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The tactical paradigm shift from static administration to topology-native management

Traditional routing protocols evaluate networks via low-dimensional link costs. The integrati:j—ﬁ of
the Predictive Tensor Control Plane (PTCP) and Tensor-Network Quantum Gravity (TNQG)

translates massive, chaotic telemetry into a normalized, geometric topology. )
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Bounded-memory oversight
for thousands of assets

Latency Reduction

Risk-aware, predictive
routing in volatile theaters

Swarm Mitigation

Curvature-based detection
of multi-directional attacks



Hyper-dynamic combat scenarios generate paralyzing multi-modal telemetry.
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Classical routing protocols react locally to a fraction of these variables. Relying on isolated
scalar counters in a contested environment leads to fatal latency and blind spots.




Resolving the telemetry crisis: Classical vs. Predictive Architecture
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Classical Routing

Independent scalar counters
and low-dimensional costs.

Reactive, instantaneous
link weight updates.

Perimeter defense and
static firewalls.

Calculates physical
spacetime or hop distance.
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PTCP Architecture

Models joint telemetry as a

compressed probability tensor.
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Receding-horizon predictive

Value-at-Risk (CVaR).

modeling and Conditional __.. >

—

Topology-native, curvature-

based network defect scoring.
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Routes along an information-
geometric geodesic (the
minimum-risk path).
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Translating theoretical physics into lethal tactical advantage.

Theoretical Quantum
Gravity (TNQG)

= - Predictive Network
& A Control (PTCP)
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Maps multi-modal \
telemetry into a ‘ "-'
dimensionless log-capacity
score, translating data into

* physical network shape.

Continuum geometry
. emerges from discrete
-+ tensor-network

| The Holographlc %
Infrastructure
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The Synthesis: Just as quantum gravity derives physical distance from inverse entanglement capacity,

PTCP derives network routing paths by calculating the geometric shape of the infrastructure under stress.
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The Tactical Translation Matrix: From Theory to Application.

[ |
Theoretical Concept PTCP Equivalent Defense Application
1 | |
. Dimensionless Log-Capacity Determining baseline reliability and
EEELEnEE Cpecks) Score bandwidth of a tactical datalink.
: Calculating the lowest-latency route
Ll DUsiEnee Erfpecined] ety (best for critical Command and Control data.
Identifying EW or kinetic node
Stress-Energy Tensor Network Defect / Cyberattack destruction via topology deformation
-~ e sl =
: Forman-Ricci / Ollivier-Ricci Detecting the exact perimeter of a
DISCECLCRCUEVatULS Curvature multi-directional UAV swarm.
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Establishing blast-radius boundaries
to quarantine drone nodes safely. |
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Area-Cut Consistency Cut Conductance Shifts



Holographic routing compresses high-dimensional chaos into low-dimensional paths.

* The Output: Complex network states are —
Reig i / summarized entirely by low-dimensional

— e —

-e The Input: Massive multi-modal
telemetry variables are processed
simultaneously.

The Lens: The Pattern-of-Life Tensor Train
(PoL-TT) density model bounds memory
and estimates normal operating behavior.

—e The Output: Complex network states are
summarized entirely by low-dimensional
routing paths and minimal cuts.



C2 Optimization: High-fidelity oversight via the
Pattern-of-Life Tensor Train (PoL-TT)
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Maintaining a single operating picture
of massive drone fleets usually requires
exponential memory scaling.
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The PTCP Advantage:
The bounded-rank PoL-TT density model
stores and queries the global telemetry
state of thousands of distributed assets
in compressed polynomial space,
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Strategic Outcome: Centralized C2
maintains total situational awareness
using minimal compute resources at
the tactical edge.
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In autonomous defense networks, latency is a loss of lethality and survivability.
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I MECHANISM 1. PROACTIVE CONGESTION AVOIDANCE

PTCP projects where network congestion will occur using
learned transition models. It routes critical C2 traffic along
the predicted geodesic before local buffers fill.
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I MECHANISM 2: RISK-AWARE ROUTING

Rather than reacting to instantaneous link weights, PTCP
evaluates multiple forecasted scenarios and selects routes
by minimizing expected path length plus Conditional Value-
at-Risk (CVaR), ensuring tail-risk anomalies are avoided.
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Trust-Weighted Distance: Warping the network map around threats.

Core Concept » e
The information-geometric link metric
normalizes telemetry into a dimensionless
score. High trust and high bandwidth —— | -
physically shorten a link in the routing table, . = =

Al I-High Trust /
-~ i(e) High Bandwidth

( - B Low Trust / High Jitter
The Threat Response > o _ (4 / P A
Variables like severe jitter, packet loss, 4 S *’ /
or compromised trust markers lengthen g [

the link exponentially. f b

Tactical Guarantee »> m = | 7 ‘
Time-sensitive targeting data is . | |

mathematically repelled from traversing
any node exhibiting anomalous latency
or compromised endpoint posture.
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The anatomy of a multi-directional UAV swarm attack

Vector 1 (Kinetic): Vector 2 (Electronic Warfare):

s eﬁ Localized RF jamming and
forward routing nodes. / r 5 spectrum denial.

x —

‘L Vector 3 (Cyber):

Route leaks, credential theft,
and endpoint compromise.

Threat Profile
~ Coordinated swarm attacks do not rely on a single vector. They weaponize network complexity by striking simultaneously across domains.
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' The PTCP Solution \ |
N PTCP ignores the individual attack vectors and instead monitors the unified deformation of the network geometry caused by the swarm'’s stress on the system.




Curvature-Based Detection: Viewing attacks as topology deformation.
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Just as quantum gravity translates The control plane utilizes discrete . Localized jamming or node destruction
stress-energy into curvature observables, graph-curvature estimators—specifically manifests instantly as a massive gradient
PTCP views an attack as a physical Forman-Ricci and Ollivier-Ricci curvature. in network curvature, accurately outlining

deformation of the telemetry distribution. the perimeter of the swarm attack.



Calculating the Threat: The Topological Defect Score

11nput 1: Anomaly Likelihood
Deviations from the baseline

" —
PoL-TT density model. ___‘H7QT
: |

i'In|:|ut 2: Curvature Gradients

Sudden spikes in Forman-Ricci
or Ollivier-Ricci geometric
graph curvature.

rInput 3: Cut Capacity Shifts

Sudden drops in the network's
area-cut conductance (measuring
blast-radius constraints).

defect score, instantly mapping jammed or
compromised units as topological anomalies
within the mesh.

;-}he Output: These inputs fuse to calculate the-qh




Automated Containment and the Safe Policy Envelope.

r1. The Trigger

When a severe gradient in curvature
is detected, PTCP triggers a bounded
security action.

2. Unconstrained Proposal

' The system initially calculates the

optimal traffic drain or network
segmentation to isolate the defect. .

EyS. The Policy Envelope

' To prevent self-denial of service, this
action is mathematically projected into
a strict safety envelope. Constraints
include maximum blast-radius limits,
minimum service availability, and
rollback requirements.

Safe Policy
» , Envelope
‘-.\

Operating Network

=

‘ '4. OQutcome

The compromised flank is dynamically severed from the-}

routing table, maintaining overall swarm cohesion and
‘| survivability.




Seamless integration via Shadow Mode deployment.
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Shadow Mode -

e,

PTCP Analytics Service

:ﬂ.ﬁhgt ¥

weights and labels T

-

Existing Control Plane
(BGP, OSPF, SDN)

! Architecture Agnostic } Safe Deployment

- Engineered for zero-risk integration, PTCP initiates
in Shadow Mode. It predicts, scores, and compares

recommendations, and anomaly diagnostics to decisions against production routes silently, allowing

existing SDN or zero-trust systems. command to verify error rates and evaluate tail-risk

| l robustness before authorizing automated actuation.

PTCP is a predictive overlay, not a replacement
protocol. It publishes route weights, quarantine

|'..____ e




Multiplying the capabilities of centralized command platforms.

Platform Integration: Anduril Lattice

Coardinate
15818- 454 - Ga. 03

The Challenge: Lattice fuses sensor data from distributed

assets into a single operating picture, demanding immense scale. | ./,

The PTCP Upgrade: By utilizing the bounded-rank PoL-TT
density model, Lattice can query the global telemetry state of
massive drone fleets in compressed polynomial space.

The Advantage: Maintains high-fidelity oversight over
thousands of endpoints with minimal on-board compute
requirements.
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Preserving swarm cohesion in GPS-denied, contested environments.

Case Study: ShieldAl (Hivemind)

The Challenge:

Hivemind drone swarms must form ad-hoc
mesh networks when navigating without GPS
or direct comms in highly jammed theaters.

L |
r =1

The PTCP Upgrade:

Provides a topology-native security layer that
continuously runs discrete curvature
estimations across the swarm'’s links.
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The Advantage:

Instantly maps jammed or compromised
drones as high-curvature defects, dynamically
severing them to prevent systemic failure and
preserving overall mission cohesion.
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The Synthesis: The Holographic Battlefield

The Summit Insight: The Holographic Defense Infrastructure does not just

react to the battlefield—it predicts its physical shape, ensuring algorithmic
superiority in the most volatile theaters on earth.
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Optimizes C2 latency, guarantees trust-weighted
paths, and isolates multi-directional swarms.

(Pillar 2: PTCP Architecture w

Compresses hyper-dimensional telemetry
into risk-aware, predictive routing maps.

(Pillar 1: TNQG Physics

Translates stress-energy and entanglement
into geometric topology.




