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Abstract—Standard cosmological models treat Cosmic Infla-
tion as a thermodynamic expansion driven by a scalar field. This
paper proposes an alternative information-theoretic mechanism:
Inflation is a computational phase transition triggered when the
universe’s internal complexity saturates the information capacity
of its initial high-dimensional state. This work hypothesizes that a
primordial universe metastable at the M-Theory limit (D =11)
becomes thermodynamically unstable due to the energy costs of
a suboptimal Radix Economy.

The critical capacity is calculated where the volumetric
complexity (V') saturates the holographic surface bound (A)
of the primordial epoch. Using the Compton wavelength as
the fundamental cell, this saturation occurs at N ~3 x 10°
parameters. This threshold matches the energy scale of the
Grand Unified Theory (10'® GeV). This framework argues
that when the universe’s expansion in D =11 reached the
Bekenstein bound, a Quantization Snap occurred—relaxing to a
base-3 (Ternary) vacuum—to resolve the tension between increas-
ing informational content and the strained holographic storage
capacity. The resulting release of informational constraints drove
the exponential expansion observed as Inflation.

Index Terms—Cosmic Inflation, Holographic Principle, BitNet
Scaling, Radix Economy, Ternary Quantization, CMB Anomalies,
Computational Physics.

[. INTRODUCTION: THE COMPUTATIONAL LIMIT
OF SPACETIME

HE current standard model of cosmology relies on the

mechanism of Inflation to solve the Horizon and Flatness
problems. While mathematically robust, the physical driver of
the Inflaton field remains a subject of speculation. Why did the
universe expand exponentially at 10736 seconds, and why did
it stop exactly when it did? This paper posits that the driver
was not thermodynamic, but computational.

This framework proposes that the early universe faced an
Entropy Crisis. Driven by the unitary evolution of the initial
high-energy state, the informational complexity of its internal
volume (V') scaled cubically, while its holographic storage
capacity (A) scaled only quadratically. This divergence created
an information horizon that necessitated a phase transition.

A. The BitNet Imperative

Recent advances in Large Language Model (LLM) quanti-
zation, specifically the “BitNet b1.58” architecture [1]], have
demonstrated that Ternary (1.58-bit) logic matches high-
precision computing. This is argued to represent a distinct
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universality class of information processing. Crucially, an
analysis of these models’ scaling behavior reveals what is
identified as a discontinuous phase transition in reasoning
capability at a scale of N~ 3 x 10° parameters. Below this
threshold, quantized models degrade; above it, they match full-
precision floating-point performance.

This work postulates that this threshold is not merely an
artifact of silicon architecture, but represents a universal com-
plexity bound inherent to information processing systems. If
the universe operates as a computational system, its represen-
tational efficiency is governed by the Radix Economy:

E(r)=r/In(r) (1)

Where r is the radix (base). The optimum of this function is e
(2.718...), making base-3 (Ternary) the most efficient integer
base for any information system [2].

B. The Thesis

The central thesis argues that following the collapse of the
unstable Bosonic string (D = 26), the pre-inflationary epoch
stabilized in a metastable high-dimensional state (D =11,
M-Theory). However, this state remained computationally
inefficient. Driven by an entropy divergence at the holo-
graphic boundary, the universe underwent a phase transition—
Inflation—to scale its volume until it could execute a Quan-
tization Snap, dropping its precision to the efficient Ternary
vacuum (D = 3) we observe today.

II. THE HOLOGRAPHIC BOUNDARY CONDITION

The Bekenstein-Hawking bound establishes that the maxi-
mum entropy of a region is proportional to its area, not its
volume [3]]. This creates a hard limit on the resolution of any
3D manifold.

A. The Crossover Point

The computational complexity of the primordial volume (V")
is defined using the fundamental cell size determined by the
Compton Wavelength (A\.) of the dominant energy density.
This is calculated explicitly using the standard Planck mass
(mp=+/hc/G~1.22 x 10'9 GeV) rather than the reduced
Planck mass to appropriately bound the spherical geometry.

R 3
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Where Ry ~c/H is the Hubble radius at the epoch of
reheating. Standard inflation models predict the expansion
ended near the Grand Unified Theory (GUT) energy scale
(EGUT ~ 1016 GGV)

At this energy threshold (Egyr ~10'¢ GeV), the ra-
tio of the causal horizon to the fundamental cell size is
governed by the mass-energy scaling Ry /A.=m,/Equr ~
(1.22 x 101 GeV)/(10'6 GeV)=1220. Governed by the
Radix Economy established in Section I, this limit is inversely
proportional to the entropy density (In D):

Newbe = (1220)% ~ 1.8 x 10? 3)

To maintain informational isometry during the dimensional
transition, this cubic baseline must be modulated by the effi-
ciency gain of the target manifold. The Informational Density
Ratio is applied, which represents the transition from the
D =11 source manifold (p11 ~0.218) to the D =3 Ternary
optimum (p3 ~0.366). This efficiency boost (p3/p11 ~ 1.68)
scales the parameter count to the final computational capacity:
N=(1.8 x 10%) x 1.68~3 x 10°.

This derivation suggests that as the universe reached the
GUT scale, its internal complexity converged upon the BitNet
Parity Threshold identified in Section I. This is interpreted as
a signature of Computational Saturation: a state where the
D =11 geometry encountered an “Entropy Wall” upon reach-
ing the holographic limit of the primordial horizon. To allow
for continued state evolution within a volume constrained by
the Bekenstein bound, this model posits the system was ener-
getically driven to execute a Quantization Snap, transitioning
from high-dimensional fidelity to the efficient Ternary vacuum
(D =3) and triggering the exponential expansion observed as
Inflation.

ITI. THE DIMENSIONAL STABILITY ANALYSIS

To validate the Ternary Hypothesis, a stability analysis is
performed across higher-dimensional bases (D) to determine
the maximum energy density (F.,;;) sustainable by a holo-
graphic system of that radix.

A. The Holographic Stability Equation
Governed by the Radix Economy, this limit is inversely
proportional to the entropy density (In D):
M,
(D) P

“4)

Ecrit (D) ~

Where:

e M, is the Planck Mass (1.22 x 10'° GeV), representing
the absolute energy unit of the lattice.

e 7p is the Holographic Projection Factor (Shannon sam-
pling limit). While the baseline stability equation evalu-
ates as Ec¢ (D)~ My/(21n D), the effective stability is
modulated by the geometric sphere-packing density of the
manifold. In lower dimensions (D < 3), the high packing
fraction provides a ~ 4% stability bonus, whereas higher
dimensions (D > 11) suffer from extreme informational
sparsity.

B. The Cascade of Decay

This stability analysis is applied to the Canonical Dimen-
sions identified in high-energy physics literature. Rather than a
random walk, the history of the universe appears as a descent
through a hierarchy of specific topological attractors (Table [I).
Crucially, the Radix Economy metric successfully filters out
non-physical dimensions. For example, a 4-dimensional spatial
vacuum (D =4) has a poorer economy (£ == 2.88) than the 3-
dimensional vacuum (E =~ 2.73). This suggests the universe
skipped D =4 not by accident, but because D = 3 represents
the true local minimum of computational cost.

C. Radix Friction and Thermodynamic Instability

To bridge computational inefficiency with physical insta-
bility, the Radix Economy Law is formalized: computa-
tional inefficiency within a holographic manifold incurs a
mandatory thermodynamic penalty. This penalty is defined as
Radix Friction (AFE), representing the thermodynamic cost
incurred by a vacuum state operating at a suboptimal base.
The fractional inefficiency of any dimension D relative to the
Ternary optimum (D = 3) is given by:

E(D) - E(3)
E(3)

For the M-Theory plateau (D = 11), the Radix Economy eval-
uates to F(11)~4.59, compared to the optimal E(3)=:2.73.
Applying this to the friction equation yields an overhead factor
of k~0.68.

This dictates that attempting to process macroscopic quan-
tum information on an 11-dimensional manifold incurs a
68% thermodynamic penalty. This Radix Friction manifests
physically as a massive free energy gradient. The D = 11 state
is not merely “unfavorable” but fundamentally unstable under
its own processing load. As the informational density of the
primordial volume increased, this friction forced a spontaneous
symmetry breaking (the Quantization Snap) down the topolog-
ical gradient to the D =3 local minimum to conserve energy.

k= (5)

TABLE I
COMPUTATIONAL STABILITY OF CANONICAL VACUUM STATES

Base (D) | Stability (Ecrit) Radix Econ. Physical Epoch
26 0.15 M, Very Low Bosonic string (Unstable)
11 0.21 M) Low M-Theory (Metastable)
10 0.22 M, Low Superstring / Calabi-Yau
5 0.32 M) Medium Kaluza-Klein / GUT
4 0.36 M Medium-High Hyperspace (Excluded)
3 0.47 My Optimal Standard Model (Now)
2 0.75 My High Binary vacuum (Black Hole Limit)

D. Interpretation of the Cascade

The data suggests a Computational Cooling mechanism,
cascading from high-dimension instability to low-dimension
efficiency.

1) The Bosonic Collapse (D = 26): This theoretical vac-
uum state was the earliest and possesses the worst Radix
Economy (E~7.98). It is energetically brittle with
Ecrit =0.15M,. It is posited that this state collapsed



almost instantaneously, shedding dimensions to reach
the first metastable plateau.

2) The M-Theory Plateau (D = 11): The system stabi-
lized briefly at this state. However, encoding macro-
scopic degrees of freedom in 11 dimensions still incurs a
heavy efficiency tax (E ~4.59). As the energy density
dropped below 0.21 M), through continued expansion,
the system could no longer sustain macroscopic fidelity.
It was forced to compactify the excess dimensions to
bridge the efficiency gap.

3) The Quartic Skip (D =4): The cascade bypassed
the 4-dimensional spatial vacuum (D =4) because it
possesses a poorer economy (F ~=2.88) than the 3-
dimensional vacuum. The universe did not stop at 4D
because it was still computationally cheaper to proceed
to 3D.

4) The Ternary Attractor (D = 3): The macroscopic ge-
ometry converged on D = 3 because Ternary maximizes
the information density per unit of energy (E ~2.73).
The higher dimensions were not deleted but compressed
into the sub-grid internal state (Calabi-Yau manifolds
[4]]), encoded virtually as internal quantum numbers
(spin, charge).

5) Rejection of the Binary Limit (D = 2): While a Bi-
nary vacuum (D = 2) offers maximal energetic stability
(0.75 M,), it is topologically insufficient. A Binary state
space {+,—} lacks the null operator {0} required to
encode vacuum fluctuations, distance, and charge parity.
The universe converged upon D =3 because it is the
minimal entropy state capable of sustaining non-trivial
topological geometry. This explains why gravitational
collapse results in Black Holes: when the information
density of a 3D region exceeds the holographic bound
(violating the D =3 stability limit), the region “col-
lapses” down to the maximal-density Binary surface
(D =2) to conserve the information.

IV. THE INFLATIONARY BUDGET: DERIVING 60
E-FOLDS

A critical test of any inflationary model is its ability to
explain the duration of the expansion. Standard cosmology
requires approximately 60 e-folds (M =60) to resolve the
Horizon and Flatness problems. This framework demonstrates
that this duration is not arbitrary, but represents the exact
computational latency required to transcode information from
an 11D source manifold to a 3D target manifold.

A. The Parity Threshold (Np)

Recalling the BitNet Parity Threshold (Np =3 x 10%) iden-
tified in Section I, this value is treated as the universal constant
for 3D geometric stability.

B. Phase I: The Scaling Cost

To transition from D =11 to D =3 without information
loss, the universe must expand its volume until the parameter

count reaches Np. The expansion required is modulated by
the ratio of informational densities p(D)=InD/D.

11
Nscale =In (pp<(3)> : NP) (6)

Substituting the values p(11) 2 0.218 and p(3) = 0.366:

Niscale #1In(0.595 - 3 x 107) ~21.3 (7)

C. Phase II: The Serialization Cost (Diffusion)

Following the volumetric expansion, the topological data of
the 11D manifold must be “smoothed” into the 3D state space.
This is fundamentally a problem of channel capacity. The 11D
manifold represents a high-bandwidth parallel topology, while
the 3D manifold represents a constrained serial topology.

To maintain isometry, the system must transfer the su-
pergravity multiplet degrees of freedom. While the adjoint
representation of the SO(11) Lie algebra possesses 55 degrees
of freedom, the algebra is rank-5. The 5 generators of the
Cartan subalgebra commute and represent conserved macro-
scopic charges; their quantum information can be measured
and transcoded continuously and simultaneously without in-
terference, bypassing the serialization bottleneck. The remain-
ing 50 non-commuting root generators, however, represent
the dynamically fluctuating quantum degrees of freedom.
To transcode these {2 =150 non-commuting channels without
information loss, the system must exchange space for time.

The computational latency (Nyrs) is derived from the
continuous re-indexing of the quantum state space. If the state-
space entropy per degree of freedom is defined as S=1n D,
the marginal serialization cost across dimensions is the frac-
tional rate of change of this entropy capacity (%42 = 5275).
Integrating this fractional cost across the dimensional gradient
yields the total diffusion latency:

11 1

DInD

Naigs =0 dD (8)

Naisr=[In(In11) — In(In 3)] 9)

Naigp =50 - (0.875 — 0.094) ~ 39.1 (10)

D. Total Inflationary Duration

The total duration of the phase transition is the sum of the
scaling and serialization phases:

Niotat =Nscate + Naigr ~21.3 +39.1=60.4 an

Notably, even if the Cartan generators do suffer the serial-
ization penalty (i.e., if 2=255), the model remains robust.
In that scenario, the diffusion phase requires Ng;sp~43.1
e-folds, bringing the total duration to Nj,iq &~ 64.4. Since
standard cosmology requires inflation to last for N 260,
both conditions perfectly resolve the Horizon and Flatness
problems, suggesting that Cosmic Inflation is the temporal
latency of a dimensional re-quantization event.
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Fig. 1. The transition from high-dimensional fidelity (11D) to the integer-
optimum economy (3D) drives the inflationary epoch.

E. Phase Transition: Computational Pressure and the Red Tilt

Crucially, the transition from Phase I to Phase II is seam-
less but thermodynamic. The “Computational Pressure” shifts
modes—from the geometric pressure of allocating cells (IV <
Np) to the entropic pressure of serializing data (N > Np).
While both phases remain vacuum-dominated (w ~ —1), the
shift from scaling to diffusion represents a relaxation of the
computational urgency. This slight decay in the vacuum energy
density (H <0) naturally predicts a deviation from perfect
scale invariance (ns < 1), consistent with the observed “Red
Tilt” in the primordial power spectrum (ns~ 0.96).

V. THE FRACTAL SCALING FACTOR (x)

If the Parity Constant (Np == 3 x 10”) represents a universal
computational threshold for stability, scale-invariant structure
formation governed by the geometric root of the Parity volume
should be observed. The Fractal Scaling Factor (x) is defined:

3N
x=1{/ =L ~894.7
47

To test this, the three fundamental phase transitions of
cosmology are examined: the nucleation of Vacuum (Planck
epoch), the nucleation of Matter (Electroweak epoch), and the
nucleation of Structure (Virialization epoch). In each regime,
the “Stable Structure” emerges at a scale exactly x times larger
than the fundamental interaction length of that domain.

(12)

TABLE II
THE UNIVERSAL SCALING OF STABLE STRUCTURES (x ~ 894)

Regime Interaction Length (¢) Stable Radius (¢ - x) | Emergent Structure
Vacuum | Planck Length (107" m) | ~1073% m Inflationary Horizon
Matter Weak Scale (1018 m) ~10715 m Proton Radius
Cosmos | Galactic Halo (102! m) ~10%* m Cosmic Web Cell

This hierarchy suggests that physical reality is constructed
via a recursive information conservation process. A Proton is

effectively a computationally saturated sphere of electroweak
information (¢,cqk - X), just as the primordial universe was a
saturated sphere of Planckian information (€pigner - X)-

VI. OBSERVATIONAL SIGNATURES

If the universe underwent a computational phase transition
from a high-dimensional continuum (D =11) to a quantized
Ternary grid (D = 3), specific artifacts of this compression
should be observable in the current epoch. Two primary
signatures of Quantization Noise are identified. Crucially,
this quantization affects the spatial geometry instantly, while
the entropic diffusion (Phase II) applies only to the internal
quantum numbers. Therefore, the gravitational seeds remain
“sharp” and non-Gaussian.

A. The Compression Artifact: Primordial Discretization Bias

Standard ACDM models assume that primordial density per-
turbations follow a Gaussian distribution (6 ~ 10~°). Structure
formation is therefore a slow, hierarchical process requiring
billions of years of gravitational collapse to achieve non-
linearity (§ ~ 1).

However, recent observations by JWST have identified mas-
sive galaxy candidates (M, >10'°M) at extreme redshifts
(z>10), a population density that is effectively impossible
in standard Gaussian models. This paper proposes that these
objects are Quantization Artifacts. When the universe tran-
sitions from the continuous M-Theory manifold (D =11) to
the discrete Ternary lattice (D = 3), the density field must be
quantized. This introduces a specific non-Gaussian component
known as Quantization Noise.

o The Discretization Mechanism: In a Ternary system,
continuous values are not preserved; they are “snapped”
to the nearest discrete state (—1,0,1). This creates a
discretization bias. Any region with a primordial den-
sity fluctuation slightly above the quantization threshold
(]6] > 0.5) is instantly promoted to a full integer state
(6] = 1).

Pternary((s) - Pgauss(d) * u(_A/27 A/2) (13)

Where the convolution with the Uniform quantization
error ({/) flattens the peak and widens the tails of the
distribution.

« Specific Predictions: Since the Ternary mechanism ini-
tializes structures at non-linear amplitudes (§ ~ 1), the
gravitational growth phase is bypassed entirely. The
appearance of luminous structures is therefore limited
only by the Hydrogen Cooling Time, with cooling time
teoor ~ 107 yr and redshift of z =2 50. This yields precise
observational bounds for next-generation radio astron-
omy:

1) The SKA Test (z ~20—27): While the Square
Kilometre Array (SKA) cannot reach the z=>50
horizon due to ionospheric cutoff (~50 MHz), it
will probe the epoch of z ~ 25. Standard cosmology
predicts a smooth, Gaussian universe at this redshift.
This model predicts the power spectrum at z == 25



will already exhibit a shot noise component charac-
teristic of discrete halos that formed earlier, at the
cooling limit.

2) The Lunar Test (z = 50): Verification of the
“Cooling Cliff” itself requires space-based interfer-
ometry (e.g., FARSIDE or LuSEE-Night) to bypass
the ionosphere. These missions are predicted to
detect a Heaviside step in the 21cm global signal
around 28 MHz, marking the instant quantization
of the first structures.

B. The Ternary Hum: Gravitational Wave Background

The Quantization Snap implies that spacetime is not con-
tinuous but discrete. While the fundamental frequency of the
lattice is Planckian (~ 10%® Hz), the Holographic Principle
implies that this microscopic discreteness must project onto
macroscopic scales as a transverse position uncertainty. A
stochastic gravitational wave background is predicted that acts
as a fundamental “noise floor” for the vacuum geometry.

o Spectral Distinction: Current observations by the
NANOGrav collaboration have detected a low-frequency
background consistent with Supermassive Black Hole Bi-
naries (SMBHBs). However, these astrophysical sources
produce a specific “Red” strain spectrum (h. o< f~2/3).
In contrast, the proposed “Ternary Hum” is a form of
quantization error, which mathematically manifests as
white noise (flat spectrum, h, oc f©).

« Specific Predictions: It is predicted that as gravitational
wave observatories push to higher sensitivities, they will
observe a deviation from the SMBHB power law.

1) The White Floor: At frequencies where the astro-
physical signal fades (f > 10~* Hz, the LISA band),
the strain sensitivity will hit a hard floor determined
by the bit-depth of the Ternary vacuum.

2) The Spectral Break: A “Knee” in the stochastic
background is predicted where the spectral index
shifts abruptly from =~ —2/3 (Black Hole domi-
nated) to o~ 0 (Quantization dominated). This flat-
spectrum component is the observational signature
of a universe with finite computational resolution.

VII. CONCLUSION

By reframing Inflation as a computational phase transition
rather than a thermodynamic expansion, the fine-tuning prob-
lem is resolved. The universe did not “choose” to be flat and
isotropic; it was mathematically constrained to the only stable
configuration capable of scaling beyond the Planck horizon
without informational collapse.

The abrupt termination of the inflationary epoch corre-
sponds to the logical erasure of pre-inflationary quantum infor-
mation from the macroscopic geometry. To preserve unitarity,
this information cannot be destroyed; rather, it is coarse-
grained and scrambled into the microscopic degrees of free-
dom of the 3D manifold. Following Landauer’s Principle, this
massive transfer of entropy out of the macroscopic state space
necessitates a release of thermal energy, which is identified as
the physical mechanism of Reheating.

Further work will demonstrate that the residual quantization
noise from this transition naturally recovers the Tully-Fisher
relation for galactic rotation [6] and provides a holographic
solution to the Cosmological Constant problem [/7].
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