Can Formal Verification Match Al Code Generation Speed?

Mingyu Li

Zhanbo Wang

Key Laboratory of System Software (Chinese Academy of Sciences)
Institute of Software, Chinese Academy of Sciences
University of Chinese Academy of Sciences

1 The Verification Gap

In 2009, verifying the seL4 microkernel cost 11 person-years of
proof for roughly 8,700 lines of C [11]. In 2026, LLMs can draft
filesystems [12], kernel extensions [22], and everyday kernel code [7]
in minutes. Generation got orders of magnitude cheaper; verifica-
tion barely moved. Classical verified kernels, such as seL4 [11], Cer-
tiKOS [9], assume a static, human-curated codebase: verify once,
then freeze. Even push-button pipelines re-verify the whole ker-
nel per version [16], and specification-guided generation still leans
on empirical assurance for the final mile [12]. Testing, simulation,
and LLM-as-judge narrow the resulting verification gap but cannot
close it: a passing suite is still not a proof. Can we redesign the OS
so that verification becomes incremental and autonomous rather
than external and human-paced?

2 VERIOS: Verification by Construction

Yes. Decidability is a design choice. Every automatic verifier that
survived production bought it by selling expressiveness: eBPF ad-
mits only kernel extensions it can bound [19]. So instead of scaling
verification up to arbitrary LLM output, VERIOS scales generation
down to a verifiable core through three interlocking restrictions.
(1) All shared state is relational. All shared state (e.g., resources,
tasks, capabilities, and sensor readings) lives in transactional rela-
tions, following the DBMS-oriented OS line [1, 18]. Safety invari-
ants become constraints checked at commit time over a finite in-
stance (cheap model checking, never state invention); every reader
sees an MVCC snapshot [3]; ACID atomicity [8] guarantees a faulty
Al component aborts without leaving the system half-updated.
(2) All logic is pure and effect-tracked. Each Al-generated com-

ponent is a terminating function A : Statex Event E) State’ x Intent
with an explicit effect signature ¥ = (R, W), in the spirit of purely
functional systems [10] and eBPF’s bounded execution [19]: no un-
bounded recursion, no ambient syscalls. Parallel branches compose
only over disjoint write sets, governed by machine-checked alge-
braic laws [21]; irreversible effects accumulate as typed intents and
are released only after the enclosing DAG verifies, a cyber-physical
two-phase commit.

(3) Verification splits into local summaries and global fixed-
point checks. Rice’s theorem rules out general verification [17],
so VERIOS factors it. A local phase applies model checking [4]
to each bounded function and memoizes a compact summary (ef-
fects, types, bounds); a global phase evaluates human-written Dat-
alog invariants by bottom-up fixed point—polynomial in data—re-
verifying only the affected sub-DAG incrementally [14, 15, 20]. For
example, “never torque a joint while e-stop is active” is one rule:
violation :- intent(torque,_), estop(active), and intents
release only if violation is empty. Invariants stay a human-curated
root of trust; LLM proposals are advisory until ratified.
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Figure 1: VERIOS in an embodied AI setting. The microkernel and
low-level controllers are verified offline; only Al-synthesized task
DAGs undergo online two-phase verification.

3 Case Study: ROS-Next for Embodied AI

Embodied Al is the most unforgiving case: a verification failure
can cause physical damage. ROS-Next replaces the ROS 2 control
plane [13] with VERIOS (see Figure 1). ROS 2’s decentralized publish-
subscribe model allows different nodes to observe inconsistent snap-
shots of pose, velocity, or joint state [2], and Al-generated behavior
trees [6] are today validated largely by simulation, which is inher-
ently incomplete. Under VERIOS, the entire control state lives in re-
lational tables; every component reads a transactionally consistent
snapshot, and failed transactions roll back. High-level tasks are
compiled into A-DAGs that undergo the full two-phase verification
before any intent is released; when a behavior tree is updated by
an LLM, only the affected sub-DAG is re-verified. To satisfy strict
real-time requirements we deliberately separate concerns by fre-
quency: high-frequency control loops (=100 Hz) use static, offline-
verified topologies and never enter the runtime verification path,
while low-frequency planning and agentic layers (3-10Hz) per-
form full online two-phase verification before committing intents.
The stable foundation remains a conventionally verified microker-
nel (seL4 [11] or HongMeng [5]); VERIOS concentrates its incre-
mental verification on the rapidly changing, Al-generated layer.

4 Sandbox Semantics, Not Just Resources

Classical OSes sandboxed resources; an OS that hosts Al-generated
code must also sandbox semantics: what a component may mean,
not just what it may touch. VERIOS makes incremental verification
a native OS primitive: invariants stay human, fast paths stay of-
fline, and the language of Al components stays deliberately small,
so local checks stay decidable and global checks stay polynomial.
Generation is cheap; trust is expensive. Let the models dream, and
make the automatic verifier the adult in the room.
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