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THE LOGISTICAL FRONTIER

THE EXABYTE ERA. Processing hundreds
of petabytes daily from global observatory
networks paralyzes classical point-to-
point routing (BGP, STANDARD SDN),
causing catastrophic packet loss and
hindering time-domain astronomy.

e

L

THE THEORETICAL FRONTIER

THE QUANTUM GAP. Modeling extreme
cosmic phenomena (BLACK HOLES,
EARLY-UNIVERSE COSMOLOGY) is
blocked by the fundamental
incompatibility of general relativity
and quantum mechanics.

ASTRONOMY REQUIRES A UNIFIED ARCHITECTURE TO BRIDGE
OBSERVATIONAL DATA LOGISTICS WITH FUNDAMENTAL PHYSICAL THEORY.




CONTROL PLANE

Domain:
Network Logistics &
Correlator Facilities.

Failing Mechanism:
Classical networks collapsing
under petabyte-scale
multi-modal telemetry.

Astronomical Impact:

Sync failure in Very Long Baseline
Interferometry (VLBI);

- =—-— jnability to capture “

TR

dadd -+
— I b4

transient events.

Ea=

-

SIMULATION PLANE

Domain:
Theoretical Astrophysics
& Cosmology.

Failing Mechanism:
Continuous general relativity
clashing with discrete quantum
mechanics.

Astronomical Impact:
Inability to accurately compute
Bekenstein-Hawking entropy or
~——_ model early-universe

~ coarse-graining.
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Predictive Tensor
Control Plane
[PTCP]

Revolutionizes the control
plane. Compresses observatory
telemetry and routes
interferometric data via
risk-aware optimal paths.

Julia Ochoa'’s
Frameworks

Tensor Networks: The shared

mathematical scaffolding treating
complex networks as emergent

1 properties of discrete nodes.

Tensor-Network
Quantum Gravity
[TNQG]

Revolutionizes the simulation
plane, An operational
reconstruction program modeling
spacetime as an emergent
property of quantum
entanglement.
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The Array Telemetry Burden

Global arrays (e.g., Event Horizon Telescope, Square Kilometre Array) generate relentless, multi-modal telemetry.
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' To maintain real-time awareness of global telescope health and data integrity, central
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L correlators must normalize these massive dimensionalities without memory overload. ZI




L]
-
L]
- L
] & 5
L] b "
L] 'I
L L ]
- - .'."' - . &
L = Y L ™ -
- ™ . - :
" - L - &
. "y - ol =2 'l-:- " . SR
L ”
i & - ".'llr Y
s FX -
- * = 8
- : . e
L] 2 :; L] ’ ': : &; '..?: .
- . » il - & «¥ 't'_- |
] -' .-‘ .'I'_ ‘..‘ ; T T L
: s =s% " Tg% ¢ ""I.I'-:"'.l'f-"f"
- o o Ta pomem % A
- ‘Il . - B s g ':.I w
- - & RPORY e BT T
S e -t i e
‘..'l- ‘ L . i _..‘1'— '!-a _"'-:1
- - & PNTRE ., '{-‘_‘q‘.‘;
. o o TC N SETN
™) s o F P L., “"
t. - L L R Y
. . S T R
™ L - . &l ‘.| :I ‘-3*" "d'
™ & L ] L a
L] & Ll # L r"' ." C#
. ] L™ - [ R |'I*.
| . % "'. s o " :.*_;.‘1:-
- - ‘L‘..r- -'.-_ "‘-'_'l"'
L ] & - 1 ll. '*""I- - L
= cams® Fray
L L ] :I- ’ 'i' -.._ £ €
- L -.I B --'.
. . ; L
? . oa "R
[ ] '. -' ot :-I-
" *as s - . * :-" i
- " a F *
L] L] ., ™
i = "
‘- - .
& -
L] -

Step 1: Ingestion.
Multi-modal array telemetry
s continuously captured.

& tensor.

PTCP maps the chaotic
variables into a unified,
normalized probability

POL-TT Boundary

Step 2: Normalization.

r gk,
e
. & i-'lr.h -F

)

. -

Step 3: Bounded
Compression. Dimensionality
is compressed with bounded
internal ranks 1, < 14y

- Pattern-of-Life Tensor Trains (POL-TT)

e

‘ The Result:

becomes

Achieves a hyper-
efficient memory
footprint of O (dnr?).
The massive array

computationally
lightweight and
real-time accessible.
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The VLBI Synchronization Imperative

Core Concept: Very Long Baseline Interferometry (VLBI) synthesizes geographically
Isolated telescopes into an Earth-sized antenna. |

B

The Vulnerability: Perfect synchronization is thta-—1
lifeblood of VLBI. If a connection lags or a data
packet drops, the subsequent fringe fitting fails,
corrupting the observation.

p— ==

N

R
| ‘I_ . . : R
. || The Classical Failure: Standard routing (shortest

‘| into trans-oceanic fiber bottlenecks, guaranteeing
i t

h ail-end congestion and packet loss.

path) blind-routes massive data streams straight
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GEODESIC DATA ROUTING: Risk-Aware Pathing for VLBI Synchronization

Standard Routing: Instantaneous Shortest Path (High Risk of Fringe Fitting Failure)

L D o ‘\:" 1 rF g

DATA CENTER [ o B o DATA CENTER
= 1 _ e of Wt o EE
= .,...fﬁﬂﬁﬁa_x =5

[~ CONGESTION BOTTLENECK
(TAIL-END RTSK)

DATA CENTER
=2

ROUTE: SHORTEST PATH (PHYSICAL DISTANCE).
RISK: HIGH (CATASAULTIC CONGESTION).
SYNCHRONIZATION: FAILURE.

[ ST

DATA CENTER INFORMATION-GEOMETRIC PATH

(MINIMIZED RISK)

ROUTE: GEODESIC PATH (INFORMATION GEOMETRY).
RISK: MINIMAL (CVaR OPTIMLZED).
SYNCHRONIZATION: GUARANTEED (ZERO-JITTER).

PTCP Geodesic Routing: Risk-Aware Geodesic Path (Guaranteed Synchronization)

' TERMINAL

CVaR OPTIMIZATION N

(TECHNICAL INSIGHT)

PTCP uses Conditional
Value-at-Risk to minimize
the probability of
catastrophic, tail-end
network congestion,
ensuring reliable data
transport for fringe
fitting.

=]

|

L
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INFORMATION-GEOMETRIC N

LINK LENGTH
(METRIC TRANSFORMATION)

Transforms standard
Link metrics into
dimensionless lengths
to find mathematically
optimal, zero-jitter
risk paths, avoiding
unpredictable delays.
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Transient Event Detection via Topo-Defect Scoring

e
MECHANISM:

OUTCOME:

PTCP continuously calculates a

| : PTCP instantly flags these
topological defect score (Deﬂpn) to detect ASTRONOMICAL APPLICATION:

"topological defects,” bypassing human

graph-curvature gradients (typically used Sudden Fast Radio Bursts (FRBs) or latency to trigger automated follow-up

for network anomalies). multi-messenger gravitational wave observations by global telescopes
events manifest as massive deformations before the transient event fades.

By applying this logic to the data in the telemetry stream itself,

stream itself, sudden variations are distorting the otherwise smooth data This ensures rapid response to fleeting

immediately quantified. manifold into a topological defect. cosmic phenomena.



the

Governing
Simulation Plane

TNQG for Theoretical Astrophysics

STATUS: INITIATING OPERATIONAL

RECONSTRUCTION OF SPACETIME...



The Operational Reconstruction Program

N B =
Stage 1: Discrete Stage 2. Tensor-Network Stage 3: Semiclassical

Quantum Networks Entanglement Continuum Geometry

The fundamental layer of

quantum mechanics Complex interdependencies form. Spacetime emerges.

B o B

.,

Key Insight: TNQG bypasses the need for a full string-theoretic proof by directly extracting
robust, computable macroscopic geometries from discrete quantum entanglement.
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Simulating Black Hole Entanglement & Entropy

o - I =
The Proposition: TNQG posits Y. i S — X _. The Computational Lattice: f:
that the area of a surface is I 4 ~NoN " ~Instead of struggling with infinite
directly proportional to its ' continuous variables, astronomers
entanglement capacity. i ( /, \\_ \ \ are provided a discrete lattice.

- S YA r/ WA 5

- & Iealya) = 4lp Se =
b

The Result: Bekenstein-Hawking entropy scaling can be
computed directly from these discrete cut capacities.
ey =



Validating Holographic Models

-

lterative
Validation

= = =

Simulation Plane (TNQG Prediction)

The Feedback Loop:

TNQG is not just pure theory—it
acts as a computationally
accessible sandbox.

Observational Integration:

As facilities like the Event Horizon Telescope
(EHT) capture new imaging data, astronomers
can continuously run TNQG algorithms against
the incoming data streams.

Empirical Plane (EHT Observation)

The Goal:

Validating emerging holographic
universe models against empirical
event horizon telemetry.



Cosmo Cosmological Coarse-Graining

LIETH Y | ]

The Mystery: How did microscopic The Mathematical Bridge: TNQG's third Modern Context: This explains the
quantum fluctuations expand into the assumption—Controlled Coarse-Graining. emergence of the smooth spacetime
macroscopic cosmic webs we see today? By establishing a sequence of optimized geometry actively observed by
tensor ensembles where a/¢ — 0, instruments like the JWST.

astronomers can computationally
simulate the early universe's expansion.

-
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STATUS: SYNTHESIS COMPLETE.
ARCHITECTURE UNIFIED.
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CROSS-DISCIPLINARY TRANSLATION MATRIX

SHARED FRAMEWORK NETWORKING ASTRONOMICAL APPLICATION ’
CONCEPT APPLICATION (PTCP) (TNQG / OBSERVATORIES) |
T : Compressing global network Compressing multi-modal
Tensor=Train Compression telemetry (POL-TT). interferometry data from telescope arrays.
: : Finding risk-averse paths for Ensuring lossless, zero-jitter
Geoaesic Routing data packets. synchronization of VLBI correlator data.
| : Detecting cyberattacks or Detecting transient cosmic events
Graph Curvature Anomalies physical node failure. (FRBs) / Simulating matter in spacetime.
| |
| | N e e Defining autumated.netwurk Computing the entangler_nent entropy |
[ quarantine boundaries. of a black hole event horizon. L
L J

Network engineering and quantum astrophysics
| now share the exact same mathematics. |




The Holographic Observatory
Architecture

Radio Telescope with
Optical fiber precision
and laser interferometry
|

Operational reconstruction algorithms
consume that data to simulate the
quantum nature of the extreme cosmos.

The Conclusion:

Together, PTCP and
TNQG eliminate the
bottleneck and the
barrier, providing the
astronomical
community with the
definitive framework
for the next century of
discovery.

. THE LOGISTICAL BACKBONE (PTCP):
Predictive tensor routing

handles the exabyte-era data
streams, ensuring perfect

global synchronization and
transient detection.
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THE SIMULATION SANDBOX (TNQG): / ‘*:'j';,- e .-

Observational logistics and fundamental physics are no longer separate
disciplines. They are two halves of the Holographic Observatory.




