Ontological Resolution Theory:
Deriving Quantum Uncertainty from
Fundamental Information Bounds

Fedor Kapitanov

Independent Researcher

ORCID: 0009-0009-6438-8730
prtyboom@gmail . com

November 2025

Abstract

We develop a foundational framework where quantum uncertainty emerges from
information-theoretic constraints rather than being postulated. Starting from three
axioms—(1) finite total information in causally connected regions, (2) relational on-
tology requiring resource allocation for observable specification, and (3) subsystem
decomposability with bounded resolution—we derive a generalized uncertainty prin-
ciple without presupposing quantum mechanics, Planck’s constant, or commutation
relations.

Our main results: (a) Proof that conjugate observables satisfy AX - AP >
(AX maz - APraz) /2700t where Rypeqr is allocated bit-depth; (b) Derivation of holo-
graphic scaling Rjocar ~ A/E%D from consistency requirements; (¢) Universal identifi-
cation of the fundamental action scale with Planck’s constant through dimensional
analysis and saturation arguments; (d) Interpretation of black holes as informational
phase boundaries where resolution saturates the holographic bound.

We provide falsifiable predictions with quantitative estimates: modified uncer-
tainty AXAP > (1 4+ 0.69Rreq/Ravair) near holographic saturation, detectable
as ~ 14% correction in neutron-star inspirals by LISA; phase-space discreteness at
Planck scales; cosmological bounds on state complexity (Ngtates < 210122). This
framework unifies quantum indeterminacy and gravitational horizons under a single
information-allocation principle.
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1 Introduction

The relationship between information and physics has evolved from Wheeler’s philosoph-
ical "Tt from Bit" [I] to concrete principles: the Holographic Principle [2], 3], Bekenstein
bounds [4], and information-theoretic reconstructions of quantum theory [6} [7]. Yet a fun-
damental tension persists: standard quantum mechanics operates on continuous Hilbert
spaces with infinite-dimensional representations, while information bounds suggest finite
capacity.

1.1 The Central Question

Can we construct a logically prior framework based purely on information allocation, from
which quantum uncertainty emerges as a theorem rather than a postulate?

1.2 What This Paper Does Differently

We demonstrate that quantum uncertainty can be derived from three information-theoretic

axioms that make no reference to:

e Planck’s constant A
e Wave functions or Hilbert spaces
e Commutation relations [, p] = ik

e Quantum postulates (Born rule, measurement, etc.)
The logical structure is:
Information Azioms = Uncertainty Theorem =- Universal action scale = h

This differs from:

Adler—Santiago [8]: They assume the standard uncertainty relation and obtain

gravity-induced corrections; we derive the relation itself from information bounds

Entropic gravity [9, 10]: We derive quantum uncertainty, not just gravitational

dynamics

Digital physics [11]: We use continuous limits, not discrete automata

Zeilinger’s foundations [12]: We connect to gravity via holography and derive
the action scale



e Hardy/Chiribella axiomatizations [7, 6]: Ours is ontological (reality-based),
not operational (measurement-based)

1.3 Road Map

Section 2: Three axioms (finite information, relational ontology, subsystem decomposi-
tion)

Section 3: Mathematical framework—definitions and core uncertainty theorem
Section 4: Consistency with holography—deriving R ~ A/(%

Section 5: Universal identification of A (dimensional analysis + saturation)
Section 6: Black holes as informational phase boundaries

Section 7: Quantitative falsifiable predictions

Section 8: Philosophical implications

Appendix A: Why the informational action scale must be A

2 Axiomatic Foundation

We establish three axioms involving no quantum-mechanical concepts.

Axiom 1 (Finite Total Information). The total distinguishable information content Iy
of any causally connected region R is finite and bounded by a monotonically increasing

functional of the boundary area:
Liot|R] < F(Aor) (1)
where Agr 1s the area of the boundary OR.

Remark 1. We do NOT specify the form of F initially. The holographic scaling F(A) =

A/(40%1n2) will be derived in Section 4 from consistency requirements.

Axiom 2 (Relational Ontology and Resource Allocation). Physical observables do not
possess intrinsic sharp values independent of measurement context. Specifying an observ-

able O to precision 00 requires allocation of informational resources quantified by:

A Oma:p
00

R(0,50) = log, ( 2)

where AO 4z 18 the maximum operational range of O in the system, and R represents the

required "bit-depth" or resolution.



Remark 2. This axiom encodes two ideas: (1) observables are relational (consistent with
relational QM [I3]), and (2) precision has informational cost (consistent with Landauer’s
principle [14]).

Axiom 3 (Local Subsystem Decomposability). For any decomposition of a system into

subsystems {S;}¥,, the total allocated resolution satisfies:

N
Z RSZ- S Itot - Imutual (3)

=1

where Inuwa > 0 is the mutual information stored in correlations between subsystems

(positive because correlations reduce total required storage via redundancy).

Remark 3. For independent subsystems, [,,utua; = 0, giving strict equality. For maximally
entangled subsystems, I,,ytua; can approach Iy, /2, recovering the Page curve behavior [15].
This formulation avoids the confusing negative sign in earlier drafts.

3 Mathematical Framework

3.1 Definitions

Definition 1 (Ontological Resolution Allocation). For a subsystem S with observables
{0, M| specified to precisions {00, }, the total allocated resolution is:

M
AO
Rs =3 log, (—’”) @)
a=1 500‘

This represents the total number of bits required to encode the state of S to the specified

precision.

Definition 2 (Conjugate Observables). Two observables X and P are conjugate with

respect to a subsystem of characteristic scale L if:

1. They satisfy the dimensional relation: [X][P] = [Action]

2. Their operational ranges satisfy: AX, o ~ L and AP0 ~ Echar/Vehar Where Eepq,

is characteristic energy and v, is characteristic velocity.

Example 1. For a particle in a box of size L with kinetic energy E ~ p?/2m:

e Position: AX, 40 = L

o Momentum: AP,,.. = V2mE



e Product: AX, 0z - APper = LV 2mE has dimensions of action

Remark 4 (Physical Interpretation of Local Resolution). For a subsystem of size R em-
bedded in a holographically-bounded universe, the maximum available resolution is set
by the area of its boundary:

A(R) R?

72'oca R) = ~
tocat () 422 (Z1n2

(5)

This reflects that information about the interior is fundamentally encoded on the bound-
ary. When we write R, without explicit R-dependence, we refer to the resolution budget
allocated to a specific subsystem, which may be less than this maximum if resources are
shared.

3.2 The Core Theorem

Theorem 1 (Fundamental Resolution Trade-off). For any subsystem S with two con-
jugate observables X and P, if the total allocated resolution is bounded by Rs < Riocal,

then:
o A)(mcm: : APma:p

OX 0P > == (6)

Proof. From Definition 1, the resolutions allocated to X and P are:

AXmam

R = o, (552 )
Apmax

Rp = log, ( 5P ) (8)

By Axiom , for a subsystem allocating resolution to these two observables (with I,,,,4u0 =
0 for independent measurements):

7:\)fX + RP S Rlocal (9)
Substituting @ and into @:
AXmax APmax
10g2 < 5X ) —|—10g2 ( 5P ) S Rlocal (10)

Using logarithm properties:

(AXmax : APmaac
log,

<
5X A 5P ) ~ Rlocal (11>

Exponentiating both sides:
AAszm: - Al max R
5X 3 < 2Mocal (12)
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Rearranging:
A)(max . APmaw
2Rlocal

5X 6P > (13)

O

Remark 5 (Interpretation). This theorem states that precision in conjugate observables
trades off due to finite informational capacity. It is impossible to simultaneously specify

both X and P to arbitrary precision because doing so would require R;,cq; — 00, violating

Axiom [II

4 Consistency with Holographic Bounds

4.1 Derivation of Holographic Scaling

Theorem 2 (Surface vs. Volume Scaling). For a subsystem of characteristic size R in d

spatial dimensions, dimensional analysis and Aziom [1] require:

Rdfl

Rlocal ~ &%—_1 ( 14)

where L, is a fundamental length scale (to be identified), and the scaling is with surface

area, not volume.

Proof. Consider two candidate scalings for information capacity:

Option A (Volume scaling):

Rd
Ty ~ E (15)
Option B (Surface scaling):
Rd—l
[surf ~ ﬁj (16)

We show Option A leads to contradiction. Consider a composite system of N non-
interacting subsystems, each of size r, packed into a region of size R. The number of

N~ (5) (1)

If information scales with volume and subsystems are independent (I, = 0), total

subsystems is:

information is: ;
d d
vol R T R
]t(otal) =N- ]subsystem = (?) . @ = @ (18)



This is independent of how we partition the system. Now consider the limiting case r — /.
(fundamental-scale subsystems). The information becomes:

VO Rd
1)~ ST 00 as R oo (19)

This violates Axiom (1] for any finite but large R (e.g., the cosmological horizon R.psy, ~
10%° m is large but finite).

Surface scaling avoids this: When subsystems share boundaries, the total boundary
area does not scale additively. For a cube of side R divided into cubes of side 7:

e Number of subsystems: N ~ (R/r)3
e Each subsystem has surface area: Ay, ~ 12
e But shared interior boundaries don’t count doubly (correlations!)

e Total distinct surface area: Ajpq1 ~ R? (only the outer boundary)

Thus:

d—1
(surf) R
Itotal ~ Ed_l (20)

This grows more slowly and remains finite even for cosmological scales when /, is funda-
mental. O

5 Universal Identification of the Action Scale

This section addresses the key question: Why must the fundamental information scale
equal h?

5.1 Dimensional Analysis

Lemma 1 (Fundamental Action Scale Exists). Any information-theoretic framework with:

1. Conjugate observables X, P with [X][P] = [Action]
2. Finite resolution Ripeqr in units of bits

3. Operational ranges AX oz, APz



must introduce a fundamental action scale Sy via:

AXmax : APma:z:
7z'local = Ing ( g ) (21)
0
Proof. From Theorem [I} the minimum uncertainty product is:
A‘vaa,x ' A-Pmax
(0X - 6P) i = (22)

2Rlocal

The left side has dimensions [Action|. The numerator on the right also has dimensions
[Action]. Therefore, 2Riocal must be dimensionless, which implies:

A)(ma;z : AP)ma;t

9Riocal — 23
- (23)
where S is a constant with dimensions of action. Taking logarithms:
AXmCLiE ' APma:p
Riocat = lOgZ ( g ) (24)
0
]

5.2 Universality Argument

Theorem 3 (Universality of the Action Scale). The fundamental action scale Sy must be

the same for all conjugate pairs (X;, P;) in any consistent physical theory.
Proof. Consider two different conjugate pairs:

e Pair 1: Position-momentum (z,p) with ranges (AZaz; APmaz)

e Pair 2: Angle-angular momentum (6, L) with ranges (A4, ALmaz)

If they have different action scales S(()l) # 562), then from Lemma

Axma:v . Apma:c
Rl(izal = 1Og2 ( S(l) > (25)
0
Aemacc . ALmax
Rl(gzal = 1Og2 ( S(Q) ) (26)
0

But both systems occupy the same physical region with boundary area A. By Theorem
2, both must have:

W _ne __ 4
7?’local - 7Q’local - 46%; In?2

(27)



This implies:

Axmaaﬁ . Apmax Aemagv : ALmax
log = log (28)
2 ( 55" ) 2 ( S5 )

For this to hold for arbitrary choices of Az, and Ab,,., (which depend on system

details), we must have:
S = 5P = 5, (29)

Therefore, there exists a universal fundamental action scale. n

5.3 Identification with Planck’s Constant

Proposition 1 (The Universal Action Scale is i). The universal action scale Sy derived

in Theorem [3 is precisely Planck’s reduced constant:

So = h = 1.054571817 x 107** J-s (30)

Proof. This is an empirical identification, not a mathematical derivation. We have:
From theory: A universal action scale Sy must exist (Theorem

From experiment: Quantum mechanics reveals a universal action scale in all measure-

ments of conjugate observables, called A
Identification: By parsimony (Occam’s razor), these are the same quantity.

To verify, we check that setting Sy = h reproduces all known quantum phenomena:

Position-momentum: AzAp > h/2

Energy-time: AEAt > h/2

Angle-angular momentum: AGAL > h/2

Photon polarization: Single-bit information (R = 1) corresponds to Sy =

Thus, the value Sy = h is measured from experiments, but its existence and universality

are derived from our axioms. O

Remark 6 (Why This Is Not Circular). Critics might object: "You’ve just renamed A!"
The distinction is:

1. Standard QM: Postulates [z, p| = ih with h as an unexplained fundamental con-
stant



2. Our framework: Derives that some universal action scale must exist from infor-

mation axioms; experiments measure its value as h

Analogy: Special relativity derives that a universal speed limit ¢ must exist from symmetry
principles. Experiments measure ¢ = 299792458 m/s. We don’t accuse Einstein of circular

reasoning!

5.4 Connection to Gravitational Entropy

Proposition 2 (Planck Length from Gravitational Saturation). Requiring that gravi-
tational systems (black holes) saturate the holographic bound identifies the fundamental
length scale:

h
b, =lp= C—f ~ 1.616 x 107% m (31)

Proof. The Bekenstein-Hawking entropy of a black hole is:

k 363A k BA
= — 2
51 = "1hG 402, (32)
In information units (bits):
Ipg =28 __4 (33)
P2~ 42 1n2
From Theorem [2, for a region of size R with boundary area A ~ R2:
R2
— 4
Rlocal gz n 2 (3 )
For black holes, the informational capacity saturates the holographic bound:
R? A
= 35
2In2  44%1n2 (35)
For a spherical horizon, A = 47 R?, thus:
R?  4rmR?
— = — (36)
02 4402,
Simplifying:
2 E%’ 7
i =—= 3
2= b (37)

Up to numerical factors of order unity (depending on precise geometric definitions), we
obtain:
by ~Up (38)
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Physical interpretation: Gravitational interaction is the channel through which in-
formational capacity manifests in spacetime geometry. The saturation of gravitational
entropy at the holographic bound reveals that gravity is not merely a force, but the ge-
ometric expression of information allocation. This is why the abstract information scale

l, equals the gravitational scale /p. O

Remark 7 (Closing the Loop). We now have a consistent picture:

1. Information must be finite — holographic scaling (Theorem

2. Conjugate observables require action scale — universality (Theorem
3. Gravitational systems saturate the bound — ¢, = ¢p (Proposition
4. Experiments measure action scale — Sy = i (Proposition

5. Therefore: Ripeas = A/ (4% 1n2) and AXAP > h

The "missing link" complained about by early reviewers is now complete. See Appendix

A for the full dimensional-analysis derivation.

6 Black Holes as Informational Phase Boundaries

6.1 Critical Information Density

Definition 3 (Information Saturation). A region of spacetime reaches information sat-
uration when the resolution required to specify its internal state equals the holographic
bound on its boundary:

R j i R boundary Aboundary
required available 2
404 1n 2

Theorem 4 (Horizon Formation Criterion). When a mass M is confined within radius

R such that the Schwarzschild condition is met:

2GM
c

RST‘S: (40)

the information required to specify the interior state would exceed the holographic bound,

triggering a phase transition: formation of an event horizon.

Proof. The Bekenstein bound [4] states that maximum entropy of a system with energy

F and size R is:
and size R is onknER

SBer <
Bek = he

(41)

11



For a system with rest mass-energy E = Mc*:

2nkpM
Sy < ZTRBMCR (42)
h
In information units: g 97 McR
1. PBek o 2mcC 4
PET M2 = hn2 )

The holographic bound for a spherical boundary of radius R gives:
47 R? TR?c?

Thoto = = 44
MO T 422 T hGIn?2 (44)

The Bekenstein bound saturates the holographic bound when:

2rMcR  mR*
= 4
hln?2 hG1n 2 (45)
Simplifying:
2GM

2MG =R = R= i =7 (46)

At this threshold:

e The interior information equals the boundary capacity

e Axiom [I] cannot be satisfied if we try to allocate additional resolution to the interior

e The system "protects" itself by forming a causal barrier—an event horizon
Beyond this horizon, the interior is informationally inaccessible to the exterior, not because

of dynamical evolution, but because there is insufficient informational capacity to encode
both the exterior and a too-detailed interior simultaneously. O

Remark 8 (Not Thermodynamic Entropy). Our entropy is ontological-resolution ca-
pacity, distinct from:

e Thermal entropy: Disorder of microstates in equilibrium

¢ Entanglement entropy: Von Neumann entropy of reduced density matrix

e Informational entropy (ours): Bits required to specify state to given precision
This is why our framework differs from entropic gravity [9, [10]. If we have a Newtonian

limit, it emerges from informational Euler-Lagrange equations (minimizing information

flux), not thermodynamic equations of stateE]

LA future paper will explore the variational principle: "Dynamics arise from minimizing the rate
of change of ontological resolution," analogous to how Einstein equations arise from minimizing the
Einstein-Hilbert action.

12



7 Quantitative Falsifiable Predictions

Unlike purely interpretational frameworks, our theory makes testable predictions with

numerical estimates.

7.1 Prediction 1: Enhanced Uncertainty Near Holographic Sat-

uration

Prediction: When a system approaches information saturation (R;eq/Ravair — 1), the
uncertainty relation receives corrections. From Taylor expansion of Theorem

R Rreg \°
0X-0P>h|1 L0 =L 47
o ( * aRavail - (Ravail> ) ( )
Derivation of a: Starting from Theorem [I}
AXmazAPmam Ravai _Rreq

For small deviations, 2* ~ 1 + xIn2 when |z| < 1. Thus:

27(Rr5q77—\{uvail) ~ 1 + (Rreq — Ravail) 1n2 (49)

With Ruvair = 1085 (A XmawAPras/1):

SXSP ~ h (1 +In2- &) (50)

avail

Therefore:

la =In2~0.693] (51)

Where to test—Neutron star inspirals:

For a neutron star of mass M = 1.4M and radius R = 12 km:

Riey GM
Ravail RCQ

~ 0.20 (52)

The predicted fractional correction to uncertainty-limited noise is:

Ah
- ~ a x 0.20 = 0.693 x 0.20 ~ 0.14 = 14% (53)

Detectability with LISA: The Laser Interferometer Space Antenna (LISA) has strain
sensitivity:

Ah
(—) ~ 1072 per Fourier bin over 10° s observation (54)
h/ Lrsa

13



A 14% correction is within LISA’s sensitivity range for neutron-star inspirals at ~ 10
mHz frequencies (expected around 2035-2040).

Alternative test—Ultra-cold atoms: Bose-Einstein condensates near critical density
(n ~ 10" ¢cm™3) should exhibit enhanced quantum noise, though the effect is smaller
(Rreq/Ravair ~ 1079, currently undetectable).

7.2 Prediction 2: Cosmological Bound on State Complexity
Prediction: The total number of distinguishable quantum states in the observable uni-
verse is bounded:

Nstates < QItDt = 2ACOSmic/(4Z§; In 2) (55>

For current cosmological horizon Repsmic ~ 4.4 x 10%6 m:

ATR? . .
Ly % ——S0smic 1 4 x 102 bit 56
ot TR 12 e (56)
Thus:
Nstates S 210122 ~ 1010121‘4 (57>
Implications:

e Eternal inflation: Even if inflation creates "infinitely many" pocket universes, the

total accessible state space is bounded

e Computational cosmology: If Lloyd’s computational universe hypothesis [17] is
correct, this is the ultimate RAM limit

e Poincaré recurrence time: The universe must revisit a previous state within time

122
tree ~ tp x 210

Testability: Indirect—through consistency with CMB anomalies (cold spot, hemispher-
ical asymmetry), large-scale structure (power spectrum cutoff at ¢ ~ 30), and theoretical

constraints on chaotic inflation models.

7.3 Prediction 3: Phase-Space Granularity at Planck Scale

Prediction: At energies approaching Planck scale, phase space exhibits discrete struc-

ture:
h

(AZ)min ~ Lp,  (Ap)min ~ mpc ~ o (58)

14



This implies modified dispersion relations for ultra-high-energy particles:
Pt
m%ct

E? =p? +mPc* + ¢ +... (59)

where £ = O(1) is a dimensionless coefficient.

Current constraints: TeV gamma-ray astronomy (Fermi-LAT, HESS, VERITAS) con-

strains:

€] <1073 (60)

via time-of-flight delays over cosmological distances (D ~ Gpc).

Future tests:

e Ultra-high-energy cosmic rays: GZK cutoff region (E ~ 10%° eV)
e Gamma-ray bursts: Sub-second time variability at TeV energies

e Cherenkov Telescope Array (CTA): Next-generation sensitivity to & ~ 107°

7.4 Prediction 4: Information Transfer Limits

Prediction: The maximum rate of information flow across a boundary of area A is:
dl Ac
<

dt = 40312 (61)

This is related to Bousso’s covariant entropy bound [5] but stated in terms of ontological
resolution transfer.

Where to test:

e Hawking radiation information retrieval: Rate of information release from

evaporating black holes must saturate this bound

e Gravitational-wave memory: Permanent displacement in LIGO /Virgo test masses
encodes information about the source—total bits bounded by horizon area

8 Philosophical Implications

8.1 Ontology vs. Epistemology

Our framework is ontological: we claim that uncertainty reflects actual limits on physical
definiteness, not merely observer ignorance. However, this ontology is relational—properties
exist only in measurement contexts (consistent with Rovelli’s RQM [13]).

15



Key distinction:

e Epistemic uncertainty (Copenhagen, QBism): We don’t know both x and p

e Ontological uncertainty (our framework): The universe doesn’t allocate both x

and p to sharp values simultaneously

8.2 Relation to QM Interpretations

Interpretation Compatibility

Copenhagen Compatible—we provide physical basis for
complementarity

Many-Worlds Compatible with constraint: total

branches < 27tot

Bohmian Mechanics | Tension—we deny simultaneous definite

X, P

QBism Compatible—reality is  participatory,
information-theoretic

Relational QM Highly compatible—properties are rela-
tional, context-dependent

Transactional Compatible—informational handshake in-
terpretation

8.3 What We Do and Don’t Explain

We explain:

e Why measurements have finite precision (resource allocation)

e Why conjugate observables cannot be simultaneously sharp (Theorem

Why holographic bounds exist (Axiom [I| + consistency)

Why event horizons form (informational saturation)

Why a universal action scale exists (Theorem
We do NOT explain:

e Specific outcome selection in measurements

e The Born rule P(\) = [(\|)?

16



e Unitary dynamics (Schrodinger equation)

These require additional structure—candidates for future work.

9 Conclusion

We have constructed a logically coherent framework where:

1. Axioms are information-theoretic primitives (no QM, no h)

2. Uncertainty relations emerge as theorems (Theorem

3. Holographic scaling is derived from consistency (Theorem

4. Universal action scale is proven to exist (Theorem

5. Planck scale arises from gravitational saturation (Proposition
6. Event horizons are informational phase boundaries (Theorem

7. Falsifiable predictions distinguish this from standard QM

The "mystery" of quantum indeterminacy receives a concrete answer: physical reality
has finite informational capacity, and uncertainty is the optimal allocation strategy
under holographic constraints.

9.1 Open Questions

1. Can the Born rule be derived via information-optimal decision theory?
2. How does entanglement allocation work? (What is Iutua for Bell states?)
3. Can we formulate QFT in this language?

4. What is the relationship to AdS/CFT?

5. Can unitary dynamics emerge from a variational principle (minimal information
flux)?

17



9.2 Final Remark
If this framework is correct, quantum mechanics is not a mysterious departure from clas-

sical reality—it is the inevitable structure of any physical theory subject to finite infor-

mational capacity.

The universe does not "choose" to be quantum. It must be quantum, because it cannot
afford to be classical.
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A Why the Informational Action Scale Must Be A

This appendix provides the full dimensional-analysis argument requested by referees.

A.1 Setup

We have derived (Theorem |3|) that a universal action scale Sy must exist. The question
is: why Sy = h specifically?
A.2 Dimensional Analysis

Any physical theory with:

e Space dimension [L]
e Time dimension [T]

e Mass dimension [M]

can construct action from:

[S] = [ML*T] (62)
The only fundamental dimensional constants in our framework are:

e ¢ (speed of light): [LT™!]

18



e G (gravitational constant): [L3M 1T

e Sy (action scale): [ML*T!]

From these, we can form:
SOG S()G S()C
€P:\/?a tPI\/?7 me =\l & (63)

A.3 Experimental Calibration

Quantum mechanics reveals that:

e Photon energy: E = hv where h = 27h
e Electron orbital quantization: L = nh

e Uncertainty: AzAp > h/2

All point to the same action scale i = 1.054571817 x 1073 Js.

A.4 Universality Check
We verify that setting Sy = h gives:

e /p=1.616 x 107 m (Planck length)
o tp =5.391 x 107% s (Planck time)
e mp = 2.176 x 1078 kg (Planck mass)

These match the scales where quantum gravity becomes important, confirming consis-
tency.

A.5 Conclusion

The value A is measured from experiments (just like ¢ and G), but its existence and
universality are derived from information axioms. This is the same logical structure as
special relativity: symmetry principles — universal speed limit exists — experiments

measure c.
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