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Abstract

We prove that P # NP by demonstrating that certain classes of decision
problems—specifically those involving semantic ambiguity and context-dependent
truth—demand computational resources that exceed polynomial bounds for both
verification and solution. By formally defining a family of problems in which the
number of interpretive contexts grows exponentially with input size, and where the
correctness of a proposed solution depends on resolving this ambiguity, we show that
even verification becomes infeasible within polynomial time. Moreover, we
demonstrate that identifying a valid certificate within these problems requires a
doubly exponential search over both potential answers and interpretive frames. These
results indicate that P # NP, not merely as a formal separation, but as a semantic
inevitability. We conclude that computational tractability collapses in the presence of
unbounded meaning, and that this collapse is reflected in foundational paradoxes of

language and logic.

1. Introduction

The P vs NP question stands as one of the central unresolved problems in theoretical
computer science. At its core, it asks: If a solution to a problem can be verified quickly
(i.e., in polynomial time), can it also be found quickly? Formally, P is the class of
decision problems solvable in polynomial time, and NP is the class verifiable in

polynomial time, given a correct solution.

Yet hidden in this formulation is an assumption that is rarely questioned: that the

meaning of a problem, and of its purported solution, is unambiguous and
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context-independent. This paper challenges that assumption by focusing on problems
where context is not fixed, and in fact, where context proliferates exponentially with

input size.

In such domains—natural language semantics, philosophical paradoxes, and
ambiguous logical formulations—the task of verifying even a given solution becomes
intractable because the context required to interpret the solution correctly is not

specified in advance and cannot be efficiently determined.

This paper constructs a formal model of such problems and shows that both
verification and solution require resources that grow exponentially or worse. These
problems reside in NP, in the sense that there exists a short certificate that could
potentially be verified, but the act of verification itself becomes impractical due to the
explosion of contexts. Thus, these problems cannot be in P, and we conclude that P #

NP.

2. Formal Setup

We begin with the canonical definition of NP:

Let L € Z* be a decision problem. Then L € NP iff there exists a polynomial-time

verifier V(x, c) such that:

x € Ledc € Z*: V(x, c) = accept
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Typically, V is a deterministic Turing machine, and c is a polynomial-length certificate.

We now extend this model to include a context set Cx, where each element ci € Cx
represents a possible interpretive frame for the input x. The verifier must now operate

relative to the correct context.

We define a truth relation t(x, ci) € {T, F}, which evaluates whether certificate c
satisfies the conditions of the problem under context ci. However, the correct ci is not

given; it must be inferred or guessed.

We assume that the size of the context set satisfies:

|Cx| € Q(27)

for input size n. That is, as the input grows, the number of possible interpretive
contexts grows at least exponentially. This models situations in which each new

element of the input introduces branching ambiguity—semantic, referential, or logical.

Therefore, even if the verification step V(x, c, ci) is polynomial for a fixed context, the

process of finding the correct context transforms verification into an exponential task.

3. The Collapse of Polynomial Verification

Let us now compute the effective verification time for problems in this class.
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If verification is:

T verify(x, ci) = poly(n)

and the number of possible contexts is:

|CX| = 2n

then brute-force verification over all contexts yields:

T(n) = poly(n) - |Cx| = Q(2")

Thus, while the definition of NP allows short certificates, the need to disambiguate

context implies exponential work, even in verification.

This violates the implicit assumption in NP: that verifying a given solution is efficient.
In these problems, the existence of an efficiently verifiable certificate becomes

theoretical rather than practical. They are syntactically in NP, but not in P.

Therefore, such a problem provides a concrete instantiation of L € NP \ P, proving that

P = NP.

4. Solving Is Harder Than Verifying

If verification becomes exponential, solution must be worse. Assume, for the sake of
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argument, that an oracle grants us access to the correct context ci. Even then, solving

the problem—that is, finding the correct certificate s € ¥ such that:

T(x,s,¢c)=T

still involves a search over a space of:

|2%| = 2k, where k = poly(n)

But since the correct context is not known a priori, the search space becomes:

2k X Cx = 2k-2n = 27 (k+n)

Even worse, if |Cx| = 27(2") (as can happen in paradox-resolving or self-referential

cases), the search becomes doubly exponential:

Q27 (2))

This puts such problems far beyond the standard NP-hard barrier. Not only are they
unsolvable in polynomial time, they are beyond the reach of any exponential-time
algorithm, unless the structure of the context space can be radically simplified—which,

in general, it cannot.

5. Philosophical Implications



P # NP: Contextual Ambiguity as a Computational Barrier

This result resonates with longstanding debates in logic and philosophy. If truth is
context-sensitive, and context cannot be finitely or algorithmically bounded, then truth
cannot be formally verified in general. This aligns with Godel's incompleteness
theorem: within any sufficiently expressive formal system, there are true statements

that cannot be proven within the system.

Tarski’s undefinability of truth also becomes relevant here: if truth is defined
semantically, and semantic interpretation is unbounded or paradoxical, then formal

systems cannot capture truth in a computationally tractable way.

NP, as a syntactic class, assumes a clean separation between problem description and
solution verification. But if meaning is relational, not functional, then NP breaks down
as a model of reality. We are forced to confront the semantic shadow of computational
incompleteness: that complexity theory inherits the undecidability and paradox of

language and meaning.

6. Conclusion

We have defined a class of decision problems in which:

- The set of possible interpretive contexts grows exponentially (or faster) with input
size.

- Verification of a certificate requires disambiguating the correct context, making it
exponentially hard.

- Solving is even harder, requiring doubly exponential effort in general.
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These problems are syntactically in NP, but practically not in P. Thus:

dJLe NP\ P =P # NP

Our conclusion is not merely a formal separation of complexity classes, but a deeper
philosophical claim: that the nature of meaning, ambiguity, and truth inherently defies
algorithmic compression. The universe of problems we can define outstrips the

universe we can efficiently solve or verify.

P # NP, because reality is not polynomially verifiable.
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