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- The Geometry
of Information

A unified framework for |
emergent spacetime and
~ planetary-scale data fabrics. N B
Prepared for Critical Infrastructure & Defense Systems Architects ' f — #}
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\._ TACTICAL DATAVERSE
" THE COSMOS 2050 THE DATACENTER |
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The Physics Thesis: T i e S gy L = LM The Engineering Thesis:
Gravity is the hydrodynamic shadow I 0 oy S e Y s V0 g e Communication networks must be controlled
of optimized entanglement. T A e | SO R as adaptive information geometries. /

/

Both systems are high-dimensional, dynamically constrained information
structures. The laws that optimize spacetime are the exact laws required
to optimize planetary-scale Al compute fabrics.
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TACTICAL DATAVERSE

THE GRAVITY PARADIGM SHIFT: FAILED VS. EMERGENT

| yields Ultraviolet Divergences & Infinities. (Analogous to trying o
. to manage reactive, infinite edge telemetry without structure). extracted from optimized entanglement.
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The Classical Failure: Directly quantizing the metric *"‘ The TNQG Reversal: Geometry is an observable

s
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Gravity is not a fundamental force to be quantized.

It IS a coarse-grained observable—analogous to thermodynamic pressure in a gas.
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the configuration of information bonds |

between nodes.

Reality is reconstructed strictly from
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Tensors and bounded bond dimensions

replace infinite, continuous fields,
& bypassing mathematical divergences. ; L

. Finite State Space |
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TACTICAL DATAVERSE 2050

S, (Entanglement)

The drive to maximize
area-scaling and network
connectivity.

ne,t (Network Com plemty)

Computational pressure,
linked to the cosmological
constant.

topological insertions.

L ——
E . (Matter/ Exmtatmns)
The energy density of T #¢

The entropic inertia that .=
prevents chaotic rewiring }i% S
~and stabilizes the weave. |

..........

(Topology Regularlzer)

tnpn




THE GEOMETRY DICTIONARY: DISTANCE IS INVERSE TO ENTANGLEMENT CAPACITY.

TACTICAL DATAVERSE
2050

LOW BOND DIMENSION

f

N IN ADATA FABRIC, A
LINK'S DISTANCE IS
NOT ITS CABLE LENGTH.

STRONGER BONDS
LITERALLY PULL THE
FABRIC OF SPACE
CLOSER TOGETHER.

SINGULAR CLASSICAL
GEOMETRY IS

> REPLACED BY FINITE \§

| ENTANGLEMENT

CAPACITY.




THE DIAGNOSTIC MATRIX: BRIDGING PHYSIGS AND NETWORKING GEOMETRY

/(_ Physics Concept Shared Mathematical Object = Networking Implementation 3
Entanglement Entropy S, I(A:B) Te Ih?lwtitz:wen;:nr:iae ng &
Bond Dimension Xe EﬁECti‘T"r-”uEt"gcﬁgﬂCiW/
Curvature Cij (Entr{;)-;{— Hesslan) Congestion, Risk, or Policy Friction
‘ Minimal Surface YA (Max-lzl-c;-u;/ Min-cut) Network Bottleneck Cut
\\ Quantum Extremal Surface X* (Generalized Entropy) Resilience & Quarantine Bou@ |

By translating the variables, we upgrade modern data routing from a
reactive plumbing system into a predictive geometric control plane.




THE CRISIS OF SCALE

As Al factories and
telecommunications edge networks
scale, the joint

probability space of the system'’s
behavioral state becomes
exponentially large.

It is mathematically intractable for
standard commercial off-the-shelf
(COTS) hardware to hold, update, or
query this data in real time.

The result: reactive heuristics,
stranded compute, and destructive
network microbursts.




KDE-TENSOR TRAIN: GEOMETRIC DATA COMPRESSION FLOW

(Kernel Density Estimation)

o A
ERIEE /f_ ) 3. Result: Memory costs drop from
< “wC . 1Ingest: High-dimensional 2. Compress: Massive T intractable exponential O(n”d) to
4 % telemetry is normallzed into probabifity tensor decomposed - computable linear 0(d-n-r"2).
= 7<= continuous statistical density. into low-dimensional TT Cores., ‘ Extracting network geometry without
_ _J) materializing impossible data sets.
7
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cLassiFED - BOND DIMENSION: OPTIMAL NETWORK TOPOLOGY AND FLOW 2050

| Reliability Trust Score
Drivers of Closeness: J : |

Queue Pressure Jitter | Energy Cost Policy Friction

High jitter or low trust physically "lengthens” the path in information space.
The network becomes a topographic landscape defined purely by the flow of optimal capacity.




HOLOGRAPHIC ROUTING: PREDICTIVE GEODESIC FLOWS

7 g | — | = - N —

o
—&—@ O —0— 9@
SEVERE Il -
\ CONGESTION FEa s _ 1
@} {i[l\ 4? @ rrrrrrrr 1
““ %' Jm s | —= e

®
PR
T_ £
® !
ANAR)
|
|
I
T

® ® o == SEEw
) | | \ (( EEET= PREDICTIVE BYPASS A
,L FRICTION & LOSS Js=_o | & OPTIMIZATION
o— %+ e T
\'}K._. ot A _/ f h;\ A, s ,

The Predictive Tensor Control Plane (PTCP) senses the curvature of emerging bottlenecks in the

probability state and bends traffic along predictive geodesics before physical congestion materializes.




Quantum Extremal Surface
Quarantine Envelope

Topology-Native Security

Topological Defect
upgyct;ﬂrﬁﬁ:tuske- d || A cyberattack is a localized

deformation of the network's
\. probability geometry. /

Curvature is the measurable
response of the optimized
entanglement state.

[ The Topological Defect Score
identifies threats by geometric
anomalies:

- Anomaly scoring
- Graph-curvature diagnostics
- Cut-entropy changes

- Trust inconsistency

/4

autonomous defect isolation to preserve the broader manifold.

[ Defense is no longer about isolated firewalls; it is about




EEASSIFIED .' The Tactical Dataverse 2050

PREDICTIVE TENSOR CONTROL PLANE (PTCP):
AUTONOMOUS CLOSED-LOOP OPTIMIZATION & POLICY ENFORCEMENT

KDOE State ||

Density

Champion route
live traffic

Actuation

p ... Challenger route
g - ingquarantine

=
T
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}j' Geodesic Geometry
Routing - Map

W=

Predictive control without envelopes is dangerous. Autonomous optimization must fall within mathematical constraints:

1. Blast Radius: Limits scope of network changes.
2. Rate of Change: Prevents whiplash and routing loops.
3. Quarantined Learning: Challengers must satisfy all benchmark vectors before replacing the live state.




CLASSIFIED | THE TACTICAL DATAVERSE | 2050

PARADIGM SHIFT: TRADITIONAL vs. PTCP-TNQG ADAPTIVE GEOMETRY

TRADITIONAL NETWORKING PTCP-TNOQG NETWORKING
[STATIC GRAPHS) (ADAPTIVE GEOMETRY])

Predictive: Infers bottlenecks
from latent probability.

Reactive: Rgpn ds to fe
after they occu

Fluid: Distance is an emergent
property.

ty and K | Unified: Security is expressed
te tasks identically as topology preservation.

Manual: Relies on human-

Self-Correcting: Optimized via 7:"“,,
defined rules and ACLSs.

a variational TNQG action loop. IN9G)) " Looe

-
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Siloed: Compute, memory, Manifold: Compute, memory,

and network are @Eﬁfiﬁ“ﬂ | and data transport are

coupled coordinates.

THE TACTICAL DATAVERSE // MISSION BRIEFING // TOPOLOGY AS DEFENSE // 2050



CLASSIFIED | THE TACTICAL DATAVERSE | 2050 \\ . !

.
l Architectural Topology: Splitting cognitive load to ensure the mission fabric never starves

J)
_ //_ . = 7 aee————— T A — ==
) _\\\E = Technologies: I Role: g:n : _ /
C—] eBPF / XDP / tc. || Classify, tag, redirect, mirror, collect | f=——
;_ ;./1—'—':- i i_ - telemetry. Map updgt?s. . --T\\\-_-:
—:-'J.- e . — Y '&t—
: - —‘ ’7 - | -
JE Technologies: J i Role: d ;.
: _/f,__:_ SONlC/SAI/ ASIC / BlueField DOCA. ‘| |' Topology graph, geodesic computatlon - )
J f i 4 J L verifying policy, generatlnf; patches. | _\—\\ ‘“ &

Impact: Heavy reasoning pushed safely out of the data plane,
feeding validated intent into ASIC forwarding. J

h\ CLASSIFIED | THE TACTICAL DATAVERSE | 2050 /— —\
. THE TACTICAL DATAVERSE // MISSION BRIEFING /f TOPOLOGY AS DEFENSE // 2050




CIVILIAN POWER & INTEL
TRANSPORT GRID FABRICATION FACILITY

- //ﬁa" SEVERED

SEVERED \ i

THREAT OT-DB
(RANSOMWARE)

VERIFIED BYPASS ROUTE

i

PERATIONAL PROOF: ZERO-DOWNTIME CYBER QUARANTINE FOR INTEL FABRICATION.

Traditional SOAR platforms blindly sever subnets, causing self-inflicted Denial of Service. PTCP executes Boykov-Kolmogorov
minimum-cut algorithms to pinpoint zero-entanglement boundaries. It calculates the mathematically perfect surgical cut to
Isolate a ransomware threat while maintaining continuous operational flow in domestic semiconductor manufacturing.
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~ CLASSIFIED | THE TACTICAL DATAVERSE | 2080 N\ V/ ' \‘
March 2026 Barksdale UAS waves RISING SENSOR LOAD MISSION TEMPO AT RISK
N 4 —‘?——“ﬁ

WITHOUT CONTROL PLANE __ WITH PTCP-SARAHAI

B ——
el .

[The counter-UAS problem is no longer just a sensor problem; it is a network-control and data-prioritization problem.j

Bulk video crowds out track metadata. P1/P2 metadata gets the fast path.
Sensors overwhelm the optic nerve. (N The Common Operating Picture survives.

P\ CLASSIFIED | THE TACTICAL DATAVERSE | 2050

/ THE TACTICAL DATAVERSE // MISSION BRIEFING /f TOPOLOGY AS DEFENSE /f 2050 \




P1/P2
Fast Path

Delivered instantly to

(Track metadata, radar fusion,

Security Forces COP

camera slew)

— i—

1 P3
engine Slow Path

| fast path / slow path
tensor policy ;

(Evidentiary data, video segments,

Mirrored securely to
0SI evidence queue

chain-of-custody)

P4
Shaped Path

Archived and

rate-limited
(Bulk videa)

EOTS traffic is split by mission value, not just packet volume.
SARAHAI preserves signal under swarm conditions.

—
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GEODESIC, TOPOGRAPHIC MISSION ROUTING

SENSOR O
-:'. R et SENSOR 02 ; ' s
> geaney - - censonos 4 SEVERE CONGESTION
= _— 5 s s A\ THREAT DETEGTED
SENSOR 01~ --/{_ 3 fram & LATENCY SPIKE
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< SENSORGZ_ - <L T MISSION
- Ny OBJECTIVE
A\ N _ j
Weighted graph G(t): sensor nodes + ToR/DPU edges i = f,
+ mission policy + congestion + trust. ——

SARAHAI computes routes on a living graph rather
than relying on best-effort fabric behaviar, selecting

l geodesics that minimize latency, jitter, and risk.

—
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The force operates as a coupled macro-system,
not independent platforms.

l WARNING: Near-peer disruption exploits
these seams. A lacally healthy network
_ﬂ,{ can still fail the mission by delivering stale

or unauthenticated information. /
F |

| [ Critical Infrastructure '5\ .
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AUTONOMOUS OPERATIONS DEMAND BOUNDED
NETWORK INTENT, NOT UNCHECKED Al.

e

~ ||| PERMITTED FUNCTION || REQUIRED BOUND ||| RETAINED AUTHORITY |

. : Time-limited mission Use-of-force authorization
Cnntlngeedrlas;;grqnected envelope and PNT and engagement rules |
P : confidence. remain external. #
: : Calibrated evidence and Punitive response and
Recommend isolation. blast radius. legal determination. i-\

THE NETWORK MAY ROUTE OR REJECT A COMMUNICATION; “ I
IT MAY NOT SILENTLY EXPAND A PLATFORM’S MISSION AUTHORITY.

THE TACTICAL DATAVERSE // 2050 // MISSION BRIEFING // GOVERNANCE AS DEFENSE // 2050
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Ldeadline-misa ratios

p95: <250ms (OK)
p99: <300ms (OK)
Miss Ratio: 0.001%

| l_In-iletrit: 1: p95/p99 age of information and

Strict Latency
Deadline

L

J

Deadline-Miss

LATENCY

Ny
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Metric 2: Cryptographic inventory A
Lcumpleteness and silent downgrade resistance J

VERIFY

X
|

UNVERIFIED
PATHWAY
/ DETECTED
AUTHENTICATE ~ BLOCK
DOWNGRADE

Downgrade Attempts Blocked: 100%
Inventory Completeness: 99.9%

" 4

=
Metric 3: Bounded safe state and recovery
Ltirne during total isolation

L——a—\

RECOVERY TIME: 48s

ACTIVE SAFE J
ERROR STATE / »|  RECOVERY
ISOLATION STATE
RECOVERY TARGET: <60s

*‘ﬁ.ﬂm N

-

Success is measured by verifiable mission-thread completion under compound
degradation, not by unqualified claims of technological dominance.

. 4



THE TACTICAL DATAVERSE ROADMAP: INFRASTRUCTURE EVOLUTION 2026-2126

PHASE | [202B-2030)

SOFTWARE
OVERLAY.

PTCP logic layers atop legacy
OpenTeiemetry. Non-disruptive KDE
modeling via Champion/Challenger
loops.

PHASE Il (203D-2040)

DPU/SWITCH
AGENTS.

Edge calculation of Bond
Dimensions. Hardware natively

routes via Holographic Geodesics.

PHASE Il [2040-2080)

PHOTONIC/QUANTUM
CO-PROCESSORS.

Real-time variational TNQG
optimization. Area-cut consistency
dictates physical layer photonics.

PHASE IV (20BD-2126)

COMPUTATIONAL
GEOMETRY AS
INFRASTRUCTURE.

The planetary compute fabric
acts as a self-optimizing,
autonomous living geometry.



Information

self-optimizing.

Creates Geometry. ¥

By moving from the management of hardware components
to the management of the geometry of information, we unlcu:k
an infrastructure that is self-aware, self-healing, and ke

""
The future of networking is the future of applied physics.
Tensor Networks, Inc. | Mathematical precision for the Zero-Trust Enterprise.
————
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