treats tool actions as functions f: S — X* over I'TP states

from assms
have "Dom f A" and "Cod f = B"

00ps e Provides a modular basis for combining LLM actions with classical automation

o try_sketch reimplements super_sketch inside this framework

proof-
have "Dom f
using assms

super fix example

00pSs
proof- T 1 theory Super Fix Demo 'T 1|theory Super Fix Demo Fixed
have "Dom f " 2 imports Complex Main 2| dimports Complex Main
00pS 3 3
© 4 begin B © 4|begin
5 1 5
6 6
© 7 Llemma real sqrt le iff': "x > 0 = y > 0 B o 7/lemma real sqrt le iff': "x > 0 = y > 0
Futurework 8§ = saqrt x <y «— x <y~ 2" m | g — sqrt x <y e x<y~"2"
9 apply blast g - 9O by (smt (verit, ccfv SIG) real le lsqrt sqrt Le
Evaluation. Stress-tested on 54,128 obligations L 10 done m | 10
(68x796): avg. ~0.90s/goal. Excessive parallelism 11 | g |1 |
: : © 12 Llemma sqrt le itself: "1 < x — sqgrt x < x" & 12|Llemma sqrt le itself: "1 < x — sqgrt x < x"
causes timeout cascades (16%—-40% failure rate). N = [ 5 sorry
Next: adaptive timeouts & concurrency control. 14 g 1
. . . . . ~ :II 1 ~ :II < 1
ITP Automation Survey identifying which proof © 15 Llemma sqr‘_c_real_nat_le sqrt (real n) < real n" m © 15|lemma sqrt_rea}_nat_le sqrt (real n) < real n |
. . 16 apply simpl _ 16| by (smt (verit, ccfv SIG) less SucO nat 1 nat :
engineering tasks experts most want to automate 17  done 17
informing case studies and tooling directions. 18 B 18
© 19 lemma semiring factor left: m © 19|lemma semiring factor left:
20 fixes b:: "'a::semiring" 20 fixes b:: "'a::semiring"
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