Pre prints.org

Article Not peer-reviewed version

Multitime Barriers for P vs NP: Why
Some Reasons May Not Travel in
Polynomial Time

Rogério Figurelli
Posted Date: 27 January 2026
doi: 10.20944/preprints202601.2011.v1

Keywords: P vs NP; SAT; reductions; proof logging; DRAT/LRAT/FRAT; temporal state machines (TSM);
multitime; receipts; abstain-gated kernels; governance; no-reopen; auditability

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4474689
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 January 2026 d0i:10.20944/preprints202601.2011.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Multitime Barriers for P vs NP: Why Some Reasons
May Not Travel in Polynomial Time

Rogério Figurelli

Independent Researcher, Brazil; figurelli@gmail.com

Abstract

P vs NP is often approached as a question about algorithms and bounds: either exhibit a polynomial-
time decider for an NP-complete problem or prove that no such decider exists. This paper proposes
a different lens: treat P = NP as a transport property — do “reasons” (the operational structure that
makes a solver succeed) travel across polynomial reductions in a way that remains auditable and
stable? We frame this through the Temporal State Machine (TSM) kernel of Compositional Clock
Theory: decisions occur under multiple clocks (execution, verification, audit), and progress must be
governed by admissibility, receipts, and commit depth. We introduce abstain-gated decision kernels
under a no-reopen discipline, where the system may refuse to commit unless the evidence is
replayable and the recovery budget is feasible. Within this governance-first framing, “transport”
becomes a commutation requirement between reductions and receipts: success is not only solving
instances, but carrying a verifiable explanation of why the instance is solved that survives encoding
changes and can be checked under declared costs. We instantiate the transport test on canonical NP-
complete domains (3-SAT and Sudoku, as representatives), not to claim a proof of P = NP, but to
define a falsifiable program: either discover a stable, general, receipt-carrying polynomial strategy
(supporting P = NP), or demonstrate systematic transport failure that resists any admissible repair
(supporting P # NP). The payoff is a structured research agenda that aligns complexity theory with
governance and audit, clarifying what would count as credible progress under Clay-level scrutiny.

Keywords: P vs NP; SAT; reductions; proof logging; DRAT/LRAT/FRAT; temporal state machines
(TSM); multitime; receipts; abstain-gated kernels; governance; no-reopen; auditability

I. Introduction

The Clay Mathematics Institute frames P vs NP as the problem of whether every problem whose
solutions can be verified in polynomial time can also be solved in polynomial time [2].

The canonical route through this landscape uses NP-completeness: show that a single NP-
complete language (such as SAT) is in P to obtain P = NP, or prove no polynomial-time algorithm
exists for any NP-complete language to obtain P # NP [3-6]. The difficulty is not only algorithmic
invention, but credibility: to be accepted at Clay level, a result must be unambiguous, formally correct,
and robust to adversarial scrutiny [2,7,8].

This paper proposes a continuation-layer framing consistent with the Temporal State Machine
(TSM) kernel of Compositional Clock Theory [1]. In TSM, “time” is not merely wall-clock; it is a vector
of operational clocks tied to transition families: execution, verification, audit, rollback, and legitimacy.

A system is unsafe not only when it is wrong, but when it cannot be signed under scrutiny and
cannot be unwound within a declared recovery budget [1]. If we take that seriously, then “progress
toward P = NP” is not just finding solvers that work on benchmarks. It is producing artifacts that
remain valid under verification and audit clocks, with receipts that are replayable and admissible.

Within that governance-first stance, we introduce P = NP as a transport test: do the operational
“reasons” for success (the structural basis a method uses to decide) travel across polynomial
reductions in a way that preserves checkability and stability? NP-completeness reductions guarantee
existence of mappings between instances, but do not guarantee that a solver’s internal explanation
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structure is preserved. If “reasons” do not transport, then an apparent breakthrough may be an
encoding artifact, a fragile heuristic, or a non-general exploitation of structure.

We do not claim a solution to P vs NP. Instead, we formalize a falsifiable program: define
transport operators, enforce receipts and admissibility under no-reopen, and evaluate whether any
candidate strategy can satisfy both (i) empirical effectiveness and (ii) Clay-grade obligations:
completeness, polynomial worst-case bounds, and verifiable proof artifacts.

What this enables: a disciplined bridge from “solver success” to “auditable progress,” separating
empirical performance from proof-grade commitments.

II. Background: NP-Completeness, Reductions, and Why Transport Matters

NP is the class of languages whose membership proofs can be verified in polynomial time; P is
the class decidable in polynomial time [7,8]. SAT is NP-complete by Cook-Levin, and reductions
propagate NP-completeness broadly [3-6]. The standard meta-logic is: if SAT € P then every NP
problem € P; if an NP-complete problem is not in P then P # NP [5-8].

However, reductions preserve decision equivalence, not the solver’s explanatory anatomy. A
reduction r: A — B ensures x € A & r(x) € B, with r computable in polynomial time [5-7]. It does not
ensure that an algorithmic strategy that “works well” on B provides stable, interpretable, verifiable
reasons that can be mapped back to A without exploding the verification budget. In practice,
encodings can alter locality, constraint graph structure, propagation strength, and proof trace
morphology. That is a governance problem: if your claimed progress depends on fragile encoding
quirks, you cannot sign it under scrutiny.

This motivates the transport test: define what a “reason” is (operationally), define what it means
to transport it across r, and then empirically and formally probe whether transport can be made stable
under admissibility constraints.

What this enables: a crisp target for “generalization” that is stronger than cross-benchmark
success and closer to proof-grade robustness.

III. TSM Compatibility: Enriched State, No-Reopen, and Abstain-Gated Kernels

We adopt the TSM kernel as the governing semantics for discovery and claims [1]. A TSM
models system evolution by transitions over enriched state, not by assuming a single privileged
timeline. For a candidate proof program, we track at minimum:

x=(w,b,a,cr)

w: operational world-state (instances, encodings, solver configuration, reduction maps)
b: belief/model state (hypotheses, inferred structure, learned heuristics)

a: admissibility state (what moves are allowed; what evidence counts)

c: commit depth (how irreversible the claim is becoming; how costly it is to retract)

r: receipts (the replayable log that makes the claim checkable and auditable)

No-reopen discipline: once a claim is closed under a declared tribunal (admissibility rules), it
may not be reopened except under an explicitly declared revision protocol. This prevents “LLM
circularity” and protects against p-hacking dynamics where the search mutates the rules until
something looks like a result [1,30,31]. In complexity terms: no-reopen forces monotone accumulation
of obligations satisfaction.

Abstain-gated decision kernels: the system may output abstain (reject option) instead of
committing to SAT/UNSAT unless the receipts meet declared standards (replayable, checkable,
within verifier budgets). Abstention is not a failure; it is a controlled output that respects the audit
clock [27-29]. This matters because many heuristic SAT methods are incomplete; they may succeed
often but do not provide completeness guarantees or UNSAT certificates [9,10,19]. Under abstain-
gating, such methods can still contribute, but they cannot force a commit unless a verifiable closure
artifact exists.
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What this enables: a control-plane semantics where discovery can run fast, but commitment is
permitted only under auditable closure.

IV. Formalizing “Reasons” and Transport Operators

We define a “reason” as a structured witness of decisional progress that (i) can be logged, (ii)
can be checked, and (iii) constrains future search in a way that is stable under declared invariants.
Examples of reasons (operational classes):

e Proof traces for UNSAT: clausal proofs checkable by independent verifiers (e.g.,
DRAT/LRAT/FRAT-style logs) [23-26].

e  Verifiable witnesses for SAT: an assignment plus a checker; optionally augmented with a
derivation trace that supports why the assignment was found under the kernel’s policy [7,8].

° Structure certificates: a bounded-width decomposition, a backdoor set, or other tractability
witness that makes an instance decidable by a known polynomial-time method conditioned on
the certificate [13-16,21].

e  Reduction receipts: mappings r and (when needed) their inverses or interpretation maps that
allow the decision and its reason to be transported back.

Transport test requirement (commutation):
Let 1: A — B be a polynomial-time reduction. Let Reason_B be the reason object produced on
r(x). A transport operator T_r must map Reason_B into Reason_A such that:

Verify_A(x, Reason_A) = Accept
and
Decision_A(x) = Decision_B(r(x))

with verification and translation costs remaining within declared budgets (in particular, polynomial
in x| under the intended claim).

This is stronger than correctness. It demands that the explanation structure survive crossing
domains.

Representative domains: we use 3-SAT as the canonical NP-complete SAT form [5-7], and
Sudoku as a widely studied NP-complete puzzle family (in generalized form) with standard SAT
encodings [34,35]. The point is not the domains themselves, but whether transport survives across
meaningfully different constraint geometries.

What this enables: an explicit, checkable bridge between “I solved it there” and “I can justify it
here.”

V. Proof Logging, Receipts, and Admissibility Tribunals

A Clay-grade claim must be checkable by others. For SAT/UNSAT, this naturally leads to proof
logging and independent checking pipelines [23-26]. We define a tribunal (admissibility policy) that
specifies:

e  Which reason types count as closure artifacts (SAT witnesses, UNSAT proofs, structure
certificates).

e  Which proof formats and checkers are admissible (e.g., DRAT-family logs or successor formats),
and what constitutes a valid receipt.

e  Maximum verifier complexity and resource assumptions.

e  Rules for abstention and for safe escalation (when incomplete solvers may be used as proposal
engines but not as commit engines).

e  Ano-reopen protocol for revisions: what is allowed to change (hypotheses, heuristics, encodings)
without invalidating previously closed obligations.
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Receipts are the minimal replayable record: inputs, reduction maps, solver configuration,
intermediate artifacts, proof logs, and check results. The governance stance is: if it cannot be replayed,
it cannot be claimed.

What this enables: a shared language for “closure,” making progress contestable rather than
narrative.

VL. Strategy Space: Why Rankings Help, and Why They Do Not Solve Clay

Empirical ranking — like the DPLL/WalkSAT/GSAT style populations commonly explored in
solver engineering — can be useful as a discovery engine [9,10,19,20]. Such rankings estimate fitness
under windows: solve rate, time, steps, and stability under perturbations. They can also identify
candidates that generate short UNSAT proofs or reliably find witnesses, which matters for receipts.

But rankings do not meet Clay requirements by themselves. The Clay gap is categorical:

1. Completeness: heuristic local search methods (e.g., WalkSAT/GSAT) are not complete deciders
[19].

2. Worst-case polynomial bound: even complete methods like DPLL variants do not come with
known polynomial worst-case bounds on SAT [7,9,10].

3. General transport: success on one encoding does not imply stable success across reductions;
transport must be demonstrated under admissibility constraints (Sections IV-V).

4. Formal proof artifacts: for P = NP, one needs a polynomial-time algorithm with a proof of its
bound; for P # NP, one needs a lower-bound proof against all polynomial-time algorithms —
famously difficult [2,7,8].

Therefore, rankings help as: (i) a generator of hypotheses about tractable structure (backdoors,
width, parity structure), (ii) a source of receipts (proof logs), and (iii) a way to tune abstain-gates.
They do not substitute for the required theorems.

What this enables: a clean separation between “search for ideas” and “commit to claims.”

VII. Transport Stress Tests and Entropy-Style Stability Measures

To avoid circular progress, we define stress tests that intentionally disrupt encoding and
structure while preserving decision equivalence:

e Encoding families: multiple reductions from Sudoku-like CSPs to SAT; multiple 3-SAT
normalizations.

e  Perturbations: variable renamings, clause shuffles, gadget alternatives, and structure-preserving
transformations.

e  (Cross-domain replay: run candidate strategy on B = r(x), then transport the reason back and
verify on A.

We measure:

e  Transport success rate: fraction of instances where reasons transport and verify.

e Receipt size growth: how the proof/trace scales across transport.

e  Verifier time: independent checking cost.

e  Stability index s: sensitivity of outcomes to admissible perturbations.

e  “Entropy-style” dispersion: whether the reason distribution fragments across encodings (a
proxy for brittleness). Entropy language here is operational: dispersion of receipts across
perturbations, not a claim of a new information-theoretic bound.

This connects to known concerns about selection bias and overfitting in empirical evaluation: a
method that “wins” by silently adapting to a benchmark distribution is not credible as a universal
claim [30,31].

What this enables: evidence that a method’s success is structural, not an encoding coincidence.
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VIIL Interpreting Outcomes: What Would Count as “Trend” Evidence for P = NP
orP#NP

Under this program, outcomes are interpreted as trends in admissible evidence:
Evidence trend toward P = NP (not a proof):

e Discovery of a candidate decider whose reasons transport across reductions with stable receipts,
and whose runtime and verifier costs appear bounded by an analyzable polynomial; plus a path
to a formal proof of the bound.

Evidence trend toward P # NP (not a proof):

e  Systematic transport failure: no matter how the tribunal is strengthened (without cheating),
reasons fragment across reductions or require superpolynomial blowup in receipts/verifier time,
suggesting that “general polynomial solving” resists admissible stabilization.

But neither trend is a Clay proof. For P = NP, one still must provide a polynomial-time algorithm
and prove its bound. For P # NP, one must prove a lower bound that rules out all polynomial-time
deciders — an area with deep barriers [2,7,8]. The value of the transport test is that it turns vague
intuitions (“it doesn’t generalize”) into logged, replayable failure modes that can guide theory.

What this enables: a research agenda where empirical work produces audit-grade artifacts
usable by theory.

IX. Limitations and Failure Modes

1. Tribunal gaming: if admissibility is weak, the program devolves into storytelling. No-reopen
and explicit revision protocols are required [1,30].

2. Proxy success: methods may exploit superficial structure that does not transport; stress tests
must be adversarial.

3. Proof-format dependence: proof logging and checking are powerful but can hide complexity in
tooling; independent verifiers and multiple checkers reduce this risk [23-26].

4.  Misinterpretation risk: transport failure is not a proof of P # NP; transport success is not a proof
of P =NP. The program is diagnostic, not decisive.

What this enables: honest scoping — progress signals without overclaiming.

X. Conclusion

We reframed P = NP as a transport question: not only “can we decide NP-complete languages
efficiently,” but “do the reasons for decision remain stable, checkable, and auditable as we move
across reductions?”

This reframing aligns naturally with the TSM kernel, where correctness alone is insufficient;
admissibility, receipts, and recovery-to-okay feasibility determine whether a claim can be signed
under scrutiny [1]. Under abstain-gated kernels and no-reopen discipline, heuristic success becomes
a source of hypotheses and receipts — but not an excuse to commit.

The transport test offers a disciplined path between empirical solver engineering and Clay-grade
obligations. It forces commutation between reductions and receipts, elevating “generalization” from
benchmark performance to verifiable structure.

If a polynomial-time decider exists, we should expect reasons to transport with bounded
overhead and stable receipts; if no such decider exists, we should expect systematic transport
brittleness that resists admissible repair. Either way, the program yields replayable artifacts: proof
logs, failure modes, and stability maps that can guide theory rather than decorate narratives.

What this enables: a governance-first research pipeline in which “progress” is not declared — it
is logged, replayed, and signed.
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Contributions

e Defines “transport of reasons” as a testable property across NP-completeness reductions.

e  Aligns transport testing with the TSM kernel: admissibility, receipts, commit depth, and no-
reopen governance.

e Introduces abstain-gated decision kernels as control-plane semantics for safe commitment under
verification/audit clocks.
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e  Specifies evaluation metrics emphasizing stability, replayability, proof logging, and verifier cost.
e  Proposes a round-based discovery protocol that separates empirical solver fitness from Clay-
grade proof obligations.
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