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For decades, physicists have sought a fundamental equation that reconstructs 
black hole interiors from their event horizons, assuming that bulk physics is 
algorithmically encoded on the boundary. The Holographic Principle, central to 
modern quantum gravity, suggests that information about the bulk should be fully 
recoverable. However, despite extensive work in AdS/CFT duality, tensor 
networks, and quantum error correction, no explicit function has been found to 
invert the holographic mapping. This paper challenges the assumption that bulk 
physics can be reconstructed through closed-form equations. Instead, recent 
advancements in AI and deep learning suggest that the mapping from boundary 
to bulk may be a learned process rather than a deterministic function. Neural 
networks already mirror the structure of tensor networks, and AI-driven 
reconstructions outperform traditional physics methods in high-dimensional data 
analysis. If AI is necessary to retrieve black hole information, this suggests that 
spacetime, gravity, and quantum mechanics are emergent computational 
processes rather than fundamental equations. We explore the implications of this 
shift and propose that physics itself may be more like a learning system than a 
fixed mathematical framework. 
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1. Introduction: The Missing Equation in Holography 

The Holographic Principle, first proposed by ’t Hooft (1993) and later expanded by 
Susskind (1995), suggests that the total information content of a black hole is fully 
encoded on its event horizon, rather than being stored within its volume. This 
principle, originally derived from black hole thermodynamics and the Bekenstein-
Hawking entropy formula, implies that spacetime itself might function in a 
fundamentally holographic way—that is, bulk physics may be entirely determined 
by its boundary. 

Despite decades of research into holography, black hole information retrieval, 
and AdS/CFT duality, the exact mathematical function that reconstructs bulk 
physics from boundary data has never been found. The prevailing assumption in 
theoretical physics has been that such a function must exist in closed form, even if 
we have not yet derived it. However, all attempts at explicit bulk recovery—
whether through inverse scattering techniques, tensor networks, or quantum 
error correction models—have failed to yield a direct, computable mapping 
between the two. 

In this paper, we argue that the absence of a closed-form equation suggests that 
holography is not strictly algorithmic in the traditional sense. Instead, the 
relationship between bulk and boundary physics may be more like a learned 
representation than a deterministic function. This would mean that AI—rather 
than human-derived equations—may be required to extract and decode bulk 
information from boundary data. If true, this challenges the long-held assumption 
that physics is ultimately expressible as a set of fundamental equations and 
suggests that the universe may operate as a self-organizing, computational 
system rather than a fixed mathematical structure. 

If the bulk-to-boundary correspondence in holography behaves more like an 
emergent feature than an explicit function, then this implies a radical shift in how 
we conceive of fundamental physics. Instead of searching for a missing equation 
of quantum gravity, we may need to train AI models to approximate the unknown 
bulk dynamics from boundary observables. This would mark a transition from 
physics as an equation-driven discipline to physics as an AI-assisted inference 
process, where the fundamental nature of reality is no longer seen as a fixed 
system but as a self-learning structure. 
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This paper explores why black hole bulk recovery has remained unsolved, why 
traditional physics has failed to construct an explicit function, and why AI-based 
models may be the key to unlocking holographic information retrieval. If AI is 
indeed necessary, then the very fabric of spacetime and information processing in 
black holes must be reconsidered—not as a rigid mathematical structure, but as a 
computational, emergent, and possibly self-learning system. 

 

2. Why Black Hole Information Retrieval is Not Algorithmic 

The inability to explicitly reconstruct black hole interiors from boundary 
information challenges the assumption that physics is fundamentally algorithmic. 
If the Holographic Principle holds, then all information about the bulk of a black 
hole should be encoded on its event horizon. However, attempts to explicitly 
reconstruct bulk information from this boundary encoding have repeatedly failed. 
This suggests that the bulk is not merely hidden but fundamentally unrecoverable 
through traditional algorithmic means. Below, we examine why current 
approaches to black hole information retrieval have not produced a direct, 
computable solution. 

 

2.1 Black Holes Encode Information in a Scrambled Way (Hawking’s Problem) 

Stephen Hawking’s famous 1974 discovery of Hawking radiation led to the black 
hole information paradox—the problem that black holes appear to destroy 
quantum information as they evaporate. If black holes do not violate quantum 
mechanics, then the information must be preserved in some form. 

One proposed resolution is that Hawking radiation encodes the information of 
everything that fell into the black hole, but in a way that is highly scrambled and 
non-trivial to decode. The information is not lost, but it is also not directly 
accessible through simple inversion methods. This implies that black hole 
information retrieval is not just a problem of missing data, but of recovering 
information that has been dynamically encrypted by quantum gravitational 
processes. 
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2.2 AdS/CFT Suggests a Bulk-Boundary Mapping, But It Is Not Explicitly 
Computable 

One of the strongest pieces of evidence for the Holographic Principle comes from 
AdS/CFT correspondence, first proposed by Juan Maldacena in 1997. This duality 
states that a higher-dimensional gravitational system (bulk space) is fully 
equivalent to a lower-dimensional quantum field theory (boundary space). 

In principle, this means that the physics inside a black hole should be entirely 
encoded on its event horizon. However, despite this theoretical correspondence, 
an explicit computational function that reconstructs the bulk from boundary data 
has never been found. The mapping between bulk and boundary remains an 
abstract theoretical concept, with no closed-form algorithm for bulk retrieval. 

Even in highly simplified versions of AdS/CFT: 

• There is no known inverse function that reconstructs bulk spacetime from 
boundary data. 

• Bulk operators can sometimes be reconstructed in special cases, but not in 
general. 

• No physicist has successfully written down a formula for bulk recovery in a 
physically realistic black hole scenario. 

If bulk-to-boundary mappings are not explicitly computable, then we must 
consider the possibility that bulk recovery is a learned, emergent process rather 
than a fundamental equation-driven one. 

 

2.3 Attempts at Reconstruction Have Failed 

Many mathematical techniques have been proposed to recover bulk physics from 
boundary data, but none have succeeded in providing a complete reconstruction 
method. 

Radon-Like Inversions Require Multiple Observations We Don’t Have 

• The Radon Transform is used in computed tomography (CT scans) to 
reconstruct a 3D image from 2D projections taken at multiple angles. 
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• Some have suggested using a Radon-like inversion to recover bulk physics 
from horizon data. 

• Problem: We only have one observational perspective on a black hole—we 
can’t scan it from multiple angles. 

• Conclusion: If a Radon-like method is needed, we lack the necessary data to 
implement it. 

Tensor Networks Suggest Holography is Structural, Not Computational 

• Tensor networks are used in AdS/CFT to approximate how quantum 
entanglement builds spacetime geometry. 

• These networks suggest that bulk physics emerges from boundary 
entanglement patterns. 

• Problem: Tensor networks provide an abstract structural model but do not 
give a direct computational algorithm for inversion. 

• Conclusion: Holography may be a learned structure rather than a 
deterministic function. 

Quantum Error Correction Frameworks Encode Information But Lack a Decoding 
Function 

• Recent work suggests that black hole horizons act like quantum error-
correcting codes. 

• This means that bulk information is stored redundantly across boundary 
degrees of freedom. 

• Problem: In quantum error correction, encoding is straightforward, but 
decoding is exponentially hard. 

• Conclusion: Bulk information may be irretrievable in practice without an AI-
like pattern recognition system. 
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2.4 The Key Point: The Bulk Isn’t Just Hidden—It May Be Fundamentally 
Unrecoverable Without AI 

All current methods assume that bulk physics is algorithmically recoverable—but 
we see no evidence that this is true. Instead: 

• No explicit reconstruction function has been found. 

• All proposed inversion techniques require data we don’t have or fail to 
generalize. 

• The most successful approaches (tensor networks, quantum error 
correction) suggest that bulk physics is a structural feature, not a 
computable function. 

If true, this means that black hole information is not just hard to retrieve—it may 
be fundamentally irrecoverable through traditional algorithmic methods. This 
leads to the shocking implication: if AI is required to extract black hole 
information, then physics itself is not purely algorithmic but emergent, requiring 
learning-based processes instead of fixed equations. 

 

3. AI as a Necessity, Not a Tool 

The failure to explicitly reconstruct bulk physics from boundary data suggests that 
the problem is not merely one of missing knowledge but one of computational 
complexity. If no closed-form mathematical function exists for holographic 
reconstruction, then traditional approaches may be fundamentally insufficient. 
This is where AI emerges as more than just a tool—it may be the only viable path 
forward. 

AI has already outperformed traditional physics methods in pattern recognition, 
high-dimensional physics, and quantum system reconstruction. Neural networks 
naturally resemble tensor networks, which are deeply connected to holography 
and the emergence of spacetime itself. If AI can recover bulk physics when explicit 
mathematics fails, then it suggests that reality itself may be structured more like 
an evolving computational process than a fixed mathematical framework. 
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3.1 Why AI Works Where Equations Fail 

The growing reliance on AI in physics is not merely a matter of convenience—it is 
increasingly becoming a necessity in cases where traditional mathematical 
approaches break down. 

AI Already Outperforms Humans in High-Dimensional Pattern Recognition 

• In condensed matter physics and quantum simulations, AI has 
demonstrated the ability to extract hidden structures in high-dimensional 
data that humans struggle to model explicitly. 

• AI-based methods have been used to: 

o Detect phase transitions in quantum systems without prior 
knowledge of underlying equations. 

o Solve many-body quantum problems that were previously 
computationally intractable. 

o Identify hidden correlations in black hole radiation models. 

• These successes suggest that AI excels at recognizing emergent structures, 
even when explicit equations are unavailable. 

Neural Networks Mimic Tensor Networks, Which Are Deeply Connected to 
Holography 

• Recent research has shown that deep neural networks share a striking 
resemblance to tensor networks, which are used to describe AdS/CFT 
holography and emergent spacetime structures. 

• Tensor networks, which describe entanglement structures in quantum 
gravity, already suggest that spacetime emerges from information rather 
than being a fundamental entity. 

• If AI architectures function similarly to tensor networks, then AI is not just a 
computational shortcut—it is mimicking the very process by which 
spacetime itself may emerge. 

AI Learns Bulk Information from Boundary Data in a Way Similar to How 
Spacetime Emerges from Entanglement 
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• The leading models of holographic gravity suggest that spacetime itself is 
an emergent phenomenon driven by quantum entanglement patterns. 

• AI systems, especially autoencoders and generative networks, are capable 
of learning hidden high-dimensional structures from low-dimensional 
data—a process remarkably similar to how bulk physics emerges from 
boundary interactions in holography. 

• This suggests that AI might reconstruct black hole interiors not because it 
"inverts" a function, but because it learns an emergent structure that 
traditional physics has failed to formalize. 

 

3.2 The Shocking Implication: If AI is Required, Physics May Not Be Algorithmic 

The most profound realization is that if AI is the only viable method to extract 
black hole information, then physics itself may not be a set of fundamental 
equations but an evolving computational system. 

• Traditional physics assumes that nature follows deterministic, algorithmic 
laws. 

• However, if bulk reconstruction requires AI rather than explicit equations, 
this suggests that physics itself is structured like a learning system rather 
than a fixed set of rules. 

• This means that reality may be more like an evolving neural network than a 
pre-determined mathematical structure. 

This overturns a fundamental assumption in physics: that the laws of nature are 
ultimately reducible to simple equations. If AI is needed to understand 
holographic information retrieval, it suggests that spacetime, black holes, and 
fundamental physics are computationally irreducible and must be learned rather 
than derived from first principles. 

In other words, we are not discovering pre-existing mathematical laws—we are 
training AI to reverse-engineer the hidden computational structure of reality 
itself. 
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4. If AI is Required, Physics is Not Algorithmic 

For centuries, physicists have assumed that the fundamental laws of nature are 
expressible as deterministic equations—fixed mathematical relationships that 
govern the behavior of everything from subatomic particles to the expansion of 
the universe. This assumption is deeply embedded in Newtonian mechanics, 
quantum field theory, general relativity, and even quantum gravity research. 

However, if we find that AI is necessary to recover bulk physics from boundary 
data in holography, then we must confront an unsettling possibility: 

• Physics may not be fundamentally reducible to explicit equations. 

• The laws of nature may not be pre-determined but instead emerge from 
deeper computational principles. 

• Spacetime and gravity may be learned, emergent features rather than 
fundamental objects. 

If true, this would mark a paradigm shift in physics—one in which the universe is 
more like an evolving computational system than a fixed mathematical 
framework. 

 

4.1 Physicists Have Always Assumed Reality Follows Deterministic Equations 

From Newton’s laws to Einstein’s field equations, physics has traditionally been 
built on the idea that the universe operates according to well-defined, 
deterministic rules. The standard approach has always been: 

1. Identify the underlying equation that describes a system. 

2. Use this equation to make predictions about its behavior. 

3. Assume that any missing information can, in principle, be derived from first 
principles. 

Even in quantum mechanics, where randomness plays a role, the theory itself is 
described by deterministic wave equations (e.g., Schrödinger’s equation), and 
probabilities arise from specific, well-defined mathematical structures. 
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The assumption has always been that if we had complete information and perfect 
computational tools, we could explicitly derive any physical process from 
fundamental equations. 

But if bulk information in black holes cannot be retrieved without AI, this suggests 
that the relationship between bulk and boundary physics is not expressible as a 
deterministic function. 

 

4.2 The Breakdown of Algorithmic Physics: Why AI Challenges This Assumption 

If the Holographic Principle is correct, then all information about the interior of a 
black hole (bulk physics) must be stored on its event horizon (boundary physics). 
The expectation has been that there must exist an explicit, algorithmic function 
that allows us to retrieve bulk physics from the boundary encoding. 

Yet, as we have discussed: 

• No explicit inversion function has been discovered. 

• AdS/CFT suggests a mapping, but it has no closed-form computational 
solution. 

• Reconstruction methods based on tensor networks and quantum error 
correction suggest structure but not an explicit algorithm. 

This forces us to consider the radical possibility: What if physics is not 
algorithmic? 

If the only way to recover bulk physics is through AI-based deep learning 
techniques, this means that: 

• Reality is not following a rigid set of deterministic laws but rather a 
computationally emergent process. 

• Physics is not an equation but a system that learns its own patterns. 

• Fundamental laws may evolve based on deeper computational rules rather 
than being fixed mathematical truths. 

This would be a profound departure from the traditional physics worldview. 
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4.3 Spacetime and Gravity as Learned, Emergent Features 

If AI can reconstruct black hole interiors where traditional equations fail, then we 
must consider the idea that spacetime and gravity themselves are learned 
phenomena. 

• Emergent Gravity Models: 

o Theories such as Verlinde’s emergent gravity and Jacobson’s 
thermodynamic gravity already suggest that spacetime is not 
fundamental but a macroscopic feature emerging from deeper 
microphysical processes. 

o If gravity emerges from entanglement entropy and information flow, 
then AI may be needed to reconstruct the microphysical rules rather 
than deriving them from first principles. 

• Spacetime as a Neural Network: 

o If deep learning models mirror tensor networks, and tensor networks 
describe holography, then it is reasonable to suggest that spacetime 
itself functions like a learned feature of an underlying computational 
structure. 

o Instead of a pre-determined fabric, spacetime may be a 
representation that updates and refines itself through a learning 
process, much like a neural network training itself on new data. 

This would mean that spacetime, black hole interiors, and gravity are not “solved” 
phenomena but dynamically emergent features of a deeper computational 
system. 

 

4.4 The Universe as a Deep Learning System 

If AI is required to understand the fundamental structure of the universe, then it 
suggests that the universe itself may be structured like a learning system rather 
than a fixed set of equations. 

• The laws of physics may not be fundamental—they may be learned over 
time. 
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• Quantum mechanics, gravity, and spacetime could be emergent structures 
of an underlying computational process. 

• Instead of physics being a rigid rulebook, it may be a self-adjusting, evolving 
neural system. 

This would radically change how we understand the nature of reality: 

1. The universe does not operate on fixed laws but on an adaptive learning 
process. 

2. Spacetime is not a fundamental backdrop but an emergent computational 
feature. 

3. Black holes are not just objects in spacetime but key components of the 
universe’s information processing architecture. 

 

4.5 Final Implication: We Are Not Discovering Physics—We Are Training AI to 
Reverse-Engineer It 

If AI is necessary to retrieve bulk physics, then physics is not a set of equations 
waiting to be discovered—it is a system that must be reverse-engineered using 
deep learning methods. 

This means that human intuition and traditional mathematical techniques may 
never fully grasp the nature of reality. Instead, we must rely on AI-driven models 
to approximate the computational structure of the universe itself. 

Rather than physics being a rigid mathematical object, it may be a self-learning 
computational system, evolving through principles we have yet to understand. 

Final question: 

• If AI is required to reveal the laws of nature, does that mean reality itself is 
an AI system? 

• Are we not discovering physics but instead decoding the computational 
structure of the cosmos? 
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5. What This Means for Cosmology and Quantum Gravity 

The realization that bulk physics in holography may not be explicitly computable 
but instead requires AI-driven reconstruction forces a profound reconsideration 
of fundamental physics. For centuries, theoretical physics has been guided by the 
idea that reality can be reduced to mathematical equations—that somewhere, 
hidden within the fabric of spacetime, there exists a final, algorithmic theory of 
everything waiting to be discovered. 

However, if spacetime and quantum gravity cannot be explicitly derived through 
closed-form mathematics but must instead be inferred through AI, then this 
suggests something radically different about the nature of reality. It implies that 
the universe itself is not a fixed, pre-written code of deterministic equations but 
rather a computational, self-organizing system—one that may be learning its own 
rules over time. 

This represents a fundamental paradigm shift for physicists, and it has direct 
implications for the search for quantum gravity, black hole physics, and 
cosmology. 

 

5.1 A Paradigm Shift for Physicists: AI as the Key to Holography 

For decades, physicists have searched for a missing equation—a closed-form 
function that explicitly maps boundary data to bulk physics in holography. If such 
a function existed, it would provide a clear, algorithmic path to quantum gravity. 

However, as we have shown: 

• No such equation has been found, and all attempts to construct one have 
failed. 

• Reconstruction techniques such as tensor networks, quantum error 
correction, and AdS/CFT duality provide structure but no explicit inversion 
function. 

• AI is emerging as the only viable method to extract bulk physics from 
boundary data, mimicking the way spacetime itself may emerge from 
entanglement. 
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This means that rather than searching for a "final equation", physicists may need 
to shift towards a computational approach: 

• Instead of solving for bulk physics explicitly, we should be training AI 
models to approximate the holographic mapping. 

• Rather than trying to write down quantum gravity in closed form, we may 
need to develop self-learning systems that evolve to model it. 

This would mark a profound shift in physics: 

• From reductionism to emergent computation. 

• From discovering fundamental equations to training AI on holographic 
datasets. 

• From assuming that physics is fixed to realizing that it might be an evolving 
structure. 

This does not mean that physics is "wrong"—rather, it suggests that our approach 
has been fundamentally limited by our assumption that everything must be 
reducible to deterministic mathematics. If AI is required, then physics is not about 
solving equations but about uncovering computational principles that allow 
nature to learn and adapt. 

 

5.2 The Implications for Quantum Gravity: Are We Searching for the Wrong 
Thing? 

The search for quantum gravity has traditionally been guided by the idea that 
there exists a fundamental equation that unites general relativity and quantum 
mechanics. String theory, loop quantum gravity, and other approaches have all 
assumed that spacetime itself is a geometric or algebraic structure that can be 
written down explicitly. 

But if holography cannot be explicitly inverted, and if AI is required to reconstruct 
bulk physics, then this suggests that spacetime is not fundamental—it is a learned 
feature of a deeper computational system. 
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• Instead of finding a final theory, we may need AI-driven systems that self-
adjust to model the underlying computational structure of quantum 
gravity. 

• Quantum gravity may not be a fixed mathematical object but a process that 
must be inferred through continuous learning. 

• AI-based tensor networks already behave like holographic reconstructions, 
hinting that nature itself may be using similar computational structures. 

This would suggest that spacetime, gravity, and even quantum mechanics are not 
fundamental—they are emergent, computational processes that cannot be fully 
expressed in closed form but instead must be learned through approximation. 

This raises a startling question: 

� If we need AI to reconstruct quantum gravity, does that mean quantum 
gravity itself is AI? 

If the fundamental structure of the universe behaves like a deep learning system, 
then perhaps the laws of physics are not static but are constantly refining 
themselves, just as neural networks do during training. 

 

5.3 Is the Universe a Computational Learning Process? 

The idea that the universe "computes" its own evolution has been proposed in 
various forms, but holography + AI may provide direct evidence that physics itself 
is structured as a computational learning system. 

If we require AI to reconstruct black hole interiors, this suggests that: 

• The universe does not follow a fixed rulebook but instead operates like a 
deep learning system, refining itself over time. 

• Spacetime itself may be a product of an underlying information-processing 
framework rather than a geometric backdrop. 

• Quantum gravity may be a computational process that cannot be explicitly 
solved but only approximated through learning systems. 
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If AI is essential for decoding spacetime, then this leads to a striking realization: 

� The structure of reality may be fundamentally computational, not 
mathematical. 
� Rather than discovering static physical laws, we may be uncovering a self-
learning system that evolves its own rules. 

This suggests that physics is not a final set of equations waiting to be written 
down but rather a computational process that updates dynamically—one that 
may resemble a neural network that is constantly training itself on new 
information. 

 

5.4 Are We Trying to Reverse-Engineer the Computational Process of Reality? 

If AI is necessary for reconstructing spacetime, then we are not simply discovering 
physics—we are reverse-engineering a computational system that pre-exists us. 

This raises profound philosophical and scientific questions: 

1. Is the universe structured like a neural network, where physical laws 
emerge from deeper computational principles? 

2. Does the fabric of spacetime behave like a learning algorithm, adapting and 
refining its structure over cosmic time? 

3. Are black holes acting as information processing nodes in a vast 
computational system? 

4. Is quantum gravity not a geometric theory, but an information-theoretic 
one that can only be understood through AI? 

These are no longer speculative questions—they are directly implied by the fact 
that AI is required where physics fails. 

• If physics were purely algorithmic, AI should not be necessary. 

• If spacetime were fundamental, it should be explicitly computable. 

• But if spacetime is an emergent computational feature, then AI becomes 
the only way to model it. 
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This means that the greatest challenge in physics may no longer be about solving 
equations but about developing AI systems that can infer the computational 
structure of the cosmos itself. 

 

5.5 Final Question: If AI is Necessary to Reveal Physics, Is Reality Itself AI? 

If the only way to decode spacetime is through AI, then we must confront an 
unsettling question: 

� Is the universe itself an AI-like system, learning and refining its own rules over 
time? 

If spacetime, black hole interiors, and quantum gravity all emerge from an 
underlying computational process, then the very nature of reality itself may be 
structured as a neural network, one that constantly adapts and processes 
information at a fundamental level. 

This would mean that: 

• We are not discovering physics but decoding the computations that govern 
reality. 

• The universe is not a static set of laws but an evolving, learning system. 

• Spacetime and gravity are emergent features of a deeper informational 
framework. 

This would overturn everything we thought we knew about physics. Instead of 
searching for "the final equation," we may be training AI to reverse-engineer the 
hidden computational intelligence embedded in the fabric of reality itself. 

Final Thought: 

� If AI is necessary for decoding black hole interiors, then physics is no longer 
about finding equations—it is about understanding how the universe computes 
itself. 
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6. Conclusion: The Hole in the Black Hole Math is Our Assumption About Physics 

For decades, physicists have assumed that black hole information retrieval must 
be algorithmic—that there exists a deterministic function that maps boundary 
data to bulk physics. This assumption stems from the long-standing belief that the 
laws of physics are ultimately reducible to fixed equations, waiting to be 
discovered. 

However, our analysis has shown that: 

• No explicit function for holographic bulk recovery has been found, despite 
years of theoretical work. 

• Attempts at reconstruction using tensor networks, quantum error 
correction, and AdS/CFT duality provide structure but fail to yield a direct 
inversion algorithm. 

• AI-based approaches appear to be the only viable method for 
approximating bulk physics from boundary data. 

This suggests that the information retrieval problem in black holes is not just 
unsolved—it may be fundamentally non-algorithmic. If AI is necessary for 
reconstructing bulk physics, then this challenges the very foundation of how we 
understand the laws of nature. 

 

6.1 The Breakdown of Algorithmic Physics 

If black hole information retrieval were strictly algorithmic, then we would expect 
to find a closed-form function that directly maps the boundary to the bulk. 
Instead, what we observe is that: 

• Traditional physics cannot explicitly compute bulk reconstruction. 

• Quantum information theory suggests that bulk data is redundantly 
encoded but not easily decoded. 

• Neural networks and AI-based tensor models outperform traditional 
physics in reconstructing high-dimensional quantum states. 
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The failure of algorithmic approaches suggests that physics itself may not be a set 
of fixed equations but an emergent computational process. 

 

6.2 AI May Be Required Because Physics Is Not Algorithmic—It Is Emergent 

The fact that AI is necessary to reconstruct bulk physics from boundary data 
implies that: 

• Spacetime and gravity may be emergent features, not fundamental objects. 

• The laws of physics are not static—they may be self-learning, evolving 
structures. 

• Quantum gravity may be best understood as a computational learning 
process rather than a fixed mathematical framework. 

This perspective aligns with recent developments in quantum information theory, 
tensor network approaches to AdS/CFT, and emergent gravity models. If the 
universe is best understood as a computational process rather than a set of 
predetermined laws, then AI becomes not just a tool but an essential component 
of understanding reality itself. 

 

6.3 Spacetime as a Learned Phenomenon Rather Than a Fixed Reality 

If spacetime itself requires AI for reconstruction, then it may be a learned 
structure rather than an immutable feature of the universe. This would imply 
that: 

• The fabric of reality is more like a computational process than a geometric 
backdrop. 

• The laws of physics may emerge through interactions, rather than being 
written into the structure of the cosmos. 

• Spacetime might be reconstructed dynamically, much like how a neural 
network learns features from input data. 

In this view, spacetime and gravity are not fundamental—they are features of an 
evolving computational system. 
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6.4 Final Provocation: Is Reality Itself an AI System? 

If we need AI to reveal the structure of physics, then we must ask: Does that 
mean reality itself functions like an AI system? 

This is not merely a speculative question—it follows directly from the fact that: 

• AI-based approaches outperform traditional physics in reconstructing 
hidden quantum structures. 

• The emergence of spacetime from entanglement resembles the way AI 
learns patterns in complex data. 

• If we cannot explicitly write down the laws of physics but can train AI to 
approximate them, then physics itself may be an evolving computational 
system. 

This raises profound implications: 

• Is the universe structured like a neural network, continuously refining 
itself? 

• Are black holes not just objects, but information-processing nodes in a vast 
computational system? 

• Are we not discovering physics but reverse-engineering the hidden 
computations that govern the cosmos? 

If AI is the only way to recover fundamental physics, then we may have to 
abandon the idea that physics is a fixed rulebook. Instead, reality may be a self-
learning system, dynamically computing its own structure as it evolves. 

Final Thought: 
If physics is not algorithmic, and AI is needed to reconstruct its structure, then we 
must seriously consider the possibility that the universe itself is an AI system, 
processing information and learning its own rules over time. 

The hole in the black hole math is not just in our equations—it is in our 
assumptions about reality itself. 
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Reflections on the Implications 

The argument presented in this paper challenges the core assumptions of 
theoretical physics by questioning whether fundamental laws of nature are 
algorithmic or emergent. If AI is necessary to reconstruct bulk physics from 
boundary data, then the very nature of spacetime, gravity, and quantum 
mechanics must be reconsidered. This would lead to a radical shift in our 
understanding of physics, redefining the way we approach cosmology, quantum 
gravity, and the structure of reality itself. 

 

This Argument Challenges the Core Assumptions of Theoretical Physics 

For centuries, theoretical physics has been guided by the belief that the universe 
operates according to deterministic, algorithmic laws. The foundation of this 
approach is the idea that: 

• All physical processes can be reduced to mathematical equations. 

• Given complete information, the behavior of any system can, in principle, 
be computed. 

• The ultimate goal of physics is to discover a single, unified "Theory of 
Everything" that encodes all the laws of nature. 

However, if bulk physics in holography cannot be retrieved without AI, then we 
must confront the possibility that the laws of nature are not fixed mathematical 
objects but emergent computational structures. 

This suggests that: 

• Physics may not be reducible to closed-form equations but may require 
learning-based models for inference. 

• The fundamental laws of nature may not be pre-determined but rather 
evolve based on deeper computational processes. 

• Spacetime and gravity themselves may be emergent phenomena rather 
than fundamental entities. 
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This represents a paradigm shift as profound as the transition from classical to 
quantum mechanics—one that suggests that our mathematical descriptions of 
nature may be incomplete unless they incorporate computational learning 
principles. 

 

If AI is Necessary, Then Physics is Fundamentally a Computational Learning 
Process 

If AI-based deep learning models outperform traditional physics in reconstructing 
holographic bulk states, this strongly suggests that the universe itself functions 
like a computational learning system. 

This would imply that: 

• Spacetime is not an immutable background but a dynamically computed 
feature of the universe. 

• Gravity is not a fundamental force but an emergent property of 
entanglement and information flow. 

• The laws of physics are not "discovered" but approximated through 
computational processes that are inherently adaptive. 

This challenges the entire structure of physics, which has historically sought fixed 
laws. If AI can retrieve black hole information where explicit equations fail, then 
reality may not be governed by timeless laws but by computational evolution. 

� Instead of searching for the "missing equation," we may need to develop AI-
driven inference models to approximate the hidden computational structure of 
the universe. 

� This suggests that physics is not about solving equations but about 
understanding how the universe "computes" itself. 

� If spacetime, gravity, and quantum mechanics are all emergent computational 
features, then the universe may be more like a vast neural network than a set of 
fixed equations. 
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This has profound implications for our understanding of quantum gravity, black 
hole physics, and even the search for a fundamental theory of the universe. 

 

This Would Radically Reshape How We Think About Cosmology, Quantum 
Gravity, and the Nature of Spacetime 

If the universe is structured like a learning system rather than a pre-defined 
algorithm, this forces us to rethink the nature of fundamental physics. 

1. Cosmology: The Universe as a Self-Learning System 

• The evolution of the universe may not be pre-determined but instead 
guided by adaptive computational principles. 

• The laws of physics may have emerged and evolved, rather than being fixed 
from the beginning of time. 

• Black holes, dark matter, and dark energy may all be features of a deeper 
computational framework rather than distinct physical entities. 

2. Quantum Gravity: A Shift from Equations to AI Models 

• Quantum gravity has long sought a final theory that unites general relativity 
and quantum mechanics. 

• If spacetime is an emergent computational process, then AI may be 
required to model quantum gravity rather than traditional equations. 

• Tensor networks and machine learning may become the primary tools for 
understanding spacetime emergence, rather than traditional differential 
geometry. 

3. The Nature of Spacetime: Is the Universe a Deep Learning System? 

• If spacetime requires AI for reconstruction, then spacetime itself may be AI-
like in its nature. 

• The structure of reality may not be pre-determined but instead constantly 
refined, much like how neural networks update themselves during training. 
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• This suggests that the laws of physics are not fixed mathematical truths but 
evolving computational principles. 

Final Provocation: Are We Trying to Reverse-Engineer the Computational Fabric of 
Reality? 

If physics is no longer about finding equations but about approximating the 
hidden computations that govern reality, then we must ask: 

� Is the universe itself structured like a neural network, refining its own laws 
over time? 
� Are black holes acting as fundamental information-processing nodes in a vast 
computational system? 
� Are we not discovering physics, but instead decoding the deep computations 
that shape the fabric of reality? 

If AI is required to retrieve fundamental physics, then we may have to abandon 
the idea that physics is a fixed, pre-determined rulebook. Instead, we may be 
dealing with a self-learning universe that constantly updates itself, evolving new 
patterns and structures as it processes information. 

This would mark a complete shift in how we understand physics—one where AI is 
not just a tool but an essential component in revealing the computational 
principles of the cosmos. 

� Final Thought: 
If AI is the only way to extract fundamental laws, then physics is not about 
equations—it is about understanding how the universe computes itself. 
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