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Abstract

A consistent physical description requires a distinction between admissible and inadmissible
states. We formalize this requirement as a universal constraint acting on a space of candidate
states. We show that the existence of a nontrivial constraint is necessary for any structured
physical description. The constraint is defined independently of dynamics, spacetime, and in-
terpretation, and is the minimal structural condition required for any nontrivial physical theory.

1 Introduction

Any physical theory must distinguish admissible states from inadmissible ones. Without such a
distinction, no meaningful structure, observable content, or predictive framework can be defined.
This work formalizes this requirement as a Universal Constraint: a structural rule selecting
admissible states from a space of possibilities. The aim is not to introduce a specific physical
model, but to identify the minimal condition required for any nontrivial physical description.

2 State Space

Let S denote the space of candidate states.
At this stage, no additional structure is assumed. In particular, S is not equipped with:

e a spacetime geometry,

e a notion of locality,

e a dynamical evolution law,

e or a probabilistic interpretation.

The space S represents candidate states prior to the imposition of admissibility conditions.

3 Universal Constraint

A universal constraint is defined as a rule selecting a subset of admissible states:
C,¥U =0 Va. (1)

The operators C, define the admissibility conditions acting on states W. A state is admissible
if and only if it satisfies all constraint conditions.

The Universal Constraint acts as a selection rule, not a dynamical law. It determines which
states are admissible but does not specify how states evolve or interact.



4 Necessity of Constraint

We now show that a nontrivial constraint is necessary for any structured physical description.

Lemma (Necessity of Constraint). A nontrivial constraint on the state space S is required for
any nontrivial physical structure.

Proof.

If no constraint is imposed, all states are admissible. In this case, no distinctions exist between
states, and therefore no nontrivial partition of S can be defined. Without such a partition, no
structure, coarse-graining, or observables can be defined. Therefore, no nontrivial physical structure
exists. Hence, a nontrivial constraint is required. ]

The lemma establishes that a nontrivial constraint is necessary for structure. We now charac-
terize the minimal form such a constraint must satisfy.

5 Nontriviality Condition
For the constraint to define a meaningful structure, the admissible set must satisfy:
S # 0, and not all candidate states are admissible. (2)

The first condition ensures that admissible states exist. The second ensures that not all states
are admissible, allowing distinctions to be defined.
This is the minimal condition for nontrivial structure.

6 Consistency and Closure

The admissibility conditions must be self-consistent. If admissible states are acted upon by trans-
formations generated by the constraint structure, the result must remain within the admissible
set.

This requirement implies a closure condition on the constraint generators. In representations
where constraints act as operators, this takes the form:

[Ca, C] = fap“Ce: 3)

where f, ¢ are structure functions or constants.

Closure ensures that the constraint system defines a stable and self-consistent admissibility
structure.

At this stage, this condition is purely structural and does not assume any specific physical
interpretation.

7 Representation Independence

The Universal Constraint is defined independently of any particular representation. In particular,
it does not assume:

e a spacetime manifold,

e a metric structure,



e locality,
e or a fundamental notion of time.

It also does not depend on any specific interpretational framework, including classical or quan-
tum formulations.

The constraint defines admissibility at a structural level. Different physical theories correspond
to different realizations of this constraint structure.

8 Example: Linear Operator Realization

A common realization of the Universal Constraint is in a linear representation space H, where
states are represented by elements |¥) € H, and constraints act as operators:

Ca|\Ij> — 0 (4)
The admissible states form the subspace:
Hpnys = {|¥) € H | Co|¥) =0 Va}. (5)

This representation introduces linear structure for mathematical consistency but does not alter
the underlying conceptual role of the constraint as a selection rule.

9 Summary

The Universal Constraint is the minimal condition required for any nontrivial physical description.
It:

o distinguishes admissible from inadmissible states,

e does not define dynamics or geometry,

e is independent of representation and interpretation,

e and is required for the existence of structure, observables, and meaningful physical content.

All physical theories must implicitly or explicitly implement such a constraint. The Universal
Constraint makes this requirement explicit and isolates the minimal structure upon which all phys-
ical theories must be built. In subsequent work, we show that consistency conditions applied to
this constraint structure generate emergent ordering, locality, and geometry.



Part of the Universal Constraint Series

Next
D. Haskins, Emergent Structure from the Universal Constraint
doi:10.5281 /zenodo.19438728

Series Overview

D. Haskins, Universal Constraint Framework: Summary and Structure
doi:10.5281/zenodo.19469801


https://doi.org/10.5281/zenodo.19438728
https://doi.org/10.5281/zenodo.19469801

	Introduction
	State Space
	Universal Constraint
	Necessity of Constraint
	Nontriviality Condition
	Consistency and Closure
	Representation Independence
	Example: Linear Operator Realization
	Summary

